
INSCRIPCIONES 

CENTRO DE EDUCACION CONTINUA DE LA 
DIVISION DE ESTUDIOS SUPERIORES DE 
LA FACULTAD DE INGENIERIA, U. N. A. M. 

Palacio de Mmería Calle de Tacuba No. 5 
MéXICO 1, D. F. 

Horario de oficinas: 
Lunes a viernes de 9 a 18 h. 

Cuota de inscripción $4,500.00 

La cuota de 1nscnpc1ón incluye: 
• una carpeta con las notas de los profesores 
• bibliografía sobre el tema 
• tiempo de computación 
• servicio de cafetería 
• com1das 

Requisitos 

• Pagar la cuota de inscnpc1ón o traer oficio 
de la empresa o mst1tuc1ón que ampare su 
inscnpción, a más tardar una semana antes 
del inicio del curso 

• Llenar la solicitud de mscnpc1ón 

Para mayores informes hablar a los teléfonos 

521-40-20 521-73-35 512-31-23 

. ,. ~.:'tÓNsTAÑCIA o·E ··ASISTENCIA -.- ' . .' ..... ,; •. .._ 
., r--•) -:~ ~~ :: .. :.;-;.,:"'.~~,_, ....... ,,.~t ... ,, ... l ... \-~.:.."'~'\..... ..... -· ~-', i i ..... ·-( ·. 

· ,(a¡; a~torida'des -de·:la'"Facult~ld· (le~ lngemernt•1cte':la'. :~,:_.. 
.'- . U.N.J:\.M.;·¡otorgarán. una:·constancla·,,de: aslste.!l~!a\·a ,.( · 
". los participantes que concurran regularmente' y ,qu~ ;_ 

realicen los trabajos que se les asignen dural'}~,e ,él .-;;";~, ' 
;~- . ·curso. , .. :;~/ \ ·~.: . .,, , 7· 

MDDilOS DI SIMUtA·CION 
PARA lA PlANIACION 

INTIGRAl Dll USO Dll 
SUElO Y ll TRANSPORTE 
CURSO INTENSIVO TEORICO-PRACTICO 

DURACION: 45 h 
FECHAS: del 23 al 28 de enero 
HORARIO: lunes a viernes de 9 a 13 y 

de 14 a 18 h 
sábado de 10 a 14 h 

Coordinadores: lng. Agustín Paulin y 
Arq. Alejandro Villanueva Egan. 

En colaboración con la Sección de Planeación, 
DESFI, UNAM. 
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ANTECEDENTE~ 

Los modelos de simulación representan ac­
tualmente una herramienta indispensable pa­
ra el planificador en el análisis de los efectos 
de programas y proyectos sobre la estructura 
y dinámica de los sistemas urbanos, dándole 
así mayor creatividad y racionalidad a la 
planeación de los asentamientos humanos. 

En este curso, el concepto de paquete inte· 
gral de modelos será analizado y se realiza­
rán pruebas de· laboratorio para familiarizar 
al participante en su manejo y evaluación. 

OBJETIVOS 

Mostrar los fundamentos para el diseño e im· 
plementación de este tipo de modelos, así co­
mo los criterios para su utilización en el aná­
lisis de políticas, programas y proyectos. 

Ofrecer una experiencia práctica en el mane­
jo de modelos urbanos calibrados en México. 

A QUIEN VA DIRIGIDO 

A profesionistas de equipos interdisciplina­
rios encargados de la planificación de áreas 
metropolitanas y de proyectos específicos de 
transporte y uso del suelo. 

TEMARIO 

1. PLANEACION INTEGRAL DEL USO DEL 
SUELO Y EL TRANSPORTE 

2. MODELOS DE SIMULACION DEL USO DEL 
SUELO 

3. MODELOS DE SIMULACION DEL TRANS­
PORTE 

4. PAQUETES INTEGRALES DE MODELOS 

5. METODOS PARA LA CALIBRACION DE , 
MODELOS 

6. UTILIZACION DE MODELOS EN EL ANA­
LISIS DE POLITICAS, PROGRAMAS Y PRO· 
YECTOS 

7. APLICACIONES EN MEXICO Y LATINO­
AMERICA 

8. PRUEBAS DE LABORATORIO CON MODE· 
LOS Y BANCOS DE DATOS DE LA ZONA 
METROPOLITANA DE LA CIUDAD DE ME· 
XICO 

CONFERENCISTAS INVITADOS 

DR. STEPHEN H. PUTMAN 
DR. FREDERICK DUCCA JR. 

Planning Sciences Simulation Laboratory. 
Departamento de Planeación Urbana y 
Regional. 
Universidad de Pennsylvania. 

PROFESORES 

ARO. ALEJANDRO VILLANUEVA EGAN 
M. EN C. JOSE LUIS SOBERANES 
ING. AGUSTIN PAULIN 

LABORATORIO 

MAT. MARIO RODRIGUEZ GREEN 
ARO. BRAULIO HORNEDO 
ARO. OLIVERIO GONZALEZ 

MESA REDONDA 

Participantes: 
SUB-SECRETARIA DE ASENTAMIENTOS 
HUMANOS 
DEPARTAMENTO DEL DISTRITO FEDERAL 
INSTITUTO AURIS 

NOTA: 

Para las prácticas de laboratorio se contará 
con el banco de datos y la programoteca del 
Laboratorio de Planeación, DESFI, y la compu­
tadora del Centro de Cómputo, UNAM. 
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A LOS ASISTENTES A LOS CURSOS DEL CENTRO DE EDUCACION 
CONTINUA 

~a& autoridades de la Facultad de Ingeniería 1 por conducto del Je~e del 
Centro de Educación Continua, otorgan una c.Dnstancia de asistencia a -
qu:ienes cumplan con los requisitos establecidos para cada curso. Las 
personas que deseen que aparezca su título~ profesional precediendo a -
su norr~re en la constancia, deberán entregar copia del mismo o de su -
cédula a más·tardar el SEGUNDO DIA de clases 1 en las oficinas del Centro 
con la señorita encargada de inscripciones. 

El c~~ntrol de asistencia se llevará a cabo a trav~s de l.;a persona encar 
gada de entregar las notas del curso. Las inasistencias serán computa= 

--das por las autoridades del Centro, con el fin de entregarle constancia 
solamente a los alumnos que tengan un mfnimo del 80% d~ asistencia. 

Se recomienda a los asistentes participar act:i vamente con sus ideas y 
experiencias, pues los cursos que ofrece el Centro están planeados pnra 
que los profesores expongan una tesis, pero sobre todo, para que coordi 
nen las opiniones de todos los interesados constituyendo verdade~os s0-
minarios. ' 

Es muy importante que todos los asistentes llenen y entregen su hoja -
de inscripci6n al inicio del curso. Las personas comisionadas por al­
guna insti tuci6n deberán pasar a inscribirse: en las oficinas del Centro 
en la misma forma que los demás asistentes v cmtregando el oficio respe_s: 
tivo. 

Con objeto de mejorar los servicios que el Centro de Educación Continua 
ofrece, al final del curso se hará una evaluAci6n a tráves de un cues-­
tionario diseñado para emit1r juicios anónimos por parte de los asjste~ 
tes. 
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• 
FECHA 

~ner.o 23 

Enero 24 

Enero 25 

I'vlOCl-:LOS O:: Sl~.!lULACION P.-\RA LA PLAi\EAClON INTEGRAL DEL USO DFL 
SUELO Y EL TRANSPOETE 

DURACIO;'Í TEMA 

9 a 12 h Planeación integral del uso del suelo y el transporte. 

12 a 1.'3 h 

14 a 16 lj 

16 a 18 h 

Panorama conceptual. Utilización de modelos. 

Descripción de la Programoteca y los trabajos que se 
realizan en el Planning Sciences Simulation Laboratory. 

Descripción de los modelos y las bases de datos que serán 
usa< los en el curso 

Mesa Redonda: Simulación Uso del Suelo 

9 a 11 a.m. Modelos de Simul8ción del Uso del Suelo. Evolución. Mo­
delos de Interacción Espacial. 

ll a 13 h 

14 a 16 h 

16·a 18 h 

Aplic9.ción de modelos de Usos del Suelo (comercial, indus 
trial). 

Fundamentos teóricos de los Modelos de Uso del Sudo. 
Teoría de William Alonso. 
Modelo de Wingo 
Teoría de Richard Muth 
Modelo de Herbert-Stevens 

Laborátorio 

9 a 11 a. m. DRAM-Calibracioncs y Resultados 

llal.1h 

14 a 16 h 

Calibra e iones 

Modelos de Transporte. 
Modelos de gencrnc ión, di str ibdcitm, elección y as lgn<l­
ción. 
Modelos pruh.11i::;ticos y d.:.:tcrrnin[qic<_•::;. 

PROFESOR 

Dr. Stcphcn H. Put m a n 

Dr. Frederick Ducca 

Arq. Alejandro Vilianuevc-:. Egar; 

Dr. Stephen H. Pu~ man 

Dr. Freder!ck Ducca 

M. en C. ]osé Luis Sobcra11e.s 

Dr. Stephen H. Putman 

Dr. Frederick Duce;:¡_ 



M :xlelos de Simul¡".ción para la Plancación Integral del Uso del Suelo y el 
Transporte 

Fecha 

Enero 25 

Enero 2ó 

Enero 27 

•'. 

Duración 

16 a 18 h 

9allh 

11 él 13 h 

14 a 18 h 

Tema 

' 
Laboratorio 

Comparaciones DH.AM- EMPIRIC 
Paquetes integra les de modelos del uso del suelo y el 
transporte 

Laboratorio 

Laboratorio. DRAM 

9 a 11 a. m. Utilización de Mcxlelos en el Análisis de Políticas, Progra­
mas y Proyectos. 

11 a 13 h I_ al>0rc:ltorin 

14 a 16 h Prácticas de Laboratorio. 

16 a 18 h Mesa Beclonda. Conclusiones 
Participantes, DDF, AURIS, SAUOP. 

18 a 18:30 h Clausura 

'eci e¡;, • 2 3 1 7 8 v ' ) J • 

Profesor 

Arq. Alejandro Villanueva Ega: 
Arq. Braulio Hornedo 

Dr. Stephen H. Putman 

Dr. Frederick Ducca 

Dr. Frederick Ducca, 
Arq. Alejandro Vlllanueva Egan 
A re¡. BrJ ~il io Horncdo 
Mar. Mario Rwrfguc:·z Grecn 

Dr. Stephen H. Putman 
Dr. Frederick Ducca 

Dr. Frederick Ducca, Arq. 
Alejandro Villanueva Egan, Arq. 
Braulio Hornedo y Mat. Ma ric• 
Rcxlrío-ucz Creen o 



centro de educación continua 
división de estudios superiores 

facultad de ingenierfa, unam 

MODELOS DE SIMULACION PARA LA PLANEr'\ClON INTEGRAL 

DEL USO DEL SUELO Y EL 'T'RANSPORTE 

RTEGO DE SIMULACION "CLUG" 

USO DEL SUELO Y TRANSPORTE 

INFORMACION PARA EL JUGADOR 

ARQ. ALEJANDRO VILLANlJEVA EGAN 

ENERO, 1978. 

Palacio de Mlnerra Calle de Tacuba 5, primer piso. Mé1clco 1, D. F. 



CLUG 
**** 
EL JUEGO DEL USO DEL SUELO EN LA C0I,HJNIDAD. 

DESCRIPCION GENERAL: 

CLUG ES UN IlODELO QUE PRETENDE REPRESEN1'AH ALGUNOS DE LOS PACTO 
RES FUNDN1ENTALES QUE AFECTAN LAS DECISIONES DEL USO DEL SUELO­
EN UNA Cot-1UNIDAD Y SU HEDIO-NlBIENTE EN TAL FORMA QUE SE SITUA 
AL JUGADOR t:N UNA POSICION EN LA QUE TIENE QTJE OPERAR CON LAS -
RLSTRICCIONES !~PUESTAS POR ESOS FACTORES. AL CESARROLLARSE EL 
JUEGO, LOS JUGADORES ENCONTRARAN QUE HAN SIDO 0!.'-H'l'IDOS FACTORES 
HlPORTANTES, PERO LA FLEXIBILIDAD EN EL DISEÑO GEL JUEGO LE PEH 
HITE AÑADIR ASPECTOS QUE SEAN SUGERIDOS POR I.:L USUARIO PARA HA= 
CER EL JUEGO HAS APROPIADO A SUS NECESIDADES,ES'l'A VERSION DE -
CLUG PUEDE OPERARSE SOBRE UNA BASE COHPLETAMENTE MANUAL CON SO 
LAMENTE DOS OPERADORES Y DE 3 A 18 PERSONAS. CLüG ES LO SUFI·­
CIENTE!-1ENTE FLEXIBLE Y COMPLEJO PARA PROVEER UN INSTP.UMEN'rO PE 
DAGOGICO ADECUADO CON ALGUNAS APLICACIONES DENTRO DEL TERRENO­
PROFESIONAL EN LA PLANEACIOH. AL r.nm10 TIEMPO, PROVEE UNA BASE 
RELATIVAHENTE SIHPLE PARA EL ENTRENAHIENTO DE PROFESIONISTAS EN 
~L USO E INTER:f!RETACION DE TECNICAS HEURISTICAS DE JUEGO DE HANE 
RA QUE PUEDAN APRENDER MAS RAPIDAHENTE A USAR OTROS MODELOS. EN 
lmSUl'1EN,PUEDE DECIRSE QUE EL CLUG ES UN INSTRUMENTO QUE PERHI'I'E 
AL TOM.ADOR DE DECISIONES O AL ES'fUDIAN'I'E DE PLAtJEACION URBANA, -
PERCIDIR 'TODOS LOS ASPECTOS DEL FENONENO URBANO A LA V:CZ 1 EN TAL 
FGID1A QUE PUEDA OFRECER SOLUCIONES t-17\S COMPREHENSIVAS. 



DIVlSZON VE ESTUVTOS SUPERIORES 
FACUlTA~ VE INGENIERIA, UNAM 
SECCION VE ?LANEACION 

JUEGO PARA LA SIMULACION VE STSTEHAS URBANOS 

NO. VE UNIVA- PRECIOS TOPE 
TIPO VE INVERSION COSTO VE CONS GAIJANC I A POR VES VE EMPLEA- SALARIOS SUPER GRAN 

TRUCCION -- AliJO vos NECESARIOS POR MJO MEP.CAVO ALMACEN OFICINAS 

Gran Industria 96 000 48 000 4 24 000 4 000 

Pequeña Industria 48 000 22 000 2 12 000 2 000 

Supermercado 24 000 * 1 6 000 1 000 

Gran Almacén 24 000 * 1 6 000 1 000 

Oficina 36 000 * 1 6 000 ·- -
Residencia Sencilla 12 000 6 000 2 000 1 000 

Resj.dencia Doble 30 000 12 000 4 000 2 000 

Residencia Triple 48 000 18 000 6 000 3 000 

Residencia Cuadruple 72 000 24 000 8 000 4 000 -
El Ingreso por TL, GA y O, dependen del n'Clmero de clientes 
obtenidos y e). ·precio cargado. Un ingreso bruto de $10 000 
$15 000 puede ser supuesto antes de qu.e esas unidades operen. 



VIAJES DESDE: 

Industria Pesada ( GI } 

Pequeña Industri~ {PI ) 

Tienda Central o Supermercado 

* Residencias por unidad ( RI } 

* 

VTVISION VE ESTUDIOS SUPERIORES 
FACULTAV VE TNGENTERIA, UNAM 
SECCION VE PLANEACION 

JUEGO PARA LA STMULACION VE SISTEMAS URBANOS 

COSTOS VE TRANSPORTACION POR CUAVRA AL A~10 

VIAJES HACIA: 

CENTRAL OFICINA EMPLEO ::;QMPRAS ( TL ) COMPRAS ( GA) 

$4 000 $ 400 

$2 000 $ 200 

$ 100 

$ 300 $ 200 $ .100 

-
Para R2 1 R3 o R4 ¡ multiplicar por 2, 3 o 4 1 respectiva mente. 



ClUG COMPRA DE TERRENOS 

EQUIPO: __________________________________ __ 

LOCALIZACION 

DEL TERRENO: _________ --------

'OFERTA $ -------------------

CLUG ACUERDOS COMERCIALES 

CELEBRADO ENTRE LOS EQUIPOS: 

POR CONCEPTO DE: ----------------------------------------

Representante Representante 
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r-,1QDELOS DE SIMULACION PARA LA PLANEACION INTEGRAL 

DEL USO DEL SUELO Y EL TRANSPORTE 

CESCRIPCIONES DE MODELOS 

ARQ. ALEJfNDRO VILLANUEVA EGAN 

ENERO, 197 8. 

Palacio de Mlnerra Calle de Tacuba 5, primer piso. México 1, D. F. 



~·- TOMM os un Modelo de Siffiulación disefiado para pronon­

ticnr el uso de la tierra, población y empleo, en Jos 

Condados de Pittsburgh y Allegheny, Pennsylvanin. 

Fue formulado ori¿::inalmel!te por Lowry; Crecine deGa-~ 

rroll6 una versión revisada y posteriormente, T0plitz 

realizO una segunda revisi6no 

Deb1do a La estructura del Modelo, este puede adaptar­

se para ser aplicado a otras áreas de estudio~ 

IIo- ESTRUCTURA CONCEPTUAL DEL MODELO 

II.l.- TEM.I\. DEL fi¡QJ)/~10 TOH!•i : 

Los aspectos considerados son 

- Us8 de la tierrao 

- Poblaci6nú 

- Empleou 

El Modelo divide el &rea Metropolitana en 160 

breas, para cada una de las cuales considera,la población medida por el 

nCunero de familio.s clasifj_cadas en cinco categorias ( alto nivel, pare­

jas r1ayores, clase media-baja~ transicional y nivel bajo )o Estas cate­

gorias se derivan de un anál1sis Je factores de variables censales. 

TOMM reconoce dos tipos de empleo básico y Sb~un-

dario. Todo en.plco do manufactura, cuerpos corporativos, Un:i versidades 

y otras Industrias es considerado co~o b~sico~ Todos los otros e1apleo~ 

mayormente ccmerclo y nccoclos, son conside1·adcs como secundarios y sa 

consideran para servir solamente el área del modelo. 81 empleo base es 

considerado como fuerza rnotCY.l:·a del crecirnle11to de población. 

El usuario d<::l Modelo provee proyeccio:r.es de "e:-r:pleo 

b~sico'' derivadas exter~amcnte para cada ~rea de terrenoo El modelo e­

calcula entonces ul n6wero correspondiente de viviendas para las cinco 

---
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cate~orlas y proyecta los niveles secundarios-de empleo para balancear 

la población y las dos clases de empleo. 

Como el modelo aftade 6 remueve viviendas y empleo se­

cundario Lrea por área, hace continuamente ajustes propor~ionales en el 

"uso de la tierra", bajo las cateGorlas de 

Industria., 

- Comercio. 

- Residencia._ 

- Terreno vacante. 

II .2~- ?UNClONl~S D8L !10TJELO rl'OMH : 

TOI·1M es un modelo de equilibrio. No pronostica 6 pro-

yect<.t, puesto que !10 tiene un mecanisrno para orie;lnar empleo 6 población 

que cambie de año en año. Se basa en proyecciones de empleo básico, po-

blacl6n y rü veles de E:wpleo secundario preperadas externamente y locali­

za estos en las 160 ~reas. 

El valor de este modelo es, su habilidad para mostrar 

de qué manera será distribuido entre las difere&tes ~reas de la región 

considerada, un crecimiento que ha sido asurnido. 

La finci6n del modelo e~ determinar Ratrones de creci­

miento y no montos de crecimiento. 

II.3.- TEORIA DEL MODELO TOMM : 

Para localizar viviendas en el área metropolitana, 

TOMM debe considerar una teorla de localizac16n. Esta teorfa es, que 

la poblaci6n debe localizarse de manera tal, que tenga cerca un centro de 

empleo. Este ~oncepto de accesibilid<?-d es expresado por una "ley gravi­

taclonal'' : el atractivo residencial de un Area varia inversamente con 

su distancia de un centro de empleo. El atractivo total de un área es 

entonces, la proporción medida de sus distancias de todos los centros de 

empleo, lo cual en t6rminos matemáticos se expresa de la manera sigte.: 

160 

Aj ~ Ei ( 1-) = .::::..:.... __ --
i= l Dija 

Donde Aj es el atractivo del Area j. 

Ei es empleo tolal en el !rea i~ 

Dij : es distancia entre el área i y l~ j. 

a : exponente proveniente de datos empiricos. 

') 



Habiendo establecido el n6mero de viviendas localizadas 

en cada zona, el modelo las divide ~hora en los cinco tipos familiares. 

Cada tipo de f.:unilia es asumido para tencr.un~va.lor preferencial para ca­

da uno de ~os otros tipos, asi que su preferencia total para un 6rea es, 

la sum.J. ••1edlda de sus preferencias par& las viviendas ya en el si ti o, tal 

como se expresa en la sicteo ecuación 

Donde 

Nl . 
- ' j 

Nl . 
' J 

N '1 . 
' J 

wl,k 

: 

(2) 

es el W .de familias del tipo 1 en el 

~re a jo 

w. Nl . ,J 
durante el periodo de tiempo 

previo. 

preferencia del tipo de familia 1 para 

el tipo de familia k, obtenida de datos 

históricos. 

H . W • total de familias localizadas en la j'. 
J 

Después de aftadir ó remover las familias en un área, 

TOMM actualiza su uso de la tierra residencial. La tierra vacante dispo­

nible es convertida en uso residencial 9 a la misma densidad promedio co­

mo en el terreno residencial existenteo Si la tierra vacante no es dis­

ponible, lJ densidad residencial en esa Area serA incrementada, hasta el 

limito permitido por las ordenanzas de zonificación. 

'l'OMH aplica alp;unas constantes de "estabilidad" ó limi­

tacione:s de cambio. ~·:1 modelo asume que no seria razonable tener más que 

una cierta fracción del movimiento de población, 6 cierto porcentaje de 

tierra convertida de un uso a otro, en un periodo de tiempo. 

Si los cambios de población y uso de la tierra exceden 

estos limites de estabilidad, dichos cambios uerán detenidos. · 

Una vez ubicadas todas las viviendas, el próxi1no paso 

de •ror~IM es, añ~dir el empleo secundario requerido para servirles. 

-una regla gravitacional similar a la utilizada para lo­

calizar las familias (viviendas), localiza el "empleo secundario" a cada 

~rea, basado en su distancia de los centros de población y empleo. 

Cada tipo de familia tiene diferentes necesidades de 

servicio, asi, unos requerim1entos de área variarAn con su tamaño y tipo 

de población. Esta relación se expresa de la manera sir;te. : 
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Donde empleo secundario requerido por al ~rea j~ 

empleo (secunáario m~s b~sico) requerido 

en i. 

c
1 

empleo secundario requerido por el tipo de 

familia l. 

l.¡ 

IJ 
'] . . , J 
D. . 
l, J 

ndmero de familias de tipo 1 en el ~rea i. 

distancio entre el área 1 y j~ 

P1 P2,P3,d : son 
' 

constantes obtenidas de datos 

emp.iricos" 

Sobre el nümero de empleados secundarios lacalizadcs en 

un área es imp~esto un requerimiento agrupado. TQMM trata de mantener un 

balance entre el empleo y la poblacióno El empleo al por menor, debe ser 

suficiente para servj_r adecuadamente a la población, y la población debe 

suplir el monto necesario de emplcadoso Para lograr este balance, deben 

satisfacerse dos condiciones 

H.H -- E o F'C 

E = :!:P. + HH ., B 

(4) 

(5) 

La ecuación (4) es el requerim1ento de que, eJ total de 

familias (HH) es igual al total de empleo (E) por el ndmero de familias 

requeridas para suplir un "miembro de mano de obra" (FC.). 

La ecuación (5) dice simplemente que, el empleo total 

os igual al empleo b~sico (EB) m~s el número de viviendas (HH) rnultipli­

cauas por el ndmero de empleados secu.ndarios (B) requ•;ridos para servir 

a una familia. 

II.4c- ~·iE'rODO Dt-::L HODELO TOfvlN : 

El m~todo del modelo es, la soluci6n interactiva del 

juego de ecuaciones no lineares anteriores, con sus res~ricciones. 

Sn el modelo se realiza un ciclo a trav~s de su progra­

ma, distribuyendo y redistribuyendo el empleo secundario y las familias, 

husta alcun~~r un equilibrio. 



NIV8LES DE ABSTRACCION ILUSTRACIONES DEL MOD8LO 

I o- El ESQUEMA CONCEP'rUAL GENERAL 

En el fondo de TOMM se encuentra una teoria de in­

teracción humana, un esquema conceptual L,eneral utilizado p.::ra explicar 

6 el tiempo 6 el costo de distancia vencida en dicha interacci6n humana, 
\ 

tal como se puede observar en el er~fico anexo. (Ver pág. sigte.) 

VERIFICACION Y VALIDACION DE LA SIMULACION URBANA 

5 

La vcrificuci6n consiste en chequear el sistema abstrac­

to para consistencia interna para aseGurarse de que no han sido hechos e­

rrores l6ticos en su estructura,y que no han sido omitidas 6 distorsionadas 

relaciones esencial~s. 8sto puede realizarse, examinando primero cada con­

cepto 6 proposici6n a trav6s de todos los niveles de abstracci6n. 

Posterior~ente, pueden juntarse varias combinaciones de 

conceptos relacionados y repetir el proceso, a fin de observar que sus re­

laciones peru1anecen intactas. En la vcrificaci6n del modelo mismo, debe 

hacerse un chequeo especial en sus parámetros y en el m6todo de seleccio­

nar l~s variables tipicas. 

La validaci6n ost~ exa1'1inando el sistema o.bstracto del 

modelo, po.ra ver si produce aproximaciones razonables y satisf3ctorias del 

mundo real. Una validez del sistema abstracto es.determinada por su ha­

bilidad de predecir el com)Ortamiento del sistema de mundo real, el cual 

puede juzgarse mejor mediante la comparaci6n en~re los resultados (pro­

ducto) y los datos del mundo real. Puesto que nincdn modelo puede ser 

perfectamente v5lido, la cuestión ~scncial llega a ser : qu6 ta~ de acuer­

do con la r·ealidad debe ser el producto para uso práctico en la planifica­

ci6n ? 

Un producto del modelo de simulación urbana está usual­

mente en la forma de datos "de serie ue tiempo" (ej : distribuci6n de un 

fen6meno en un punto en el tiempo). Para validaci6n de datos en series 

de tiempo, el análisis puede aplicar directamente varias pruebns estadis­

ticas, enfocadas en el nóm~ro de puntos, su t1empo, dirección y caracte-
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rfsticas Je dlslribuci6n de los datos producto, su amplitud, variación a­

c~rca del significado y o~ros rasgos distintivos. Apropiados métodos de 

ost.J.dlstica incluyen la prueba 11 chi-cuadrada 11 , análisis de variación, 

l'8t~resi6n, a11!i.lisis factorial y es pcc tral y pruebas no parnrné Lricns. 

La validación de datos modelados requiere más procedimien­
tos elaborndos. Debe trabajarse en una t6cnica para la d:scripción de 

fenómenos espaci'ales, antes de que el analisto. pueda aplicar t6cnicns 
8stadisticc.J.s. La ~colocfo animal y vegetal sugiere alcunos m6todos pa-

ra osto. Un procedimiento tlpico es, diacramar el fenómeno co~o una se­

rie de puntos en un plano y los datos correspondientes del mundo real, 

superponiendo luego una malla regular sobre el plano. Entonces pueden 
1 

utilizarse tres t6cnicas básicas para describir la distribución del fe­
nómeno. 

Contando el n6mero de puntos de datos en un área limi­

tada, es el procedimiento más simple. Una vez descritas las distribu­

ciones, pueden ampliarse las pruebas estadfstibas listadas anterior­
rnente. 

El cráfico anexo (ver pá[.SL[te.) ilustra los pnsos ó • 

puntos a loG cuales la verificación y validación pueden tomar lugar teó­

ricament~. Al menos en principio, la verificación puede ser tentativa 

entre caJa nivel de nbstracción, trabaJando desde abajo, mientras que 

la validación es esencialmente una comparación del producto final con 
el rnuncicJ real. 

Conjuntamente, la verificación y la validación dicen al 
aualista qu0 tan bien diseñado y 6til es el modelo de simulación. 

Solamente despócs de saber esto, puede utilizarse-apropiadnmente-como~~~--~~ ~---­
un 

11 
ps eudo-ln bora torio 11 para exper1rnentos urbanos. 
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ILUSTR/\.CIONJ~S D'~ VE:RIFICACION Y VALIDACION D8L 

¡.;ODELO TONH : 

Es pr~cticamente imposible por supuesto, documentar 

una veri'ficación y validación complc ta de un modelo de simulación repre­

~entando un sistema tan complejo de población, empleo y uso de la tie­

rra, como lo hace TOMM. 

La verificación sicue continuamente a trav6s de cada 

paso de abstracción y a través del tie•llpo del uso del !rlOdelo. La vali­

dación es probada usualmente solo después de que el modelo es programa­

do, y por su naturaleza no puede ser nunca completa. 

No hay cosa semejante a un modelo perfectamente v~lido, 

y cada modelo eventualmente lleta a ser menos vAlido como la estructura 

ddl mundo real y los cambios de fenómeno. 

I.- VERIFICACION 

La verificación puede ser concebida como una uscalera 

de abstracción "caminando hacia abajo 11 , comparando cada nivel con el in­

ferior. 81 primer paso es, quitar las fallas del modelo. Deben buscarse 

primero. los errores del programa de la computadora, tales como, variables 

que deben ser afiaJidas dos vec0s, 6 el uso de suscripciones impropias. 

i'juchos de estos errores se revelan a si mismos durante 

la corrida del proc;rama, cuando se trata de dividir entre "0" 6 ¡:;enerar 

nClmeros no reales, 6 simplemente "faltaD 6 paradas". 

Otros errores pueden hab~rse realizado en la traducci~n 

del modelo a un programa. Puede haber fa~las en las condiciones limitan­

tes para evitar el ndmero de habitantes que lle~an a ser negativos, fallas 

en la distindión entre variables continuas y discretas, u olvidar de esta­

blecer condiclon~s iniciales para unJ variable. 

~stos son descuidos qu~ el analista toma normalmente co­

mo datos, pero qu0 la computadora no puede entender. No puede apreciar 

lo aLsurdo de un ~rea de terreno poLlada por un n6mero ne0ativo de fami­

lias. 

Bajando por los nivel~s de abstracción, se busca como 

próximo paso, los errores ~n la l~gica del proceso mismo de modelación. 

Cuando la teofia manejable ó el jue¡:;o de relaciones era convertido en un 



ffiOdelo, el analista puede haber fallado ~n la captura de un elemento 6 

aspecto del sistema. Semejantes 0rrores puedHn revelarse a si mismos 

noltunen te en casos cnpeciales 6 ·para al6unas combino cienes de valores 

de lJs variables~ y as! pD3ar in~dvPrtidas a trav~s de ~uchas corridas 

de modelo que parecen razonables. Un error sem~janta fue encontredo en 

'L'Ol'H deGpu~c de varias corridD.s. La relación de :lens~_dad de ~~·:-•).a{'.lÓú 

a distancia del centrode la ciudad, no ~ab1a sido incorporada ap~opi~d~­

~011te en el modelo, y bajo ciGrtas circunstancias, el modelo ten~ido ~ 

forzar la movilizaci6n d8 habitantes de los suburbios, cre6 una distri­

cuci6n da pobl~ción completame~te irreal. 

8 

Desafortunadamente para la verificación, les errores 16-
1 

ci~~s tienden a ser los m~s dif!ciles de encontrar y su bdsqueda forza aJ 

analista a repensar las relaciones teóricas acerca de las cuales puede sclt­

tlrse inseguro. Por otro lado, errores de proeramación menes críticos, 

tienden a llamar la atención inmediatamente cuandu el progrnma esta co­

rr~endo~ Pa~a vencer e8to y lleear al fondo de la verificaclón, eJ dnlco 

rec~rso es un~ lar~a serio de corridas con un modelo de trabajo, en el 

cual el analistD experimenta, hasta que puedo .::~.nticipar confidenclalrnente 

;:;u cornportamion 'LO. F:s entonces el momento para introducir un camti.o cui­

dadosaJnente Geleccionado y medido, para comparar el nuevo producto con el 

oblenido corridas de prueba previas. Una vez que el analista est6 se~uro~ 

y entiende el coMport~miento del modelo bajo la primera modificación, a­

óadc una secunda y corre de nuevo, lue~o Ulla tercera y as! sucesivamente. 

Sl ~odelo resultante de este lar~o proceso de verifi­

cación es ::my diferente de aqtrel con el cual se habla comenzado. 

II..- V1\.LIDACION 

La V3lidez d~ un modelo de simulación es detcrmin~da 

por la precisión de sus predi ccioneG ~ Solamente el t Lernpo es el factor 

tlUC ouede decir usto. Comparur el pronóstico con la realidad eventual, 

no os una prueba de validez realo Pueden surgir condiciones que no están 

incluidas en la teor1a orieinal del wodelo para hacer su pron6s tlco ~He 

Jnexacto, aunque la priwera concepción del modelo era válida., ?or e1 

contrario, un modelo pobremente concebido puede dar un pronóstico exacto 

occidentalmente, realizando una coaa correcta para una razón incorrectao 

Tal vez el m6todo de validación mts com6n ~s la predic­

ción retrospectiva~ En sirnular:iont;s u1ás c;randes esto eG posi lúe sola:ilGíl­

te p~ra los a~os 1.950 y 1.960, para lo cual hay disponibles adecuadcs 



dn tos e ensnlcs. :n r~étodo es, insertar dntos históricos para alg(m año 

anterior y predecir los .datos de 1.950, comparando los resultados con los 

uel Cen.::;o de 1.950. ;~1 proceso .;s repetido con una p1·edicción para 1.960 .. 

Cuando los n.~sul LJ.dos de ar:~bns pruebas son comparados, puede r,anarse al­

gunn comprensión en la validez del modelo. 

En la validación del T0~1, este proceso no puede ser uti­

lizado, porque los datos censales de 1.950 eran inadecuados. Los datos 

de emnleo base rnts recientes eran pnra 1.960, por lo cunl fue necesaria 

una predicción inter-censal. 

í·a mayor insumo del TOG!!'•l son, proyecciones de empleo bá­

sico preparadas externamente. Afortunadamente, semejantes proyecciones 

ernn disponibles para 1.960 hasta 1.966. Con estos insumas, fue realiza­

da un.J. proyección del nflm.,ro de viviendas y localización entre las 160 

~roas p~ra 1.966. Debido a 1~ falta de datos actuales de las familias 

para l.96G, fueron utilizados datos sustitutivos del año 1.9G7, los cua­

les hablan sido colectados por muestreo para propósitos muy diferentes. 

Por · ·s to, fue nec.esario basar la prueba de validación en un~t cornparación 

de las proyecciones del modelo de 1.960 a 1.966, con datos basados en el 

muestreo de las familias para el 1.967. 

Un an6lisis regresivo produjo 

Viviendas proyectadas por TOMM para 1.966 = 
= .8235 viviendas actuales de 1.967, con un 

2 R de .7354. 

Esta es una proyección de distribución razonablemente 

bue11a. Otra prueba produjo .2905, de nuevo un vnlor razonable, conside­

rando 1~ naturaleza del modelo. 

LD. prueba de la "chi-cuadrada" indica la inapropiabili­

dad rclativd de scmcjnntes métodos estad1sticos para probar modelos ur­

banos. Con lGU erados de libertad ( N-1 6 N 160-1 ; hay 160 proyeccio­

·nes individuales y 1 proyección externa a TC0M ), el resultado es aproxi­

madruaente 21, una cifra semejantemente apropiada que se sale del rango 

de la mayorfa de las tablas. 

Los erados del concepto de libertad han sido aplicados 

erroneamente, por lo cual la prueba del chi-cuadrado no es realmente a­

plicable. 

Es una l~stima que los métodos estad1sticos disponibles 

para la prueba de validez del modelo de si~ulaci6n urbana, parecen ser i­

nadecuados cn_alEfln ~rado. La mayor1a de las relacion~s urbanas tienden 

9 



a r;er cualitativas, interdepcndientes y no muy clnr.:<s., 

Lus modelos de simulación son los tinicos.modclcs prácti-. 

cos parn uso eu los esfuerzos de pla'1ifico.ci6n urbana de alg6.:1 tcuoaño y 

COill.[lle ji dad. Los modelos anali ticos son limitados, por fal \..a de teof!a 

y : .or di ficul tactos de formulación y solución. 

Si se van a modelar sistemas urbano~, debe continuarce 

tod&v:ta por un tiempo, con modelos de simulación, a po:o;ar Je sus lüü to.­

ciones. 

lo 



zu ....... 

EL PUNTO DE VISTA DE PROBABILIDAD 

Para desarrollar y comprender los modelos cravitaciona­

lcs se adopta aqu! un punto de vista de probabilidad ba~tante simple~ 

Se supone una re~ión metropolitana de población P, y 

se divide esta re5ión en sub-áreas. Se supone tambi§n que se conoce el 

nftmerc de despla¿amientos interiores que realizan dentro de la resión. 

sus habitantes) este n6mero es T= constante. Se establece que no exis-

ten diferencius de gusto~, renta, distribución, estructuras ocupacionales~ 

oteo cutre las sub-.1reas., 

El problema LJS, deterrainar el n(!múro de dcspla ~ami en tos •t 

que se ori[.;ino.n en la sub-área i y ter!Uinan en la j, suponiendo que un 

dosplazo.micnto no implica ni tiempo, ni costo ( la fricción de la distan­

cia us cero ). 

8n esta situación hipot6ticn se puede establecer que, pa­

ra un individuo representativo de la sub-área i, el porcentaje de sus via" 

jos que terminan en la sub-área j es igual a P./P, 
- ' J 

siendo P. población de j y 
J 

P población totalo 

Adem5s, por la hi96tesis de fricciOn cero, rl nómoro do 

viajes que 1~ p~rsona de la sub-ttrea i realiza, os el pron1cdio del 71Cl.tnr;ro 

le desplaz~miontos ~er c~pita parJ la reción metropolitana entera, y este 

pro111Gdio es ir;ual a 'r/P = K .. Pcr esto, el nómcro absoluto de despla-

~~c.t .. i·.~ntos \lUC un individuo representativo de la sub-área i hace a la sub-

dreu j es K(Pj/P). 

Como existen P. individuos en 1, el ndmero de despla~a­
l. 

mientas que estos P. realiz~r1n hacia la sub-área j será : 
]. 

T .. 
l.J 

(1) 



De este modo se ha obtenido una estructura del vol6men 

u e de u plazo.'aicn tos entre sub-áreas, esperados 6 hipotfticos para la re­

L"i6n r1e Lropoli tana. 

El siLuiente paso consiste en determinar el efecto que 

la distancia real que separa a dos sub-áreas, pueda tener sobre el n6me­

ro de desplazamientos que se producen entre ellas. 

Si se obtienen los datos corrientes sobre el n6mero de 

desplazamientos entre cada una de las sub-áreas de una región metropoli-

tana, Ge rcpresentar~n estos por I .. • lJ 

distancia d .. 1 

.LJ 
otro m6Lodo), 

ción linc.::ü : 

Se establece una relación entre el radio I. ./T .. y la 
lJ lJ 

(ajustando una curva por mfnimos cuadrados 6 cualquier 

se supone en ~ste caso que se encuentra la sigte. rela-

r. 
Log lj 

= a-b loe; d. (2) 
T. 

lj 
lj 

haciendo C= antilog, a 

r. e T. lj 6 Iij 
e 

T. = b lj (3) = lj d. b lj d .. 
lJ 

~~ustituyendo T .. (ecuac.l) en la ecuación (3), e intro­
lJ 

ducicndo la constante G = cK/P , dende c,K y P son las constantes ya de-

finido.s, obtenemos : 

I . . = lJ 

P.p. 
G l J 

d .. b 
lJ 

(4) 

Esta sencilla relación puede ser aceptada para describir 

el volfimen de desplaza;ientos (actuales) en el interior de la reción me­

tropolitana (describe la interacción de los habitantes como una función 

de las poblacion·:S de las sub-áreas y la. variable distancia, cuando esta 

interac•:ión se refleja en desplazamientos). 

2 

Nota : esta relación deducida desde este punto de vista 

es esencialmente el modelo gravitacional, aunque este no ha si~o desarro­

llado do esta forma. 



se quiere hall~r la lnteracci6n de una re~ión con mAG 

de una de las otras region8s, se p~ede utilizar la siete. fórmula 

I. 1 -ti . ..,+••• 
l l.:.. 

n n 
--- I -- G ---- ij 
j=l j=l 

PiPj 

dijb (5) 

Si se saca a Pi como fD.ctor eu la parte d~o:1·ccha y se 

divide!! ambof miembros 

- n_.. I.. 
--.- l' J.J 

J= 
n 

G-~= ~ 
j=l .d .. b 

lJ 

(t) 

Esta relación muestra la interacción con todas las t­
reas ~n tfrminos pur cápita 6 más estrictam~nte, 011 t~rminos por unidad 

d0 masu. La in~eracci6n definida as1 se le designa potencial de i (iV)o 

= G -----
j::l (7) 

HIPOTESIS S'I'EWART - ZIPF 

En las ciencias naturales existen leyes talos como las 

que cobiernan la densid3d, la·presiGn y la temperatura de loe gases. 

Stow~rt razonó que, en la interacción de las unidades sociales pueden 

suuyacer relacicmes similares, lns cuales es posible de:::>cubrir 'llediante 

lu invcsticQci6n de crandes a~reeados de talus unidades. EasAnoose en 

lo. fisic.J. de Newton, presentó tres concuptos prit:wrios, y sir;uiendo lD 

fuerza ~r.J.vital, Stewo.rt d&fine la fuerza democráfica. 

Cuundo la población de las ciudades i y j 1 ~ue SP dcEig-

nc.. nor P 1 y P j se toma corno macas "elevan tes, la fuerza d<:tilOCI'~fica f es: 

3 



( 3) t=2 

Ste~art desarrolla un se~undo concepto que corresponde 

a la cnur~fu t_.ravi tal y que se denomina "enercia de!~o¿;r[lfica". 

Est&s 

(9) b=l 

dos expresiones ( 8) y( 9) tienen en el d .. 
1J 

exponentes a b=2 y l respectivamente. 

como 

El tercer concepto de ~tewart es, el de potencial demo­

grdfic~ ( quQ corresponde al de potencial gravitacional ). El potencial 

dctuogr~fico producido en un punto i por una masa j, que puede designarse 

por iVj se define en un tiempo determinado como la wasa en j, 6 sea 

Pj dividida por la distancia existente 

P. 
G _L. 

d .. 
lJ 

iV = 
n 

Gc __ 

J='T 

_:j_ 
d .. 
lJ 

(lO) 

Los trabajos de Zipf se asemejan mucho a los de St~wart 

por lo CU<-tl no se tratar~n por el mowento. 

CUESTIOIISS l3A~>IC,\.S Df::: LO;". HODELOS CRi\.VI~'ACIClNAL;:.s 

2n usta parte se va a discutir cuestiones que aparecen 

particularmente en la aplicación del ~odelo. Un aspecto se refiere a 

las variables masa y distanciu • 

.::;n los estudios e1npiricos, la masa ha sido medida de 

diferente forwa, aqui se ~a utilizado la población como medida. Sin em­

bargo, si se estudia lo. rni¡:::ración intermetropolitana, el empleo ó la ren­

ta pueden ser unos indices m~s significativos; la medición de la masa que 

se emplee depende del problema a estudiar, de los datos disponibles, etc. 

La distancia se ha Medido de forma similar. ~n este 

caso, se ha considerado una medida fisica a lo largo de una recta, no 

obstan te, si :.;e lleva a cabo un estudio sobre tr~f.ico metro poli to.no, la 

4 



distancia en tlebpo puede ser iGual 6 mds i9portantc que ld distancia en 

kilóm~tros~ Si ue analiza el problema de localización iudustrial, el 

costo de tranaporte es nas signiflcativo que la distancia f!sica. 

De la misma forma que la medición de la masa, la medi­

ci6n de la distél.ncia depende del proiJlema a abordar, de los datos dispo­

nibles y de otras consideraciones an>~xa~:. 

Una cuestión básicrl que permite elimi lL~r· las tl) p6t.:H>i'~ 

de hcmo~eneidad hechas al principio, 

de lus 1'ponderacioncs a lets masas" o 

refiera a la arltcaci5n 

Guponi&ndo que se estudia ol voldmen de vinjes de pri­

mera clase 6 ~e lujo~ Es razonable espurar que un área con alta renta · 

per c~pita t~ndr~ un volfimen mayor de tales viajes, que un firua de menor. 

rentau Una forma de corregir tal factor es, multiplicar la población de 

cada sub-~rea, por su renta per-cápita. De 8Sta manera la ecuaci6n (4) 

se convierte en : 

( W. P. ) ( W .P . ) 
l l J .l_ 

dij 
b 

y la ecuación (7) será 

W .P. 
_.J_J 

b 
d .. 
lJ 

(11) 

(12) 

Es posible ponderar la ma~a con más de un factor. 2n 

tal cnso \'Ji y W j representar!an ponderaciones colnpuestas (prmaedios 

que reflejan la relativa importancia de los distintos factores ponder~dos)~ 

Más dificil que la sclecci6n de.las ponderaciones 6 me­

didas de masa y distancia es, la elecci6n de exponentes para las variables 

en los concepto:::; de. ener¡:;ia potencial y dcrnocr~fica. Desde un punto de 

vis\a tc6rico se puede presumir que el exponente de la variable distancia 

dij deb0r!a ser 1 6 2, seedn sea enerGia 6 potencial. Pero numerosos 

estudios emp!ricos realizados por diferentes investiGadores no apoyan es­

tos uxponentes. 

Aunque 2s evidente que '31 exponentE. de dij no es necesa­

rid que sea 1 6 2, todav!a no se ha hecho un estudio definitivo ae la cucs-

ti6no En las ecuaciones b':.sic .. .u:; (lr) y (5)' estos exponentes soü 

la un1dad. Sin embargo, inv0stigadores muy profundos han encontrado qua 

la potencia a la cual es elev.ada la masa, l)Odr!a ser otra que la urüdad. .. 

5 



Ejo : Carrothers observa que factores tales como las 

~corto~ias de aLlomeraci6n (desaElomeraci6n) i~plican que el exponente 

~¡u'c Jebe aplicu.rse a cualquier masa, es función de esta masa. r~n tal 

situ~ción, los ~xponentes de masas distintas serAn diferentes; las 

ccu.J.ciones (1 1) y (5) se convertirán en las sie,s. : 

G • 

iV = 

Dé f?:, 
·.·: . ( p . ) • \'l . ( p . ) 

l l J J 

n 
G _ _:~ 

J=l 

d .. 
L 

lJ 

A 
W .(P.) 

J J 

d .. 
b 

lJ 

Mientras no oe continuen investigiciones acerca de 

este problci'Ja, esto queda aun sin resolver. 

PROBLEMAS EIJ "SL USO DS LOS MODELOS GRAVI'l'ACIO!'lALi~S 

6 

Ya se han tratado algunas cuestiones básicas en rela­

ción con las ponderaciones, exponentes y formas de las funciones. Con 

respecto a los problemas relativos al uso del modelo gravitacional en sus 

formas m6s simples, debe tenerse presente que estos modelos pueden utili­

zarse tanto con fines descriptivos, como de proyección. 

Un problema comfin para am~os tipos de utilización es, 

el referente al erado en que cual~uicr conJunto (masa intecral, pobla­

ción ó acrccu.do Slt,nificativo) es fraccionado, clasificado en sectores 6 

desagre¿:,ado. 

La noción de modelo cravitacional, particular~ente la 

desarrollada por Stewart, corresponde a una wasa relativa1aonte c_rande, 

compuesta por Inultitud de unidad~s individuales. Dentro de tal masa es 

razonable suponer que las irre~ularidaJes, peculiaridades e idiosincra­

sias de cualquier unidad individual 6 pequ~ño crupo de unidades, se a­

nulan ó compensan. En tal situación la cl~usula es vAlida en cierto Bra­

do; por consituionte, se puede justificar una concentración en dos varia-



bles b~sic~s, l~ dist~ncia y ln maso, y on factores que pueden sintetizar­

se en ponderaci or.cs y c:xpone::::ttes, excluyendo las otras varial.·les; p.:<r 

Ej. : para estudios de trAfico, cuando el vol~wen total de tr~fico ~~ ae­

SDLro~~ por cln~e de medios, 6 por finalidad de despla~amienlos, po~ ti­

po de ciudad u otra clasific~ci6n, las peculiaridades de cada catog0ria 

tienden a ser m1s man~f1cstas y dominantes, y l2 amplitud con la c~~l un 

mcdclo Eravitacional describe 6 explica cualquier efecto (disminuc~6n de 

voHirrwn,etco) regular,tiende a reducLrseo De esta forma se-: r·lantea un 

p1~obleU1a b~sico : por un lado, parece conveniente desat;rer;ar y estrati­

ficar con mi:ca.s a dis tine;uir entre distintos exponentes 6 por..del"J.cioncs 

c,tw podr!.an 01nplears8 pa:ra proyectar 6 describir las distintas cate¿,or"f.a.t-;., 
\ 

Por otro lado, el wodelo cravitacional codo t6cnica para describir 6 ex-

p1 i cur e 1 vol Ct:ncn de desplaz.:;micn to3 con un proiJÓ.Si to particular, tiende 

a ser menoG fiaLle que para cualquier estrato particular de una masa, y 

7 

si la desacrecuci6n es llevada demasiado lejos~ los datos deducidos pueden 

llecdr a lenar una sltnlficaci6n reducidao 

Puede decirse qua la desagregación sv hace aconsejable 

cua.nj¡¡ .::s p0s1 Lle obtener in formación adicional y precisión Y y además, 

cuund0 tal desa[regaci6n no destruye en erado alcunu la ~i~nificaci6n ln­

tr{nseca y la cGtructura unitaria interna de la masa 6 poblaci6no 

Bajo estas circunstancias, serA Otil emplear diferentes 

cxpOiJnntes, ponderaciones, etce 

Cuando se intenta emplear el modelo eravital co~o al~o 

m6s qu~ una t~cnica descriptiva, 3UrLen todavia problemas de caracter16ti­

cas todavia m1s dtficiles. Un obstá~ulo básico para su utilización pro­

yectivn cbnsist0 on la carencia de cualquier teoria, para explicar los va­

lorcG 6 funciones quo ~e asignan ~ las ponderaciones y exponenteso 

Comunmente, la justificación del modelo es Slwplements~ 

que 1~ interacción entre dos poblucionas cu~lquiern puede suponerse que 

ost~ an relación directa con su tamu~o, pormano6iendo todo lo dem1s icu~l; 

y pua~io que 1~ uistanciu implica fricción, inconvenientes y costo, tal 

interacción puede suponerse inversamente relacionada con la distancia. 
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8n ostc modelo, 1~ distribución espacial de una activid~rt 

es vista como la evaluación sucesiva de oportunidades alternativas par~ 

los sitios, los cuales han sido ordenados jerarquic3wente en función al 

tiempo de traslado de un centro urbano al sitio donde se quiere localizar 

la actividad. 

Las oportunidades son definidas como : el prJducto de 

tierra disponible y la densidad de la actividad (unidades de actividad 

por unidad de ~rea). 

donde 

-10 -l(O+j)) Aj = A ( e - e 

Aj 
A 

1 

o 
o. 

J 

actividad a ser localizada en la zona j. 

suma total de las actividades que se. debt>n 

localizar. 

probabilidad de que una actividad sea situa­

da con un nivel de oportunidJd dado. 

oportunidades que preceden a la zona j. 

oportunidad en la zon~ j. 

i~~l uso de una exponencial neeativa, permlla que sean lo­

calizados primero en la superficie de oportunidad, los puntos de mAximo 

acceso (máxima oportunidad). 

8sta presunción es consistente con las observuciones em­

p1ricas y con la mayoría Je las teof!as económicas que tratan del uso d0 

la tierra. 
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OPOR'T'UfJI DADES 

Sl concepto de una oportudj.dad para aseútt...r una unl;-',a.d 

de actividad envuelve el ~rea de tierra y la medida de le.. intensidad ó 

Jensi.dad.ciel uso de la tierra! 2n un análisis de intensidad dcber5~ con­

sidero.rse posibles curr.b-Los de esta., deuido ~ carnbio.s en los costo~~ :':: 

transporte, en los costos de const-rucción, cambios en los requeri::rt ·ó!t,OS 

para locali:~ar ncti vidades y cambios e:1 las prcJferencias y custos d.- los 

posibles usuarios. 

Por osta.s dificultades es bastante dificil sirnulnr den­

tro del modelo, la intensidad del uso de la tierrao La densidad ha sido 
1 • 

introducida ex6~enamonte dentro del modelo; esta ind~pehden~ia permite 

tomar densidades ~lternativas derivadas de suposiciones ó planeadas ~refo­

riblemonte. 

PROBABILIDAD DE; A3 El\'l'Ai·:I a·-!TO 11 1 11 

8ste par~metro es la probabilidad de que una actividad 

sea -utdblccldd 6 este situada a.una unidad de oportunidado Para una su­

perficie de oportunidad dada, valores ¡;randes de "l" harin flUC el área ur­

bana se-a rn!ís concentrada; v.alores pequeños de "1" la harán m!.!s osparcidü. 

LA UOCIOH DE 1\CC.~SCS 

Los patrones de asent.J.miento son muy sensitivos a las 

facilidades Je tr.J.nsporte. En este modelo se enfatiza que las zonas ur­

banas tonder~n a desarrollarse m6s r6pida y concontradamonte, por los ca­

minos de m1nimo tiempo en las redes de transporte. 

La noción da accesibilidad que se desarrolla. ar1ui, se 

debe. eutender corno facilidactcs para ¿;]_ transporte y se tOmé.. C.H consiucru­

ci.6n Jcntro de los parltr~<Jtrot> del r'lodelo. 

8ste concepto do accesibilidad no d~be ser confundido 

con }os conceptos ~r~vit~cional8s de accesibilidad ( atractividad )o 

Con tod:Js Lts ltmi t.:..~.ciones ele loe rJrocodi.·r~.ientos de los 

prccc.di.'lientor; de locnlizüci6n, es posible incorporar los efectoc d-:: los 

camoios en los ~edios de tr~nporte y en los accesos, lacrando üs1 una re­

troalimentación entre el uso Jel cuulo y los sisternus de transporte. 

i·:l modelo es (ttil como una ta~-> e para predecir lu dis tri­

buci6n futura d.:: la ciudc1d y sus il:JJitantes, asf cc:·lC tvmLi6n, la t:_enera­

cjÓn da viJ.jes, icualmente, es posible evaluar l~s pol1ticas de uso rte la 
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lo 

tierra, los controles de la densidad, etc. 

---~-------~-~--------~---- ----
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( BJ\Y 1\REA SII'1ULJ\'l'I01': .S'I'UDY ) 

C EN'l'E:R .FOR REAL ES'l'A'I' Z AND URBAN SCOI!Of-JI •_;s ~ 

UiHV8RSID;~D .DE CALI F'ORNIA , F:d~I~K:~LEY. 

I o- OLJE'riVO.S 

- Análisis del impacto probable sobre los usos del sue-

1 o futuros, en el área de la Eahia de San F:t'.;ncisco, 

debido a cambios en ol nivel de empleo. 

An~lisis del impacto de ~randcs inversiones en trans­

porte, sobre la estructura y distribuci6~ de los usos 

del suelo urbano, en el ~rea de la Eah1a de .San Frc.n-

cisco. 

II.- ES'l'RUC'I'URA DEL 1'-lODELO 

En el modelo BAS~, dos sub-modelos de empleo y uno de 

población ceneran las proyecciones Blobalos del drea de emplea y pobla­

ción paro inleroccióncs de 5 años, proyectaudo hasta el año 2.ú20o 

Los dos pronósticos de empleo son promediados a fin de 

obtener la demanda de trabajo, la cual e~ comparada entonces, con la ofer­

ta de trabajo 3enerada por el modelo de población. La demanda y la ofer­

ta son equilibradas y loo pronósticos de empleo para los 21 grupos indu~­

triales, asi como ta!nbi~n, un pronpstico de población para el año 2.020, 

son obtenidos p~ra los 13 condados del área de la Bah1ac 

.BA2.S diferencia entre las deter1ünantes locali zacionales 

de los diversos crupos industriales, haciendo uso de 6 sub-modelos de lo­

calizaci6n de empleo. 

Un sub-modelo de localización residencial equilibra la 

oferta de vtvi8ndae y tierra utilizable con la demanda de viviendG ~ene-
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rada por los pron&sticos de población. ~1 sub-modelo utiliza 6 ~rupos u­

nitarios de vivi~nJa, basados en dos tipos Pslructurales ( uni y multtra­

lnilLlr ) y tres valores 6 niveles ( alto, medio y bajo ) • Sl submodelo in­

corpora ~proxiuaciones de filtración y demolición de las viviendas. 

Las localizaciones de ompleo, con la excepción de lJs 

servicios eduqacionales, construcción y agricultura, son determinadaf a 

priori de la localización dE: residencias. Esta secuencia supone i.:npll ci­

tamente que, el empleo de servicios ce aJusta a la distribución de pctla­

ci6n, t~ntQ en el sitio. Je trabajo, como en el de vivienda que 0xistia cil 

comienzo de un periodo de 5 aaos, durante 81 cual la localización residen-

cial so ajusta a los cambios en la distribución de empleo durante e: se :pe-

rfodo. 1 

II I,- HETCDOLOGIA 

Los métodos para la localización del e~pleo para las 

6 localizaciones industriales son los sits. : 

1.- El'-'!PLEO AL POli !H;:;Non : distribuido mediante una com­

binación de un modelo de potenclal gravitacio­

nal y 'una medida de ~tractividad derivada de un 

an~licis de re~re~lón. 

2 o- l-'!AHUFAC'I'URJt::, FLl:~'l't~::, DOD:::CAS, V.8H'I'AS AL f'-'!AYOH 

distri b_uido por una medida de a tro.c ti v ldad de­

rivada de las sub-~reaso 

3.- FIH:l.i·:ZAS, ,')f~C~UlW,S, INHUE:ELES, EDUCACION Y GOEIEi-~'JO 

distribuidos a condados y sub-~reas importantes 

sobra la base de una extrapolación simple de las 

tendencias históricas, modificadas en base a 

juicios. Sl residuo es distribuido a otras sub­

fireas en base a su población. 

l~.- s:·~RVICIC:' : asic;nados con un modelo de recresión en 

en cual el empleo es una función de la ctensido.d 

y acce~:;i bilido.d. 

5.- CONSTRUCCION : distriLuido a sub-lreas como una fun­

ción de la cantidad de nuevo empleo y nueva vi­

vienda. 

6.- AGRICUL'l'URA, IHHE~Ih, 'l'T<AI·¡;-.; POH'l'ES, COHUIHCACIONES, 

lHLI'l'AR8S : se distribuye el em:olco total derivado 

del modelo de proyocci6nJ a Gub-,reas en la mis-
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ma proporción qu~ la actual. 

Los cuatro prime; ros de esto sub-modelos se explican 

posteriormente con mayor detalle. Los dltirnos dos ce explican a si mis­

mos. T~ conslrucción os relacionada con nuevas viviendas y nuevos empleos 

y as localizada ~ sub-treas so~re la base de los requerimientos de las ac­

ti v1.d<-:de.s mene i on.:1das. 81 nivel de ac ti vi dad at,rf cola es un residual, y 

el c::n:tüeo .:J.L.,ricolc. es reduc:!.do en c.:1da sub-t..rea, en pro:;Jorción a la ex­

tracci6n de terreno aL,ricola de la sub-área. 

' 
1.- SUB-MODELO D8 LOCALIZACION l : 

COHERCIO AL POR M~NOR : 

La proporci6n de nuevo empleo de comercio al POR MENOR 

en cuc.lquier zona j, es una función del por~entaje del nuevo empleo reGiO­

nal localizado en j, el porcentaje de la población total en j y la atrac­

tividad relativa de j • 

r 
l\LLOC. = 

J 

donde 

( (C>~ NE./ ~.NE: .) + (/.SPOP _¡-:;;: .PGP .) + RAI .) 
----'u"'-, ---"'J_ .... J,__ ___ -"'-J _ _,.J,____,J.__ __ __,J'-- /:':.. ¡;:¡.¡pr 

ALLOC .r 
J 

NE. 
J 

POP. 
J 

RAI. 
1 
u 

"',, ·pr Ll.J.!.d'J 

2 

nuevo em~leo al menor en j. 

nuovo empleo total en j. 

población total en j. 
\·' 

indice de la atractividad relativa 

de j. 

nuevo e!.ll)leo al menor en toda el ~rea. 

constantes exógenas que suman l. 

RAI es una función de la demanda potencial para comer­

cio al por menor en la zon& y de la ad0cuación comercial del sitio. 

La demanda potencial es la diferencia entre la demanda 

actual en la zona (empleos) y la demanda esperada. 

La demanda c~perada es calculada por un modelo cravita­

cional. La adecuación comercial del sitio es obtenida a partir de una 

ecuación de rccrcción, relacion~ndo l~ cantidad de empleo al por .menor, 

con la acccuiLj_lidad de la población, ~ccesibilidad industrial, densidad 

Je l0 zona y l .... s can"Lidades y localización de otros tipos de e:'iplco. 



l· 
' 

DATj ::: 

donde DPj : demanda potencial. 

e~;;) . 
J : adecuación comercial del uitio. 

.. 

2o .. S lJL-!·~ODSLO DE LOCALI6!tCJ:ON 2 : 

HANUFAC'l'URA2, FL8'.l'SS, l~CD··:C_'\.S, VENTM; 1\.L !·1A lCR 

Los incrementos en el empleo son lo~alizados por medio 

de !ndices medidos por zona., de los factores de loc.:üizaci6n calculados 

sep~r~darneni~ para 11 erupos indu~trialcs. La zona con el marcador ;1c a]­

to par~ un trupo industrial, recibe una emprescl de tamafio promedio de ese 

crupo indusLrial. ::1 se van a localizar más empleos, se recalculan los 

indicas, to~ando eo cuenta los cambios surcidos por la primera localiza­

ción. De nuevo lu zona con el marcador rn[tc; ul to, recibe una ·.:;mpruso.. 

8ste proceso continOa hasta que se ha localizado todo 

ol e1opleo. Una vez distribuida, el empleo es convartido en uso del suelo, 

·¡,wdiante coeficientes ele o.'usorci6n de ten·eno. 

mo.ncra sisuiente 

Los marcadores de las zonas (S _k) se co.lculan de la 
J 

--:-:-= ~i 

donde K nCirnero de e:rupo industrial. 

j zono.. 

i factore!:; de localizaci6n importo.ntc.s po.ra 

el t;rupo industrial k. 
S k marcador d::: el industrial ' j zona para ¿;rupo 

w.~c: medido. del factor i para el Lrupo k. 
l. 

Ij 
l . indice el factor i la j. . para en zona 

k. 

Para determinar los medidas del 11 iésimo:tfactor para cD­

da uno de los 11 crupos de empleo, fue utilizado el anAlisis de re~resi6n •. 

Zntre lo.s vario.Lles consideradas est6n 

- localizaci6n de otras empresas industriales en 



el áreao 

- Acceso de ferrocarril. 

- Acceso de· carretera. 

- Terrenos vacantes. 

- Bibliotecas, Restáurantes, Densidad, etc. 

Los expertos en localizaci6n industrial alterar5n las 

medidas en base a juicios, cuando se considere necesario. 

Un indice para el "l(:simo factor" en la zona j se calcu­

la de la sigte. forma : 

i i i ) 1 ( i l·HNi ) Ij = (J X . HIN HAX 
J 

donde I _i indice para el factor i en la zona j. 
J. x.l maenitud actual del factor i para la 
J 

sub-área.j. 

tU Ni valor mini m o de X para todas las j. 
·HAXi valor máximo de X para todas las j. 

En el modelo BASS, la migraci6n industrial intra-área 

es reconocida e incorporada en el modelo. La tasa a la cual emigra el 

empleo de una zona es funci6n de la densidad de la zona. 

La densidad está definida como 1~ suma de poblaci6n y 

empleo por acre. Si la densidad de una zona es mayor que 10, entonces al­

cuna industria cmicra del ~rea sobre la baso de datos hist6ricos. 

L<..t r:Iitracl6n de eu1pleo.s es añadida al t;rupo de nuevos 

empleos a ser distribuidos para cada industria. Los terrenos dejados va­

cnntes por la r'lit.;raci6n, son ailadidb.s al inventario de terrenos disponi­

bles en la zona. 

Cuando se proyecta und declinaci6n en el empleo en al­

t~n crupo industrial, se utiliza una t~cnica diferente _para determinar don­

de debe decrecer el emvlco. 

Sl porcentaje del total de decline en un crupo industrial 

a ser distribuido en cada zona se calcula por la sigte, ecuaci6n 

PLDECL.k 
J 

= ( í~tlP _k 
J 

~1 ndmero de empleos pardidos del tipo k en la zona j 

se determina por 

2HPLOS _k = 
J 

PLDZCL.k J • 

5 



donde 

PLDECL.k 
J 

n6wero de empleos del tipo k perdi­

dos en la zona j. 

porcentaje de decl:ina1üie.nto en la in­

dustria k en la zona j. 

declinamiento proyectado an empleos 

de tipo k. 

densidau. 

Como -- _j EHPLOS j k = 120 % del total de doclin:t:nieato 

proyectado en la industria k, BASS distribuye un 20 ~ equivalente, uti­

lizando el modelo de crecimiento industrial. 

zacionul es 

),- SUf-I1CD2L() DS LCCALIZACION 3 : 

F.I.H.E:. : F'INANZAJ.>, s.e;GUT:o.';, IHI·IU2~::LS.';, r~DUCA.C:ION 

Y GOBI:~RNO 

La descomposición r.;eoLr~fica para este alt;oritlllo leocali­

- Condados. 

- .''ub-~reas i;.1:,oortanteo3 en cada condado. 

- ~ub-~reas residuales. 

Sstos tipo~ de empleo son localizados en los condado~ de 

acuerdo a luG ~roporciones actuales, con modificacion~s en base a juicios. 

La mis~a combinación de historiu y sitio es utilizada pa­

ra diGtribuir el c~pleo d las su~-~reas importanLes dentro de los conda­

do=. Cl empleo restante es distribuido a l~s otras sub-areas 

sobre lu buse de su población. 

4.- SUU-~ODZLO DE LOCALIZACION 4 
~= snvrcro:.; : 

El empleo de servicio es distribuido a las zonas como u­

na función de un fndice de atractividcld relativa y de la población. 

donde 

ALLOC. 8 = 
J 

ALLOC .
8 

J 

' 
POP. 

(e< Ri\ I . -+ ¡$ - J_ ) A ~;:;¡,¡ps 
J ~ POP. 

l l. 

nuevo efflpleo de servicio JocHlizado 

en la zona j. 

6 



RJ\Ij 

POP. 
J"' 

A Elt.P"" 

indice de atractividad r~lativa. 

poblaci6n en la zona j. 

nuevo empleo de servicio en el área. 

constantes exógenas con su~a l. 

:·a RAI es obtenido a partir de una ecuación determinada 

mediante análisis de regresión. 

Se estiman diferentes ecuaciones de RAI, incluyendo dife-

rentes variables independientes para : 

- Comida, bebida. 

- Servicco3 personales. 

- ~orvicios misceláneos. 

- -:· ervicios módicos. 

D Ul:-I·:iQDELO DE LOCALI !.ACION DE VI'JIE~TDAS 

La simulación de localización de vivienda puede verse 

como un paso h~cia una r~~lica nxpl!cita del mercado do vivienda. 

:·:1 modelo separa los trato.micntos de oferta y detnanda. 

'·n el lado de la oferta, .DA!:',S introduce in:1ovaciones im­

¡'ort.:.nte:::; ta.l,·~ COJ 1 0 la demolición y filtración de las vivicndc.~.s. 

0 supone una ta:_a Je demolición de la viviendc.. existente 

determinada on for~a ~lobal para toda el ~rea ( 4 % de la vivienda exis­

tente por 5 o.ios, obtenido en investiraciones sobre la ta~a de de~olici6n 

en :.an Franclscu 0n años recientes ). 

L.::.. tasa de demolición no ,;s constante po.ra tod!bs los ti­

pos de casas.- La distribución de las demoliciones depende del valor de 

las unidades de vivienda de la zona, l~ proporción de )stns unidades que 

pertenoccn al tipo multira~iliar y la densidad de desarrollo de la zona. 

Para viviendas Ulli far'liliares, la proporción de nuevas demoliciones en la 

zona Be determina de la manera si~te. 

DR.s = 
J 

donde DRj 
S proporci6n de der¡olici6n de unidades uni-

familiares en la :.o na j. 

DDj densidad de desarrollo en la zona j. 

P" .·j j unidades m6.lti:plus expresadas como un por-
e en taje de la vivienda total en la zona j. 

7 



HV. valores de lu vivienda en j 6 
J 

(2.v:üor alto +Valor m0dio)/total de U!1i-

dados da vivienda. 

La parte de derrwlici6n de unidades múl ti fo.miliares depen­

de de la proporciOn de viviendas solas 

DR.m .. 
,J 

¡: 

1 

( DR .8 f~­
J 

La demolición afecta. la oferta (cambiando el nemcro de vi­

viend~s disponibles) y la demanda (alterando el n6mero de habitantes ¿n 

busc~ de viviendas. 

'J,a filtración del inventario do viviendr,s nlb altero. el n6-

wcro de viviend~::: di;3ponibles, pero camLia la distri'uuci6n del valor. 

ln tr1odelo supone que en cada periodo de tiempo, el 2Cl ~~ 

de toda la vivienda de valor alto se convierte en vivienda do valor medio, 

y el 20 ~ de toda 1~ de valor medio, se convierte en vivienda de vnlor 

bajo. En ecte caso, no se huco distinción entre unidadec uni 6 multifa-

Lu tasa de filtración difiere entre zonas. La taca de fil­

tración de unidades uuidl'o.rlliliares en la zona j depende del rJorcentaje de 

unida.des :nul ti far:liliares en j, y el valor de la vivienda en j : 

FIL.k = 
J 

I'V ) ( 1-I . k ) . j J 

donde FIL.k 
J 

unidades notas filtradas de la vivienda 

del tipo k en j. 

Sk factor escalar p.:¡ra la vivienda del tipo k. 

Pt·l. porcentaje de unidades multifamiliares en j. 
J 

HVj valores de la vivienda en j ó 

(2.Valor alto-rvalor medio)/tote~l de unt,. 

d3des de vivienda. 

II.k nfimero de unidades de vivienda del tipo 
J 

k en j. 

La tGsa de filtración de unidades multifamiliares en una 

zona depende solamente de los valor~s de la vivienda. 

FIL.k 
J 

Sk ( 1 / HVj ) ( Hjk ) 



La oferta potenc1al total de la construcci6n de nueva vi­

vienda en una zona, depende de la oferta de terrenos, pendiente, alracti­

vidad, distribuci6n del valor &e la vivienda, proporci6n de unidades uni­

fawiliares y úensidado 

La oferta de terrenos es la suma de los acres acricolas, 

terreno vacante utilizable y terrenos v~cantcs por miBr&ci6n o demolici6n. 

La densidad de una zona est~ definida como el promedio de 

la densidad (definida externa1nente) ·de la zona y l.J.E zonas circundantes. 

L.:.< construcci6n potencial de nur;va vi viendo ,;F" particio­

nada en unidades potenciales uni y multif~miliares y lUCEO, en unidades 

de V.J.lor ulto, medio y bajo. 

La primera ~artici6n us re.J.lizada prom~diando dos relacio­

nas : el porccnt~je'actu~l de unidades unifamiliares y el porcentaje po-

tenci::tl. l·~l ~)orccntajr..; potencial ·stó. dL:terrünado por la densidad de de-

;;.J.l-ro1J o de l.:.t :::ona. 

La ~e~unda partición depende de tres proporciones la 

partic L6n de valor existente, la densidad •ie desarrollo y 1.::;,. pendiente del 

terreno. 

Los coeficientes de absorción del terreno utilizados para 

delerl.lin::.~.r c:J nftw.:ro de unidades po tencL,lcs de nueva vivienda, varian con 

el tipo y valor de l~ vivienda, y entre zonas. 

La demanda total de nueva vivienda es la suma de las fami­

lias for~ad~s a cambiarse por causa de la demclición, y el increwento de 

LltilllL.t:3 proyectado por ol modelo de pobl<:.tcióno 

L....t Jet!.anda os particionu.da en base a juicios, en tipos de 

viviundu y ce ::::;upone un declino sccul.:.r en la proporción de unidades uni­

farnilio.res. 

~1 dltimo paso en el modelo de disLribución residencial es, 

la do L0r1'lin~ción du la locali~ación de la consrrucci6n de nuev.:.t vi viendn. 

La proporción tie conGLrucción po~encidl de nueva vivienda desarrollada ~n 

unu zond, depende del acceso al empleo. 
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VI~ION PANOH~MICA 

Lo. innovaci6n más interesante de BAS.r~ es, la tntroducción 

dt' L..t clemolicie)n y fil traci6n en el modelo del :nercado de vivienda., TJo 

hace in ten tos para rnodel:n· el co:·1portamLmto detrt.s de c.stos proce~;ot:~, pe­

ro tr~tu du simular los resultudose 

Jo 

Los cambios 011 el invent~rio de vivienda ti0nGn ~rand~~ ~.1-

plicacionos en la forma urban~ y estos c~mbios usualmente son-omitido~ de 

los ruodelos u.rb.:..tno.s. 

Ui\:·s locall.za a las farrti.li<.~.s sobre la b._lsc de un acceso 
\ 

t;loL-.tl o.l ülll!lleo. Un enfoquG alternativo es, distribuir los emple.:.J.dos de 

un ~itio de ~rnbajo puvticular sobre la b~o8 de acceso a ese sitioo 
f H''f) ., 'rrc- ) 
\. V t~ \ D.~.l u e 

Sl ras~o m~s inquietante de BASS es el uso repetido de e­

CUCJ.cioncs arbitr.J.rias, par.1. distribuir el er;:pleo y las fau1iliase Estas 

ucuucion.:s no son astir1adas v1a t{}cnicas cstad1sticas, sino oue son defj_­

nida~ en oase u juicios. 

i\.unque osta metodolog1n. puede dar buenas predicciouGs, 

prob~blsmente uftade poco el entendimiento de las Jetermin~ntes deJ corn~or­

t<.<nücü to de la. forma ospaciul de lus tí.re¿,s urban;¡s. 
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( BAY AREA TRANSPORTATION STUDY ). 

1 IN'l'RODUC~ ION 

LA Comisión del Estudio de Transporte del Area de la Ea­

hia ha introducido un estudio en tres etapas, acerca de planes alterna­

tivos de uso de la tierra y transporte para el Area en referencia. 

- La primera etapa, es un extenso inventario del empleo, 

90blación, uso de la tierra y patrones de tráfico. 

- La segunda, envuelve el desarrollo del modelo para la 

evaluación de una amplia gama de usos alternativos de 

la tierra y redes de transporte. El objetivo de esta 

etapa es, limitar las selecciones ó preferencias a un 

pequeño n~mero de alternativas factibles. 

- En la tercera etapa, estas alternativas son evaluadas 

de manera más detallada. 8sta etapa ha de senerar un 

.juego más complejo~de productos (outputs), los cuales 

permiten una evaluución m~c detallada Y. desagregada de 

lac redes ae transporte. 

bATS reconoce tres problemas de localización ~ 

- Localización del empleo b~sico, 

Localiz~clón del empleo de servicio, y 

- Localización de vivienda~. 

La primera localización es manipulada por un modelo de 

localización del ~HPL:;;o BA;;E - BEt·~OD · ( D.i.SE E!•1PLOYNEET ALLOCA'riON l-íO­

DEL ). Los otros dos problemas son manipulados en un modelo de proyec­

ción del U.'"~O DS LA TIEPRA - PLUH ( Pl?OJ:SCTIVE LAND-U.SE HOD;~L )j 



PLUt-! requiere el "producto" del EE!·10D ( Ej. : la locali.­

zación de todo el empleo base ) para localizar el e~plco de scrvivio y 

las [re~s de vivienda. La antructura ceneral del modelo es mostrada en 

el E·squt..Jua anexo en la página sigte. f:n ccte momento, ni el 13El'·10D nt 

·.;1 P.LUJJ l!an sido completados, ¡3in em·bargo, ya ha sido recibido sufici.en ... 

te material dt; ':Jilliam Goldner , Direc'tor de Invest"Lr;ación de Ei!TSC, !)<.1-

ra describir se estructura actual on detalle considerable. 

HEri'ODOLOG IA 

1 

LOCALIZACION INDUSTRIAL 

~1 e~pleo es considerado de servicio, si su localización 

espacial co determinada por la localización ~spacial de las familias, 

los rucrcu4os y l~s concentraciones dlarius de población. 

21 empleo es b~sico, si su localización espacial us dater­

minauu por rutas de transporte ínter-regional, recur3os, vincules inter­

industrla!es y econow!as de aelomeración. 
1 

En el B!~hOD, ljl empleo b.1sico est~ dividido en B ¡;rupos 

indu!;trlales ( dividiendo a su V8Z en ~ector m~nufacturcro en 5 sub-fru-

})0~3 ) : 

- HA:fUFAC'l'URA ( industrias de nueva tecnolor;ia, oficina 

central, industrias intermedias, metales r~­

bricados, pctroquimicas ). 

- TR.IU1SPOR'l'Eo 

- VENTA AL POR MAYORo 

- COHUHICAClOf·JEE:,. 

- OFICIHA.So 

GOEI E:RNO 2:0'l'ADAL Y F~;;D,-:RAL. 

- .'l.GRICUL'l.'UR:\. 

La localizoci6n espacial de cada uno de estos crupos iu­

dustrial~s, envuelvo un Droccso on dos 8tapas : 

l Los incrementos de empleo inrlustrial son ubicados 

a Condo.dos, u tllizé:,ndo un Jr!Odelo d0 "rcpart·i_ci6n" 

y "ca:nbi.o 11 • :::ntonces, es tos incren1entos son dis­

tribuidos 0ntre ~reas censales, utilizando an&­

lisis de rar;resl6n. 

2 
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El modelo de repartici6n y ca!:1bio requiere proycc­

cioqes del crecimiento del empleo de cad~ u~a de 

las industri<:ts b.1sicas ,ara la re¿:;ióo de la Dahia. 

DEMOD utiliza analisis regresivo en los datos 

1.950-65, para e.stirnar las desviaciones del c:r·e­

cimiento de lan industrias en el Conctadoe LuR 

variables independientes en este anAlisiR son : 

- Dellsidad, 

- Rata de crecimiento, 

- Acceso intra-regional, y 

- en algunas industrj_~s, eJ empleo. 

Ademls de asto, es utiliz~da una rutina de juicio ezpe-

cial, :..1 fín de uLicar la localizaci6n (tnica del empleo. ::jem!110G de es.:.. 

tas lccalizucioncs dnicas son : coleGios, universidades, campos al aire 

libre. 

~l producto de esta fase son, los empleos totales para -

cada uno de los 12 Grupos in¿ustrial~n b~nicoa, en cada uno de los 9 Con-

dados del ~rea de la Bahía. ( Ver esquema de la p~g.sigte. ). 

• 2 - La segunda fase de BSMOD, localiza estos totales 

de Condado, a cada una de las 742 Areas censales~ 

Lu rutina se basa en un análisis recrcsivo de sec­

ción cruzada, utiliza~do datos de 1.96~. Cada uno 

de los Grupos de empleo b~sico utiliza cor~o varia­

bles indopendient&s, ~lcunos sub-jueces de las 

si~s. 8 variuLles : 

-Pendiente ( 0-5% ). 

- Elevación principal del área. 

- Presencia de acua. 

- Presencia de v1as f~rreas. 

- AccesiLilidad a la población l.965o 

- Densidad de empleo. 

- Uso de la ticrrae 

nepartición d'Jl área y empleo del Con­

dado. 

Los valores "/~ 11 producidos por la ree;rosión, son mante­

nidos const~ntes durante el periodo de proyección 1.968-90. 

La variable dependiente de estn recresión es 

Z . . = ( l7;. . 1 L - ) 1 ( . 8 . k 1 Lk ) • 
lJ lJ J 1 
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8 GRUPO~~ Il'JDU.STRIALG~. 

INCREMSNTOS DE ~1?~20 
A CGNDADUS. 
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F:HPLECS TOT1\L:C::; PARJI. LOS GRUPOS INDU.S'1'RIALS.c3 
l:ll\~) ICG~ EN LOS 9 CGI·~D:';.DOS. 
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LOCALIZACION DEL SMPLEO TOTAL DE CADA INDUf­
'ri~L'\., CADA CC:'WADO Y CAD,\ Ul:A D::..: LAS 742 

1\..t?'~AS CSiiSJI..LES. 

COEFICI"SN'l'S.c3 DE ABSCI:CIOH DEL TERRENO. 

NO 

ACTUALIZA EL USO DE LA TIERRA. 

PROCEDE. 

~U.')QA O'CR,\ _A- _ 
F?EA DOND~ HA­
YA T.t;RRENO 
DISPONIBLE. 

1 

1 
1 
1 

1 

1 

1 

1 

1 
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donde i clase de industria b~sica. 

j 5rea censal. 

k condado. 

E empleoo 

L territorio total ocupado por la industria 

r-_,Asica. 

El valor proyectado de "Z" es sustituido entonces~ 011 la 

ecuación siete. : 

\ ~ 
donde : Z i~ : es el valor eati~ado. 

El omple0 es dado por 

.,... t+l 
L'.J • • 
l.J = .., t t+l 

e, .. 4- /J. 8 .. 
lJ l.J 

donde el dato t indica u3 periodo de tiempo. 

Loe coeficientes de absorción del terreno utilizados para 

convertir empleo incremontal en requeri:dientos incrementales de terreno, 

son espccificos. 

:·1 el terreno incremental dorno.ndado, es rnenor que ol terre­

no disponible en el tired., !:,~{-'IOD sirnple:1cnte actuo.liza el uso dP. la tierra 

de empleo y procede. Si el incremento es mayor, el cambio de empleo do 

la industriJ. con el "Z .. 11 mfl.s ho.jo, e:s re111ovicio dol tirea y es localizado 
lJ 

en otras, donde h3ya disponibilidad de terreno~ 

'~r·lPLEO DI~ S l~RVICIO Y VIVIENDAS - PLUH 

1'o.nto la localización del empleo de servicio co"no la de 

vi vicndo.s, son uetor.ninadas por FLUf·J, el cual utiliza las proyecciones 

de empleo y lac localizaciones del empleo basca 

Aden~s, PLUM hace uso de información exÓGena de a~encias 

'locales de planificación. ( Por Ej. : información para la det <::rmino.ción 

de los limites m~ximos en la canti&ad de tierra disponible ). 

La idea bll.sica detrás de todas las localizaciones dcl 

PLUJ~ es, que allf uct1 al~una funci6n qua da la probutilid~d Je ~uc un 

individuo trrJ.bc.Jo.ndo en "i" vivirá a "t'' minuto~; de "i" 6 comprará en 

(un comercio u. "t." m1.nuton de "i". Lo. función de distriLuci6n ~t-;u~1ida 



pura todos Jos cucos es la aigtc. : 

= a-;.3/t e o 

donde : Pt probabilidad de un individuo viviendo a 

menos de 11 t 11 de su lur.;ar de trabajo. 

A f!n de det~rminnr la probabilidad para alc~n intervalo 
11 t 11 a 11 

( t +K) 11 , es nec <O ~~ario evaluar 1~> di fcrencia entre la pro balJili,dad 

acu:nulada en ( t +K) y t o 

1 

Formalmente esto es 

p(t,t+k) 

donde p 
(t,t-rk) probabilidad de un individuo viviendo 

en el intervalo t a ( t +k). 

1~stas funciones son ajusto.das separo.damente para cada uno 

de los 9 Condados, con datos obtenidos de entrevistas realizados en las 

vivi.andas. Las funciones de viviendu- trabajo, vivienda- comercio y 

trabajo- comercio, fueron estimadas separadamente. 

Las funciones estimadas pura lo~ condados, son aplicadas 

eut0ncc:s o las z.onu.s del condado, a fin de derivar tres matrices de pro­

b~uilidndcs ~ara cada uno de los viajes a cada zona. 

:n lugar de ubicar el .;:npleo Jc ~~ervicio,. PLUH hace uso de 

una vo.riante en "la base de b~cnica t•:Clltiple". Sn lucar de relacionar 

clmpleo de servicio con empleo Lase, PLUM lo relaciona con la población 

base, ..:G to es, t:mpleo b~sico m{ts l::ts f::unilias de _lo::; empleadoG b~si co-s. 

PLUH obt i-ouc- lo 'ultimo, di::; tri huyendo los empleados b5sicos on zonas 

rcsidcncio]cs, de acuerdo ~ un~ m~triz de probabilidades de distribución 

vivienda a trab,:tjo 11P
5

11 , y aplica.ndo luer,o, la proporción hü;tó:!:'ica de 

1~ poulación que no estd trabaJando en cada zona. 

,;::.; tas dos E: to.pw:; son 

donde vector de viviendas de los empleados bdsi­

cos por zona. 

r
5 

watriz de las probabilidades trabaJO a vi-

vienda por zonas. 

e 1 vector dÓ vmploados base por zona. 

5 

e 
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' ' ' . 

donde 

~l = ( L - I ) r 1 • 

6 lb t "'"d ,¡ poblaci n de emp eo ase no rauaJa ora.·¡. 

matriz dia~onal de población por empleado. 

y por zon::t. 

I matriz unitaria. 

r~l muJ tiplu.cador es deterr.lina.do untoncL:s cor.w 

donde 

K = r. 1 ( 1 ·'3 e
1 

multiplicador base. 

E~ empleo no L5sico total.en el §rea ( obteni-
:; 

1 

do exócenamente ). 

empleo base total. 

población total relacionada con el empleo 

base, que no se encuentra trabajando. 

v<::ctor unitario. 

Aplicando el multiplicador Lase u la población no traba­

jador~ rclaciun~da con el empleo base, a zonas residenciales y empleo 

base a zonas de empleo, cener~ demandas pura el empleo de servicio por 

zona.s : 

donde : d4•1 

o 

o 

denota el vector de de~anda por zo~as 

para l-a población que sirve a lo. r-obla­

ci6n base no trabajadora. 

vector de demanda por zonas para el em­

pleo de servicio que sirve al empleo ba~ 

se en sus +ucares de trabajo. 

:·e asume que el rnismo multiplicador genera amba~3 d0u:randas, 

tanto de la vivienda, como del trabaJO. 

Zl próximo paso es, localizar el empleo de cervicio por 

zonas. Esto se realiza multiplicnndo los dos vectores de demanda para 

el empleo de servicio, por la matriz de probabilidades zonales para vi­

~iendns a comercio y trabajo a comercio. Tal como so ha descrito ante~ 

riormente, cada una"de estas matrices de probabilidades es derivada de 



funciones separadas de localización. Los c~lculos ~e mu8stran corno sicue 

donde 

= 
= 

vector del ellipleo de ~ervicio que sirv• 

a la población relacionada con los ernpJ~os 

base (noblac.no trabajadoru). 

vector del err~pleo de servicio (~ue sirvE: 

al empleo Lase. 

r
4 

matriz de probabilidades ~e vivienda a co~ 

rncrcio ~ 

.P2 matriz de probabilidades de trabajo a co­

mercio. 

Finalmente, el empleo de servicio total por zonas es ob­

tenido por sutaa toria l~el empleo ba:~ado en el trabajo y en la vivienda o 

= o 

donde : e
3 

: empleo de servicio total. 

J~stos valores son equilibrados zona por zona, de o.cUGl'dO 

a las proyeccionos del área, bUplidas exóeenamente a PLUNo 

e 

donde 

(l) = E-..: 1 l o 
./ e3 

e3 " = e e., (1) .. 
;; 

suma del vector del empleo de: serv lr.:to. 

vector aju:::tado del empleo de eorvicio. 

7 

El vector del empleo total en los lugares de trabajo, es 

obtenido por adición del 0mpleo de serv1cio ajustado al ompl~o base deter­

minado exó¡;unantcnte~ 

donde 

= 

vactor del empleo total en su lu~ar do 

trabaJO o 

Dado el empleo total un su lucar de trabajo, es pcsi~l8 



ahora reaplic~r 1~ matriz de probabilidadc~ de vivienda a trabaJO , P5 , 

y deterni.nur Jos trabajadores por lur;ar de re,;id3ncia, r 6 • 

Aplicando la proporción de población por traLajador por 

cada ~ona, L, es posible deter~inur la población total no lrabajndora, 

q 6 , por luG~rec de resi~enciao 

r:tanera si::_te. : 

Estas operclciones son mostradas de la 

= 

2s necesario entonces, ajustar esta población total no 
1 

trabajadora con-la dada ex6Genamente al modelo. El factor de corrección 

es aplicado a cada población no trataJadora do las zonas, y la población 

no trabajadora aJustada es afiadida a los irabajadores por lutares de re-­

sidencia, para daterminar la población total de las zonas. 

~sto3 pasos son sintetizados como : 

donde 

= Q6 1 1 
q6 

• 

área total de 1~ población no trabajadora 

determinada exó6enamonte. 

suma de las zonas de noblación no trabaja­

dora. 

= 

donde q6' : vector ajustado de la población no trab_a- __ _ 

jadora. 

n , 
6 = 

donde : n
6

' vector ajustado de la población total. 

Un cambio en la población on cada zona, sin cambio en el 

nOmero de trabajadores, suciere un c~1bio en la población por trabajador 

(L). Lue¿;o, acurniendo un tautaflo familiar constante, los cambios suce­

ririan un ca~bio en los trabajadores por vivienda, (F). Sste es el Qlti­

mo valor ajustado que os utilizado para calcular el nQmero de viviendas 

en cadv.. zona. 

h = F r, • 

8 



donde vector a~ vivicnóa~ en c~da zona. 

r 
6 

vector de c·r~ploados base por -L ucar ele reG~·­

dencia. 

F matriz. cliacorw.l de viviendas por et11plead::-· 

base. 

Con el empleo base, el de servicio y las vivi~ndas locali~ 

Z.:;!das por zona, el próximo paso' es, a:!Jllc.:tr coeficientes de a·csorción df; 

terrc:.o n cada 1una de las o.ctividades y llevar loE¡ "rccords 11 riel uso c~r.: 

la ticrro.., ~1 terreno no utilizable 2s sustraído primero del terreao 

tato l.. Incluye tierras na turalmcnte inadecuadas) tal8s co111o, tierra<> i­

nundadas 6 con dema~iada pendiente 6 tierra en la tual ~e prohibe ou u~u 
' 

debidc <..~. politicu.s pCtb1lcaso 

El uso de la tierra del empleo ba:::;e es su:nir!is':ra.do a "?LU>I 

y aceptado sin cambioo Sl uso de lu tierra del empleo de se~vicio es a-

su:üido pri::1oro que i.!l uso residenciaL 

blc po.r~ el uso residenciala 

21 terreno recidual os di2pOQi-

Cor11o G3 aparente de la descripción de la localJ.zación de 

vivi-::ndas, la disponibilidad de tierra no es considerada come un obli~a-.., ~ 

~' V 

ci6n. s~ po3ible que, dado el coeficiente de absorción de t~.erra para 

vivicnrlas, puede ser distribuida en alguna zona, rn~s tierra de la que es 

disponLLle nctualmcnteo 

PLill1 .tiene una rutina para ajustar la tierra localizad~ 

6 de~;t in~da a u:> o re&id8ncial con la tierra dü. ponible. Pr:imero 1 la cu-

9 

pacidad pre3entc on t~rminos del nümero de viviendas es definida dividiGn­

do el lnv0ntario presente de Lierra residencial y vacante~entre la matriz 

de absorción de terreno residencictl 

donde vector de las capacidaties residcncialGs de 

las zonD.so 
;\.... 

ar vector del invent~~io actual de terreno re­
) 

sidencialo 

an~: vector del inventario actual de tierra va­
u 

cante. 

Ac matrj z dinc:onnl de los coeficientes de D.C:3C.'t'-
;; 
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ción d0 terreno rosidcnci~l. 

Luoco, GOn definidos dos vectores de capacidad de utiliza-

ción el pri~ero, ~!. 1 • la capacidad de utilización inicial y el se~un-

do, la utilización después de que las viviendas han sido localizadas por 

PI,m-t D 

y . .;1r = h.* 1 c. "1< 
L l. l. 

1 '" xi = h. r.. ...¡-

l. l • 

donde h. * viviendas iniciales la io en zona 
l 

h. viviendas !lroyec tu.da.:> en la ZOI1c..l i.¡l 
1 

yi * capacid.::.d de u t. i 1 L z :J e i 6 n actual on lé..t 

zona i. 

xi capaci·dad de utilización proyectadu. en L 

tüentras que los elem~ntos del vector y* deben ser, meno-

res que 6 iluale~ a 1, los elemento;. del vector x pueden ser "0" 6 alr;fm 

valor po~itlvo. Cu~ndo al~On elemento du x en m~yor que 1, es locnli~~dJ 

mfis tierra residencial a esa zona, de la que es disponiLlea 

8n lu~ar de ajustar la distribucu16n esryacial proyectada 

de las unidades de vivi-2nda y sus requerin.icntos de tierra ascclu.do.:~ con 

la tj.erra dü>l)únible en cada :con~, PLU!·J defino primero do::; transforr:J:,cic·­

n os de 1 os e 1 e 1.1 ,J n t o~' de x : 

( x.-1) 
yo 1 - e 1 

= - e o 

( 2x.-l, 
y.oo = 1 - e l. ' - e o 

l. 

Tanto y. 0 como y. 00
, son siempre mayores que 6 icuales a 

l. l. 

lt10nores que l. 'l'ambi~n, excepto cuando x. =O y 00 es mayor que 
l ' i 

Jo 

Las densidades residenciales zonales y ~~s capacidades zo­

nales, son ·ajustadas en el !!Odelo para re flo jar cambioE; en la der11anda re­

sidencial. .-·i y1o os nayor que yi. ';!( , lo. proporción de capacidad desar:co­

llada inicialmente, la densidad residencial zonal es ajustada como sigue : 

donde 

= 

dansid~d residencial oricinal en i. 

coeficiente de transformaci.6n de doncid~d. 

d~nsidad r8sidencial ajustada en io 



11 

.:i yio es menor CJ.Ue yi""' , ci
5 

es mantenida con.sL.:::.nte. 

Los coeficientes ele Lrctnsformaci6n de densidadc;s son deri-. 

vado~ p.:::.ra cada uno de los 9 condadGs en la raci6n, utiJizando nn~lisis 

~1 vector a
5 

es utilizado para definir una capacidad zonal 

ajustada, e'es c
5
'( ac~ a~~)·. Utilizando esta capdcidad ajustada y 

/ o 
l.:1s tneLÜClO!J<..;¡_, previarnen te J.eri vad..t:..; de la proporci6n de la cap.:1cidad dc-

sarl·ollo.dtl, y 1 y yoo, son derivGdos dos vectores de localizaci6n de vi­

viond~~·, : hO'= yo e* y }130 = yo o e'"' o 

1_;:1 vector lr.) 0 es considerado una localizaci6n "de m[txi:no 

l:Luito", y ,w utilizada en la sigla. forma: 

VI = 1 
lh - lh0 

\'/, e e una es cala, le:. cual cr: n tilizada para der l var un ve c­

tor lluevo de pro~orcioncs de desarrollo zonc:tl, 

x'= 
C' 

Los elementos de 2ste vector son transformados cntonceF, 

para J~riv~r lJs proporciones finales de desarrollo zonal : 

y., = 
l 

( x~-1) - e l l-e • 

La loco.lizaci6n zonal de vi vienda3 es deter1ninadu. por 

h" = y'C' 

Esta rutina de redistribución, cambia por Gu~ucsto la con­

fiLuraci6n espacial de los residentes u1npleadcs y los residentes que no 

est~n tr~~nJando. Csto requiere la re-calculaci6n y ajuste de estas va-

riables, a fin de hacer consistentes los totales zonales. 



1/I.S IOH FANCJM1ICA 

Los modelos BATS han sido disefiados para ajustar dos pro­

pósitoo frecuentemente conflic~ivos de modelaci6n de usos do la tier~a. 

Primero, los modelos fuero~ dise5ados para ser u~ instrumento dG planl­

ficacl6n inmcdi<üamente útil. Ser;undo, han sido diseñados para pcr1n..i tir 

la rclaliva~anto fácil introducción de los resultados de su prccrama con­

tinuo de investiucci6n, en el cor•J:!_Jorta:ni en to a ser modelado o 

Un ~rea en la cual lo. iltvest~.¿__aci6n scrL.t vo.~ io~;a es~ en 

la localizaci~n del ompleo du 3~rvicioa 

1.2 

Parece cuestionable aplicar un multiplicadcr de área u Lodc: 

lou u~J~l~ados L~sicos y todas cus fa~iliaco Icualmenlo, parece cuu6lio-

naLl~ GUGurlr que el mismo multiplicador so sostcndria 6 mantendria parn 

tr<..~.bu.j~dore.:.=; y ·~u:J .sitio...:; de LraLaJO y no tro.bi.ljac!oreL ~, :::us r<.::~idenciac • 

.. ~st..:< L~U!)QCicl6n implica ·-luc, lo~~ é"i,[lleados hac2n todo~· CUF ca~,to.: \~l1 f'UCl 

sitio...:; ue tr~bajo y que uctos Lastos ~cneran.el mismo roultiplicador, asi 

co.uo el re.~to del consu!Llo pcr-c~pi to. de la fu:'J.Llia, cm lar . .::i tios d.:; rc.si-

dencla. ~;:::; to .:;::; o i~vio que lo::; reoul :.:.tdo~; de i n.vc;s tiu.:..cio:J es fu t ur.:::.s do 

dc~>o.c.rq;aci6n del mul Lipl icador por Li po d·::: Lr~~Lajador, '~i ti o de tr.::.bajo, 

inLrc:.o famili~r, tuma~o familiar y localizaci6n residencial, pueden s~r 

f~cllra.::uto ud ... 'ptados por insumo dentro de PLmr. 
81 modelo podrfa incorporar f6cilmente, los resultados de 

iuv~"~li~;acitn, u ti l i:c.o.ndo la misr.u. clct!:;e: de dc;3.:.:\Z"~r?cac:l'6n para lns fun­

cion-e::, c~c; locaJización de vivienda a tral.Jajo, trabajo a cornurcio y vivien­

da «. COJrJ(?rcic. 

PLUM introduc~ cam~ics an lu densidad rosidonci&J, con 

caJ'l~ Lo:, e: a la e:xtcHcL6n del dc~~arro ll o ctc 1.~ tierra, pero no toma .~:n cuo:n-

ta lo:; cawLios • .;n la den~, ic!ad de empleo. ··::;t:J. aslmotr1a :~u:...iurc que de-
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Ah>lracl-Th~ paper '"'u me<; th,ll thc gcnrrJI relatlon>hlp hetween liJn,portatLon and land·tbC m<~ y he defineu 1n 
tcrm' of thrte pttmary componen!' (1) Econorn1c ,tCllvily (1 e. employmenl), (2) Demograph1c activ1ty and (3) 
'1 r,m,port.tlhHl f.tcllillc' Aftcr .1 hnd 1n1roJuctor) -,,·rthm, thc 'ccond 'cdl<lllof thc p.1pcr •·ont.lln' .1 rcv1cw <~f thc 
,¡.¡le nf thc dllof mndel' ,,; cconorn1c alloVIlY I01 • .1IH>n 1 e miiJ-urhan cmrloynLLnl fniCC.i\ILng 1hc llmd \Cdh>ll of 
thc papel '""'"lll' ,1 rcv1~w of thc ,¡,,¡,. uf th: .111 of mod:l'> uf demngraph1c ;,,·tiVIly I<K.iliDn, 1 e Lnll:t-urhan 
~"pul,lllllll forcc.l,lmg 1 he lln:d \Cllllln of thc p.opcr hegHl\ W1lh" lllld Jc-..llpllon of urh.m tran,portauon nell"llrk 
moJel, The v:·:llt>n and p.1p~r are tht:n cnndutkd 11 11h " tli>UI>\I()Jl 111 J'D"•hle •ntcgr<~tcd l,~nJ-u,c .ontl 
lran,pnrl.llltln modcl pado[:C\ 

l. INTROiliJCT!ON 

Thc proce ... ~c' wllll:h tklamtne the louttwn of acttvltte' 
tn metroptllilan .tre"' have been of ~omc tnlere\l lo 
planner' and 'cien11~1' of vanou<; di~Ctpltne'> for almo~! a-. 
long a'> there have heen '>Uch ateas for them lo puzzle 
over However, 11 wa'> nol unttl lhe developmenl of 
clt:cttontc dala proce,smg equtpmenl and di'>'>Cmtn<Litnn 
of lhc a-.,o.:ialed mfotm •• tion pmce~\tng c~tpahiltlll''- that 
11 hcl'ame po-.s1blc to evcn consider empmcJI tc>lmg of 
'tHne of thc thcone' whtch have hcen dcveloped 
tcg.11dmg lhc ltlC.tllon of t:te~c acltvtttc' Hegmnmg m the 
ll)'\0\ wilh mcttopulltan tran-.portatwn -.lut.liC\, there 
h.tvt: bl't'n numcrtHI\ allcmpl,, wtth vo~rytng dcgree' of 
l'lllllplnlly .• md wtdely varyt'lg dcgrec, uf '>Ucce-.,, lo 
f(ll l'L·"' the~e phenumena By tht: mtd 1960\, a number of 
r.1th.:r l;11 ge dftlrh mvolvtng lhe u-.e of compuler 
'>~mui.Ltion tu forcc.l'>l metropulltun dynamtl'<;, had bcen 
undcrtal-c·n 

Pattly hecau,.: uf the over-optlmtsltc oullook uf lhetr 
cr<.'.lltlr,, ami p.trlly tlue lo lhe unreali~ltc expecl:Jlllln, of 
lheu r•>lenttalu'er', many of lhe~e early etftlrls were nol 
par11, 11lo~rl~ ,u,¡;c.,...ful The '>ttuatton wa, further l'om­
poundt:d hy a ha '>le anllpalhy loward-. the fundtng of ba\tc 
tC'>t:.lrch 111 tht~ arca. antl ,t con,e'-luenl necc'>'>ity for ha'>IC 
rc,e;irch lll he 'qucczed ínto purporledly on-ltne, applled 
modclllng l'lft~rh Dne potnl, however, whll'h wa~ made 
b} the c;11ly prnponenh of the~e lechmques wu, that the 

*Pn~'entet.l Jt th~ Sccond lnter,ot:lety Conference on Tran>por­
tatltln Dcnvcr. Color.1do, Scptemher 1971 Th1' p.1pcr w." 
pr~pJred ovcr .1 penod uf >evcral months and w." thereforc 
p.ut1.LIIy "1pponcd hy 'everal contrae!> The U S Dep.trtmcnt of 
Tran,portallon. Fet.leral H1ghway A.dmm1stratron, Urban Pl.111mng 
Dl\1\hlll ""llr.•cl No DOT-FH-II-7X41 re,ulted m .t rcporl 
enlltleu "Thc lru,·n~l.tlion\hlp' of TrJn>port,IIJt>n Devclopm~nl 
•• nt.ll .111t.l Dcvclopmcm' , p.trt of wh1ch" ,umm.mLed 1n Secll<~ll 4 
ol th1' p.qJcr Othc1 'uppm! w"' umkr U t; Fnv1ronmcn: •• J 

I'Jolt'dlnn Agcnc), Ollicc ,,f Rc,ear•h and Momtnnng cnntr,¡LI 
No K-Xfll-171 lo thc 111\llllltc of Fm1wnmcnt.d 'lli~thc, cnt1tlcu 
'Re• ICW dnd Pllot Pro¡cLI m Urban ;\lnt.lelling", and untlc1 
N.llltm.•l Sc1ence FounJauon Gran! Gi-38978 to !he Dcp.trlmcnt d 
C1ty .llld Reg11mal l'l,ummg, en11tku "1 o~bor;1tury Te,tmg ni 
P•edrc'll\c \lodel' An FvJiuallon of ('o,¡ Effe.:11vencs'' 
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mherenl compkx1ty of metropoltlan ,_y,tem ... and the 
rt:\pon~e of tho'c -.y-,tem> lo exogenotl'. mftut:m:e, '>LICh 

a' the naltonal or regtonal economy and/or locJI poltcy 
a<.ttons, was -.u great a-. lo make ti mevtlahle thnt thesc 
technique> woultl be nece~>ary for any lhorough, 
rea,onnble, an.ily'>IS uf lhe problem\. Thal thts pomt wa> 

~ 
true seem~ lo be horne out by the more recent re-.urgencr 
tn urb.tn or metropultlo~n \lmulallon modelling cndeavot, 

lt '' ~;ud lhat tf nne, or 111 th;, case m.my, do nnt learn 
from ht,lory thcn they wtll he cundemned to repeat 11 
Th1~ 1~ very much the ca<;e \~hen 11 wme' to urban 
"rnula11on mude l-. Unforlunately, many modelltng efforh 
are vcry pomly doum1cn1cd Sub'ClJUently the detall-. uf 
lhc-.e efforh ,tre ftllgotlen, and at thetr t.ondu>~on, wllh 
the >callenng of the people who dttl lhem, a great t.leal of 
mformalion 1s frequenlly lost Tt ,, wllh the hopc of 
helpmg va11ou~ per-.ons and agencte> to avotd t epe:.l!ng 
'ome of the p<l'>l enur~ or bltnd alley'> m u1ban modellmg 
lhat revtew-. <;UCh '" th1' are prepared Consequenlly, lhe 
mtenlton here t\ nol to ptovtde spectfic pntnl by pum! 
comp.tmon<; uf vanous mode:s and lhe prect,e equdliOn> 
hy mean~ of wh1ch thetr forecasls are rnade Rather. brief 
revtew~ of lhe general ':tlructures of a number of dtfl'erent 
urban mndels ure presented Sorne modeb are presented 
m more detatlth.tn m olher'>, when ti >eetm th.tt liH:r~ are 
pLlinl~ of mlerest worlh noting for fulure mve,ltgatwn In 
gt:neral, howevcr, lhe mlent1on hds been to g1ve a Ravor of 
what ha~ been done and sorne notton of the chronologtcal 
order and general ftow of thought m lh1~ tic id o ver lhe past 
de¡;ade 

The rematndcr of lhe paper ~~ tltv1ded mto' three 
\t'Cltons The hrsl of lhese, SecltOn 2. ;~ a des..:nplton of 
thr 't•le-of-the-arl of models of economtc al'ttvlly 
lo..: al ton, thatt~, tnlra-urban employmenl foreca-.ttng Tlw, 
1" gtven fir,t m a' mucha, tllend<; lo be the dnv1ng forle 
hchmd hou~ehtlld I.H:atwn tn most urh.m ~lmlli<Liton 

model' Se~tton 1 of the paper "a revtew of lh~ '''"'te-of­
thc-.Lt t of model~ of hou~ehold loc:atwn The final ~eclton 
of the p.tpel, SeL11on J, o~fte1 g1vmg " ve1 y bnef 
dc:.,cnptwn of urban transportdtton nctwork modeb, 
de-.Lnhc' the recent developmenl of nn mtegrated laud 
u'.: ant.l tr.ubpottatwn pat kagc 



/ni rodlt< /lott 

1'1/ 111 \-l'llJIA'i J"MJ'I OY,\!FI'H 

1 O(' 1 1'10" ,\JOilFI '> 

The prtlLC\\C\ wh1ch re\ttll tn the 'pattal Ul',trtbutJOn of 
employmenl 111 urh<tn .trt:.t'> .tre .tnlllng the mnre 1mpn1 t.tnl 
ph.:nomen.1 111 the u1h.m ... y ... t~nl To date, wtth lh~ 
p<l,...,hfe C\Ll'ptton of thc tetat! \éLl<lr, <~ltemph 10 model 
thL'\t: pllllt'"é' h:tvt: h.:.:n only,po~rtt:dly \UCce ...... ful M<~ny 

dttcmph at urban modelltng \ldestep the ptoblem by 
a ...... urnmg lhat large portton... of, or all, urban employment 
.tcltvlly ¡; cxogenou ... ly (Jo th.: modcl) detefnllllCU Thc 
h""' for Jh" ''''-tflton "freq11entl} nol well developed. 
oltt:n h.:Hlg tbe re-,ult of f.tlher mltllltve feelfflg' of thc 
lllllLkl h11tlder .Lhoul ha-,¡c .tml non-h:htl' emplnymenl 
C f,h-,tf IL .tll< lfl'-

'f hl· d.:ternlfn.tlfon of wh1ch type\ of employment are 10 

he tfiLiliLkd 111 tbe moJel, .md how they o~ re lo he handled 
'' " kq deu\lol1, u,u,dly maJe e.1f!y 111 employmenl 
modelhng dTort' Con,equently the quc-,ltlll1 of employ­
ment type' '' Ulltcal. tf ftH no othcr ft'.t\llll th.m lh.tt 
h.l\l'd tlll thetr deftntlttlll\ \llflle ... e,·tor' \1 t!l he tn.tpprop­
rt.tlel} modclled or e~en t'XLiúded from comtderatJon 
M:tn} Ll.t.....,tfiL·atton' \lt'm from economtc ha,e theory and 
1mpkmenl.tlton of eutnomtc ba'c ... tudte\, ami a' \Ltch are 
ddtned 1n lenm of the tndu,try\ outpul In lhl\ \CCIJon ot 
the p.tper, .tfler a h11ef di\CliSWlll of tht\ cloi\'-'ficalton 
prohkm, a number of the more tmportant modelltng 
.tllemph are revteweJ 

If 11 ' ' '"'umed th.tl every employment type m.ty he 
con-,drred ·" performmg three pnmary actfvltte~· (a) 
procunng, (b) prtlCC\\Ing. IL) dt'ilnhullng, then hy 
Lh.tr.tl'len7tng the II'"Y' tn wh11.:h the-,e functJon' are 
pclftHfl!ed b} dfffaent employment type-,, anotber ba~f'i 
for cl ..... ,lftLalton m.t)' he Jenved (Hoover, 194R) 

The prtm.try .tLitl tite\ m.t} he defined .~~ follow~ 

1 Thl' proLttrl'tllt'lll .t\peLI tnclude-, everythtng .t\­

'OLL.tlcd \\flh <lhl.llllllll! the Lt:ljllffed m.tten:ti mpuh ami 
gcllmg tht:n't ''' the lu:.,,,,ln wht:re thcy .tre lo he U\CU 

::' 'l'flt: [lfOl t:"ill¡! ,1\pt:LI flll fltdC\ ali !he l'O\h of 
pt:tltH Llllflg wh.tteva proLC\\illg funLiton the employment 
perfotm' For ex.11nple. m <~ manufactunng ... ectUI 11 
would mLiude co\1 and avafiahfi1ty of land, l.tbor and 
c.tpllal for produLtton In a \erv1ce sector, 11 would 
mdude the ... ame t:o'>l~ hut would undoubtedly he 
dommated by the labor co'>l 

3 The dt,tnhutton a~pect mclude-, :di the co''' 
:.t\\OCt.tted wtlh the ,,tfe .md Jehvery of the product 11r 
functton performed 

At the 'ame 11mc, .md for each employment type. 11 1\ 
neLe\\ary_ lo con\fder whether any or all of the~e elemenh 
of .tLitvft)' are 1ntra-ur/Jan loe atwn determm..tnl\ Thall\, 
to cl;¡"¡fy an employment type accordmg to thl\ ... cheme. 
11 mli\J f_Ír\1 he detcrmmed whethcr the part~eular ol\fléll 
of employment .tlllVtty (1 e p10curemenl\, procc.....,mg, 
dJ!-.lffhfflton) '' nf localftHhti Jmportanle, then 11 mu~t he 
determtned 1f there .tre ... uh-.tre.t lo \llh-area dttfe¡ence\ 
wllhm urb.tn .trea' wl11t:h wfil atfect the perform~tnLC of 
lht\ .n:ltvlly 

Actore proceedtng w1th further di't:U\\IOn, " note 
reg.trdmg the modc:llmg of employment locatton a'> 

opro,ecl, e g lo ,ale, llf v.t!ue-added local ton. L\ 111 order 
Thete are tll->1 llH"- dl'-advantages concnmtr.tnt 11 11h the 
11w of numher-, of employec<; a~ a mca\ure nf .tL'IL\ 11y 
leve!~. mo>l of whllh \Jem from the nonhnearJIIC'- tn e<teh 
employment type '> employee/output rel.tttomhlp\ ( 1 e 
tnherently dffferenl prodttct1on functton'l Con,equently, 
when the\e foteL"''' of econom1c a~.:ttVfl}. ,J\ repre,enh::d 
hy cmrloyment tnt.t! ..... 11e u-,eclm turn ro gene1ate other 
loreL.t\1\, ~.:erl.ttn llll'llfl'il\lencte\ are mtroduced 1nto the 
¡e-,ult~ De,p11e ih" employment " the me.to;ure mo't 
often '"ed, for the ~mgle overwhelmmg rea,on that 11 IS 
!he only mea ... urc for whtch data are avatlahle If othe1 data 
Wl'fl' IP heu1mc .tl.lli.thlc, tht::n re,e.tJLh tnltl thctr 11'-t: "' .t 
more :tpp10prt:tll' mean' fo1 modelltng the mtra-urh.m 
localton of economtl' .tt:llvtly may be Jll'ltfit:d For the 
pte,enl .tnd the tmmec!Jale fulltre, employmcnt wt!l have 
ltl umltntte ltl he thL umt nf me.t-,urement 

Thc followmg di'-Lli\\IOn "'~ume' th.tl !.tl tite prohlem 
hettl~ addre\\ed lwe 11 tlldl ,,j 11/lllll·tlret/ 111/ra-ur/llllf 

rm¡>lo\'1111'111 /o¡ ullolf a11d tlwt (h) 1 1/l'll'lde tnta/1 of eaclt 

em¡>/oymelfl 11'/li' ure e\Ogmoull\' deter/1/llfed The'e 
te,ILILII0/1\ havc .t ,Uh\l.tnttaltmpacl•lll thc n.tlllre of !he 
p1ohlem Ay re~tnl'ltng the prohlem lo 1/flra-urh.m 
ltlL,tlton, mter-urh.tn or mter-regum.tl compansons are 
ol11't.tted thal 1\, many loutlton decJ,Llln\ con ... f\1 fir\1 of 
'eleL·tmg " regton or a metropolnan .tre~t 111 wh1ch lo 
lnc.tte, .md -,eclltld. of 'elect111g a \pec¡fic '''e Wtlh111 the 
Lhtl,en .tre.t The df\CU"1on pro~ented here focu'e' only 
on the l.tlter of tht: two pan~ of !he problem The fir~l par! 
of lhe problem '" an 1mportan1 p.trl nf regto11al 
cmrloyment model~ .tnd ~~ df~CU'i\ed e!...e11 he re (Putman, 
19ó9, 1970) In .tddJifon, 11 " a'>'umed thal wnhm the 
urh;,n .trea. the \17é of the sub-a1e.t\ hetng con\fdered 1~ 

rd.tttvcly ~m:til, hemg of the ordt:r of cen~u, trae!\ 
The port:on of ihc: rroro~ed l'l:l"ffil'.iliOn \l'heme 

Whilfl Je,tf\ Wllit tnlf.t-urh.tn JtfféfCIILe\ 1\'llh reg.trd lo 
dJ,Inhutton, refer\ to the locat10n of "m.trl-.et'" and the 
tmptH l.tnu: of thetr local ton ro thc empio} n~c·nt \ector 
h~tng con-,Jered F\1-,llng modei' of urh.tn l'111ployment 
dliliiJY oiiC ftClfllCfllfy da.....,Lficd hy iht: \Clllli'> whtLh they 
allempt lo modcl. e g retaJI, manuf.tclunng Drawtng 
uron the Jf\CU\\1011 ahove. f! can he 'een thar an 
alictnaltvc Ül\\fficalfon of ex1SI111g model, c.m be made 
hy .malyz111g the means by whtch "market~" are 
u>n\ldcred tn them Under th1~ \Cheme. tltere are wme 

rmplorment type1· who1e /ocatton ll'ltltin tite urha11 area 

u·tl/ he 11/lllket-ulf~f/lve allll some JV/to\e loca/ion wilftto/ 

Tk model' rev1ewcd here are con\fdered .tCLOrdmg to 
thf, Lf:L\\IflC:tliOn 

Mude/¡ of No11- Market-SeiiSiftve Lot a/11111 
Ftr<;l, 11 nlll\1 he reu1gmzed that the mtlLkl, d!'>Ctf\sed 

here .tre not nece\\anly non-market-\en"tfve 111 the1r 
comtrucl\, hui rather they .tre con\fdered by thetr .tllthor' 
ILl he capahle of producmg forecd\b of non-m..trket­
'emtlfve employmenl locatfon 

Mn\1 mtJa-urban employment model' have a~ the1r 
opel.t!fonal procedure .t "cOnltnuoLh funlltnn .tiloca!fon" 
Pl<llC\\ Thc'e modeh. wllh few exccplton .... havt: 
ha,tLtlly m.trket-\Cn\IIJve cnn ... truch. they .tre menlflliled 
hcre becau ... e they ... omctunes tnclude non-marJ..et-



~em1t1ve employment types a~ well a~ markct-sens1!1ve 
type~ One exct:pt1on ~~ the LINT 1-. mode! ('le1dm:lll. 
t·Jc,Y, pp. 11~-1110. dcvclopcd to forecn~t the locat1on of 
manufacturmg employment (which i~ predommantly non­
market ~en.uive) hy srnall area Th1~ modcl fir~t ~p1ead., 

the reg1on,d growth 1 ate of a g1ven ac!IVI'Y o ver all 
'>llh-:.~rea~ Then, ba-,ed on sub-arca ~pCl'lfic mc.t~ure~ of 
"attraL!Ivene~~." the model reallocnte~ the growth lo 
duferent '>llb-area' m pr,1port10n to •helf attrawvenes'> 
Whlie tc~h nf thl' model were rnoder,nely .,ucre.,,ful, l!\ 
h1gh level ,¡f .,ectm :.~1 aggregat10n and 1t~ m.tbil1ty to 
con~ider d1• e rete facihty location are 1rnportant defk1en 
c1e~ Th1~ i~ parllcularly the ca~c where íe g :n a wholly 
urban reg10r) the ecor.om1c ul!nhute~ (1 ~ deteJmlnant<., of 
growth) of suh-<1reas are '-li!Ticlently s1m11<,~ ,1.., 10 result m 
thc model'\ hemg capahle of foreca~tmg only '>mall 
regul¡¡r change~ m all ;,uh-area~ rathcr than the d1~crete 
m egul.1r ch,mge., \lhlch '.o 0ften occl'r 

t\nother Ctln!JnLH;ll\ runCIIOn :JlJocation m6dei ,Jc_,¡gn..:d 
;,pecifkally 1 ;lr furce<l'•lmg nrm-m:~rket-'>.::ns.dv~ <. mploy­
ment '' N<tth.m,on\ REMOD (Nath:m,on, 1970¡ Th1' 
moJel wa\ developcú al tbl;' Bay Are,t Tntn'>p,,rtatlon 
Study lo pmv1de ha'll' cmployment mput~ to their PI. U M 
popula11on and non-ha\ÍC ernployrnent model ( BATS, 
l'i6XJ Ba,ett upon lCfi<~Jn attrihute' of eal'h ,uh-¡,¡e¡l, ;, 
\Cctor tcmploymcnt type) ~pec1fic ~corc or mdex ,., 
calcula!t:d for lhe \llh-area When ali -.uh-area .,core' ha ve 
heen computed, thc reg:o11w1de growth or de.:h~e for ea¡:h 
employment type '' a!located to lhe 'llb-aJea<; ..t~ a 
fund1on of thc "'c1>re" ;,nd ava1lahle iand Exce.,., 
allo~.,ttwn~ ate h;mdled hy iteratm¡; the procedure, wJth 
modlfi.:d land av:1:lanllltle' (Sleven'> .líld Wheaton, 1970. 
p 1) Thl'> model " l1k':ly to '>llffcr from the .,,,me 
pwhlem< "' doe' UNTA while perh<ip'> perform1ng 
'omcwh<tl hc:tter over-:111 

Tht: EMt>IRIC model " another conllntiOU'i functl<ln 
,tllul<~licn moJel, '>llml.tr 1:1 pnnc1ple lo thc: UNTA model 
wh1<.h, m f.tct. wa., 1kveloped from 1he EMPIRIC a11d 
POI IMFTRIC íihldel elforh The EMPIRIC model', 
1.011\lnh:l "úc~cnhed h) Hlilm lhe followm¡; way ( 19fl~. 
p ! 11) 

1 he ch~nge m the 'uhreg10,1al '>h:.re of a llH :.kd vJndhle m 
C.lLh ,uhreg nn 1' p1oport1nn,11 lo one. !he lh.mge 1n thl' 
'ubr.:gl,,n.il ,h,,re of .11 n1her h>c.1tcd v.1nahk' 1n the reg1on 
'""· 1hc ..:h .• nge m the .,uhrcg1onJI '>hare of '' numhl'r of to .. aiOr 
v.lrl.lhlc' m thc "'hrcg11•n. ,md lhrec, the •alue of the 
whn·¡;um.d • h,¡re, of olher IOL.IIor v,¡n,,hle' 

The commenh made .1hove rcgardmg L1 NT A .tre equally 
appiJ~..ahle here 

Thc Loewen'>tem model (l.oewen~tem, 191>7, pp 1-fi). 
m tht: W<lrd~ uf the author 

combme; d trend-based an;¡lysls of mdustnal sector growth 
w1thm da;trllts •n the Phaladelph1a re¡;10n w1th Jn allo~dllon 
tcchnaqu~ ba;ed on lhe atlracuvenes; of each da;tnct ¡eiJII>c 10 
•11 other dJ\tncts 111 the reg10n for each •ndmtry under 
con\ldcralion 

the Ulllcal no!lon of th1s process as that 11 ascerwam the 
•mpurt,mle of .1numhcr of loc.•llon,ll d~termm,,nll for" 1 .lfleiJ' 
of mdu.,tne'> .1., wcll ,,., the a;•.ul.thlllfy of the,e tlet~rmm.•nt' m 
,, numher of "re.a' The ,11ea' .11e r .. n~eJ ,¡ccunl1ng '" 1h~ 
1kg1e~ lll Whlch they pO\\e" thc\e ch,·roiCkfl'.lll\ anU ,tr 
·•rrurtannmenl 1' mJdc 

Tn tha< model, whith w<~s ne·;er <ICPiaily rnack 
oper<.tt1onal, the employme11t rypcs were two-d1g1t 
S.I.C classcs The questio11 of s1multaneon versu~ 

~equential loca !Ion of dlfferent mdust ry t y pe' '' tllll 
tllscu-.~ed in the model descnpt1on. the 1mp1 C>Wlll be m¡; 
g1vtr1 that the loc~t1on of each mduqt y w'lil bt: 
md~pende11t of the location of each othe1 1ndu,try. ihu' 
bypa-,~mg the prohlem Ea eh of the loc;u .on facto~, IV<l' 

wr1ghted ac.:ordmg to 11~ m1pt:rt.1nce lo th,· lucatmg 
1nJu,t1 y Tht: mnde1 cleal~ w1th .allo.:<~tL .n uf rmplo1 mcÍll 
1r.cr.:a't' 01 úecrea~e~ a~ a conttnuou'> fun1.t1:•n :dlnc<~­

II011, ;:ncl a'> <uch tt1ere 1s no con,tra.nt on th<! ¡,!lo•·:ltl('n' 
except that of employment úen~1ty by ,uh-;•~ea Th1' dot:' 
pre.,ent the po·.~lhli1ty, though operatJ~ln.tlly :t may ne• ~r 
oc('u~. th,lt over lon6er pro¡t:CtlO'l pcrllldo, :1 11111forrn 
dtn•,tty hy tndu~try type~ may b·c thc prtdoillllldrll 
1.haracter"t1c of industrwl locnttOn a' fpr~:.·;a,l h¡ !111', 
11todcl Therl! ~~ no conSlllcrnttün tn the modél tlf th.:: 
po•,q¡,¡1:11es ,,f dt'-crete faciilty locallon Wh,le 11 pn1hahl) 
would no! be u~eful lo try lo implcmcnt tht\ n1(11kl, 
cor.,lder.lliOP of the h.,t of faLtor~ v. hich ar~ po,!:llated .a~ 
lllf1ue11cing i111ra-urha11 indu,tnal loc.ttiol1 fo1 tht> 1n 
anPther mooel m1ght rrovc rewanhng 

In ;;ummary, wme conli'luou~ f,;nctaon aJio,·atld'l 
model' .trc l.tp:ahle of p1oducang 1 C:il'lllt,hl\ 1;"'1d 
fcrecc~~l\ of no11-m.trket-;,en~111vc t'ltlploymer:t !,1cat1oP 1r. 
\ome Clrcum~tance' However th.::y la.:k the :thdlly to 
deai with discrete farlil!y loc:,ti.-w Tlm '' !1kcl) tn he ~ 
\lg111licant prohlem when dealmg wl!h nl11Hll<•rkrt­
.,cn\ltlve employment types, ill1d on the occd\lul1 where 
they ,Jt!empt lo f(HCl':l'>l Significan! CPdll~C\ In the loc.tltOil 
,,f 110n-markel-\en'>I!JVC mdu~try typt'>, the-.e modei, .tre 
open t() CTI!ICI'>m 

The mlht prom~'>mg dtrect1on for fu!u1e development pf 
modeh of 110n-n~<JrkeHen>ill~e locat10n .tpnc;u' tn he 
that taken hy thu~e few model' wlmh ,ttte!llp! tll forecl\t 
dl\c1ete f.t~.:lllly locat1on' Seve1.tl 'uch ml'déJ., <lit: 

d:~cu-.<.ed m detall helow. 
Goldhe1g de,Lnhe\ h1'> model m the folluwmg way 

( 19h7, p 1) 

flll funll.on' hy tdent1fymg for ~;H:h mdu,tr) gn>up ·' "'' of 
ll•C.IIIon f.1c1"r' 11 need' 1n finumg ,1 \lle Fnr ~.tch "''' (In thc 
t..t"c .11 hdnd fnr t:.Kh ccno..ll" lracll the LH..hll•, ar~ mt:d\UTI'l~ ar1J 
.odutd lugether lo g1vc" "or~ fo1 c.ath ten'u' tr.ILI fu• r.1ch 
•ndtl\try gwup Thc 11 iiCI w1th the h1ghe" , .. ,,re f,,, .1 gn en 
rndthlry grpup reLcrve ... L1 unll of L'Oipluj'rnenl The \UlfL\ .u e 
lht•n u,u;ally reL.dlld.oit:J .md the ;,lto .. ttllln Lnlll'l•lle, :" ,,h""" 
unid .di rwJcct,·d e1:tplnyrnent 1' .•lloc.lleu 

In th1s model the employmen: classes we:e aggl<!gJ­
twn., of two-dlgli S re cia~ses il1tO >iX rr,..,nuf;,ltUrlllg 
'uhgroup<. One of the 1) pJCal problem<. <~f th1' type mudel 
1' tht: 'equer.tJ;tl 1ather lhan ,¡multnnet>U' ill'atmelll pf 

mdu~try locd!IOII In thl> mod~l the rrohlem w.:, 
~tde-<.teppul h) gtoupmg tile 1ndu~t1y type' ,uch Jr.•l a 
d1ffelent ,et of rt'levant loc:1tion factor<. 10f a wral setl 
could he de!l11ed for each Th1s ~1Vo1lled tre pruhlePl of 
I.<Hnpet1t10n hetween <.ectof\ by preclud.n~ •!. aPd at the 
'ame tlnlt:. v111ated the 11ced to weaght lhc lucallnn f~lcldT\ 
-.mee only the ··releva11t'' f<K tor• <~re c;1n<.:dered 111 :111y 
uav: The !ll0\1 \<!rlllll'i probiem wtth t~r modcl C<>n<.lru,t 
" 11~ t'nll llf .tlltK<~Iton Wht:11 therc h a fl.,·c,,a\1 
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1<:~1<111-Widt: lllLrt:<~'c 111 a g1ven employmenl lype the 
nwdcl .illoL.IIC' 1 hh mut:,l\t', ro ,uhw e"' m the rcg1on 111 
Lltlii!Jl' L ,illl'd llllll' uf L'mpiO)'menl .. E.1ch umt '' cqu.il 
lo 1 he·" .:J.I~c· f.tu!tl 1 -.Jtt' fnr thdt 1) pe cmploym.:nt 111 1 he 
re~J<ln Th" lcpre-.ent' .1 rt'latJvely un.,;tll\factory cnm­
pr<llllht: hl'lwec·n L<llllllliiiHh funct1nn allota!Jon (¡e any 
numhc·J PI employe.:' uf ,1 g1vcn type to .1 'ub-<~rc;t) .1nd 
¡IJ-.crcle f.tuiJI\' lot<t!lllll (1 e ltll<t!Jon nf th-.c1ete faciiJtJC'> 
111 .t '"h-.11<',1 ,JCulldlllg !() .1 known ''7e d~<,tnhutJnn) 
rJn.illy thl\ lll!ldt:l h.tndlc-. employmenl dt:Lrea-.e-. 111 .1 

J.tlht'J pcciiiJ.II f."h "'11 Thc reglllnWJtlc: pe1 cenlagc 
dt·u.:.t-..: fo¡ '' g1vcn c·mployment type" mllllipiJed hy 1 2 
lit' 120'7, l . .tnd " ctlJJllnllou-. lunlllllll .~ltoc.IIJOn of thc 
dccre.t'c' " ll1.1de, where the funcl1on LJ<,ed " a lo!.tl 
.tLliVII)' dt:lhllY llldt:\, Wt:Jghtcd hy lhc '>pt:CifiC employ­
lllCill lype-., uf the -.uh-are;¡ The cxce'~ decrea<;e of 20o/r 
re,ulttng from 11-te ahove '' then alloutkd hdck 111 
-.uh-.u e"' ·" 1f 1t v. l.' re a norm<tl ~0% regJonw¡Je mcrea\e 
ol lh.tl cmpltlymcnl lype' Th1' f110ceJure 1mpl1c' lh.tl 
thnw 'uh-are"' whJth. ¡f a reg1(111's emrloyment of a 
g1ven !)'pe were gwwJng would grow the mo\t, are .tl<>o 
1 he une' t ha l. 1ft he rcg1nn \ cmployment of t hat type were 
deciJnJng, wuuld Jt:Lime the lea~t WhJie 1h" '' not .m 
unre.~-.un.thle '"'umpt1on, the documenl<tiJOn of the 
mntkl " nol d:ar .t' tn why th1~ particular pnxedure w.t'i 
,¡Lfurlt'd De'>f111C lhe": 'h'11 tcom1ng'>, \Oille of wh1ch 'te m 
p11m.tnlv frum d.1ta Jnadequ.tcJe'>, the moJel ha<> been 
111,1de tl[lt:ratlllll,d .111d ha-. produced rea'>on.thle foreca;ts 

:\notha ¡IJ-,Lrete f.ILJiity locat10n model, Putman\ 
INIMP mude!. "dt:,Lnhed hy 11'> authM ( 1967, p ~0:1), 

'"~' .111 .tllocallon procedure for de":nbmg ,, porllon of 
p¡o¡~c!ed u1v-w11k cmplovment ch.mge' (pmltJve or negallve) 
,IIIH>n~ C\hlm¡c f.tt:JIJJ¡~, .md upon r~.tthmg cenam Lri!JL,tl 
'.t111" ,,f !he m,¡gnnudc, of .tlhlL.Jted muc."e' or dcuca-.e' 
""'"ll'' ''' ,, loc.I!Jon lcLhnJqu~ lor thc .~ddlihlll nr dele!Jon of 
f.IL tltiiL' LOII\flrl\lltg lftC ICdldllltÍCr-, of lht' UIY-WitÍC pr!l)Cl­
(hlll'\ 

In lhl\ moJel, too, the employment type, were two-d1gll 
S 1 e cl,,\se,, and the aredl umt was the census trae! 

riJc ,tflllL'<~thlll pnrtHlll Of the moJel IS a -.!mple 
coniJnllou\ funct¡on .tlloc.ttlon proceJure lncrea;e; or 
JeLrea-.e' deall w1th 111 the allocat10n port10n of the moJel 
are -.Jillply propon lllll,ll to the port1on of the city'\ 
empltl} mcnt of e.tL h type 111 each area Whlle th1s dH.l not 
prod11ce unrt',l'llnable n:-.ull' when lhe moJel wa' u'ed, 
th1' "Jetimtely .1 weakne-.\ of the model Th1\ port1on of 
the model cea;e' ltl functJon after Lertam capauty 
con-.1 r.unh 111 telln-. of S 1 e '>pecJfiC level'i uf emrloy­
ment dcn"ty have heen met 

The loL'.JtJon portHm of the model, wh1ch take; over 
whcn the l.tpac¡ty ton'>lr,unt\ are exceeded. loc.Jte-. 
Llulllp\ of new cmploymt:nt 111 <~rea' accmd1ng toa \Ct nf 
me.l\ure' wh1ch md1cate the l1kely preference of the 
mJu-.try fur the are.t, h,l\ed upon known pa,t locat1on 
hehav1or The 'i17e of the'ie clump'i JS determmed 
'iluLh.htJL'ally from the pnor dt-.tnhlltlon of fat.!IJty 'i!Ze'> 
for ead1 1ndu-.try l.ur.ttJOn of clump; of employment 
Jecrea-.e octur when the Lily-w¡Je pe1centage decline of a 
rariJcul.tr 1mlthtry rc.tche; certam magnilude<; called 
.. ,hlltdtlwn pt:ILcntage'" Whcn thl'> octur<,, f.tcJhtJe' ,¡re 
'>ekctcd. 'toch.t'>tK.tlly dependmg upon the magnttude of 

the pcrcent.1ge decrt:.t'>e. for dele11on Ag.un 111 thc 
J"u''''un of thc model lltl men11un '' m.1de ,¡f the 
lJIIC\IJon of '>l'qllcniJ.tl l'tl\ll\ -.nnult.tneoll' lnL.ttJlln ami 
11 "" f.nllt 111 the nwckl con-,lllll't th:11 the mPdel fulf,m, ,, 
-.eqllentJal (by "1 e numhcr) IOL'aiJPil proct:dure 

Thc ncxlhlhty of ltm nl!ldcl L(lii\IIIIL t " grcatcr th.m 
othcr-,, but wn,eqllently, JI " -,¡gntfiL.tntly mnre dJffil'lilt 
lo L''LihiJ'ih the p.tramcter v~tluc' (e g Ctp<tuty levd' .md 
'huldown percentage,) In dddi!Jnn the nwdel u-,c, only 
ftHII llll'd\llrc' ul .11t:.t 11nil .ILltpl,¡hJIJt) Th" numher 
'lltlltld pn1hahly he lltliC<"cd De,pJ!e lhc-.e f.nlmg' lhe 
model '' Lllllll'plll.tlly q1ute LomplelL' .tnd nfTer' ''gnlfi­
L.Jnt pmm"e fur ftllllle Jevelopment 

The Ru'>e modcl ( 19117. f1P 'i-ó) " 'umnl.tllled h) the 
't.tlt:menl-, lh:il. 

r.llher than .tn.tlyZJng nnl) !he nel dwnge tn employment tn ,, 
/one we are .tllempllng lo npl.un lh.tl 'h,1nge 'PCL'Jfic.tllv 1n 

tam' of "' lclmpnnenh n,litll.tl gJow!h of CXI\ltng fi1m' 
de.t!h" :tntl"hJrlh" uf hnm .tnd mu\emcnl of firm' II'Jlhtn !he 

rl'gll)n 

only "h1r!h' · aml · mnve'" are loc:t!Jon.tllv relev,¡nl 
decl\tons-SJZe Lh.mges (lncludJng ·Jealh~") .u e J ·funcuon uf 
1he Jndu,rn.tl · Ll1m.Jte" of the regulll, !he lyp~ 11f tndJI\11) !he 
"'e of !he firm-WJ!h few eHepllon' (e g Llrh.tn Renew.tll !he 
ch.traclemltt' of !he lllc.t!Jon' have hlllc ''' do wuh the 
heh,¡v¡or of ltKa!JO~.tlly ,l,tllc' lirm' 

The employmenl '>eL tol\ u sed m thl'> model. " total of 
fift y, were approx1m<ttely the <>.tme a' are delmeated 111 the 
n.ttJonal 1nput-output tahle-. ThLHigh the model w"' ntlt 
de,cnbed m an operat1on.d form, 1t appeared ro .tttempt 
"multaneou; locat10n In a later document (Rme. 19óR) 
lhe allocat1on purt1on of the model "de,c11hed ·"a lme¡¡r 
programmmg formulat1un However, the numher of 
'eLlo!~ (f¡fty) ami lhe numher nf .ue.tl uni!-. (M7) 

IIILhcate' that operatwnal '"nultaneily m thl' mlldel may 
he vcry nc:trly JmpP'>'Ihle 

In th" model all employment fllreL:t'l' .tre 1re.1ted ·" 
d~<,l!t'lt: f.,uli!y lotallllll' Wh.tl "uf p.tilltl!l.u JlltCJl'\t" 
lhe mean\ hy whith the faCJI!lle-. IP he ltll.tted are 
generated F1r>t, h<"ed 11pon regHln<tl employment projec­
lion; and the b,¡,e-year firm 'il7e dl\tnhutJon,, reg1onal 
pro]ectton; of the firm s1ze distnbut1on are made The 
hd\e-year firm -,¡ze Lli;tnhHtJon " tht'n · aged" \ '·' .1 
Markov proce>'i, y¡eld1ng an updated firm '>~le d~<,tnhu­

tJon The d1fference hetween th" tl!-.tnhutJon ami the 
exogenous reg1onal rroJectwn " t he e'>lilllate ol firm' 
wh1ch were "horn" O! wh1ch "d1ed" dunng the penod lf 
the Jata .tnd modelcon\lruct were av,1dahle. finm nm"mg 
mtr.t-.trea movement<; would he C\!Jmated here al\o 
Then, VJa a m.tthematJcal rrogrammmg ,tlgonlhm. ,In 
al!ocat1on to wneo; '' made of the new Pr reltlLallng firm' 
In wnclu>~on. whlle lhe modcl w~" not de,tnhed 111 ,1n 
Pf1era!lon,tl f01m, ami doe'i appear to h;tve only JI'Lrele 
fac11ity loca!Jnn (1 e notontmuou' funl!Jlln .tllocatJon of 
even ,mall employment Jntremenh), the ¡Je.t ,1f f,tulit) 
"h1r1h" and "de.tth" v1,1 " Markov prote\\ " worlh 
l!lll>Jdenng '" an .1rca for futllre re<,e.trL h 

Mode/~ of Marl.et-Senvitll'e Lorat/lm 
VJr!ll,llly all exJ,tlllg oper.tllon.tl <11 potentJal!y Ppera­

tJOnal model-. of nwrket-,en'ltJve locat1on are CtlniJnuou' 



fund1on .illocallon model-. Futllle pngre~'i 1n thl'- area" 
mo-.t l1~ely IOLOnJL' twm further delelopmcnl of onc nr 
more of thc-.c model' A' many of the-.c modcl'i .1re ra'her 
\lflllh•r m Jhc1r thcoJciJL,Ii et1n-.lrt1Lh, thc rcv•ew-. wh1ch 
fullt1W ,l!tc:npl 1<1 uwer the p11nc1p.d COJl'ol!Ucl\ rather 
th,m de,Lnht· ,i/1 '-liL'h model' 

Thc rl't.lll market potcnlJ.il mode' (l.ak,hman3n and 
H:•n,cn. 191i~) takc\ "' 11-. preml'-e th.:t the ~IZl' ami 
numher uf rt·t:ul c-.r,,hh,hnlt'nt.;; m ¡¡n are:·'' a n:nt!Jo" ,,f 
tlll' 1111111hcr of c<>J:,umer-. d'. repre,cnft•d hy •he ;:Ja¡;­

n:lUJe ,,: thci1 1 ct:ul cxpcnd1ture-. Thi-. nJC•tkl " 
de,tcndcd fwm an caillcl une tLak,hman:I'J, 196~) .IJH.l 
h"' ·" '" t.entral the<>rctJcal con-.truct ;1 mca'>I'Je of 
m:n~t·t polt:nlldi dl.'l!vcd fllliTI the tradilll>nal gr;¡v¡ty 
nwdl'i L't>n,lrtJct (1-fufT. l!Jt.~¡ Th" LOII'>lruct. m th.: word' 
of the authtli'' ( 196\ 1' ll'i) 

. ''"'e' the Jetali L't'llkr of 10nc; atfr¡¡ct-. cnn-.umeJ 
dnll.u' (ffl,Jll u>¡l\111!1~r' f¡ nm zon: 1) 

tal m dm:c·t proporllol! 10 rhe con~llmt•r npendJture-. 
thl 111 (!lrCll rwplllllon lo 1!~ '>i7e 
le\ 1n mver'~ n1oportJon to dJ~I,tnce to thc 

con-.umcr-. 
(di m mvcr-.e pr,>portJon ro cornpetJ!Jon 

","he moJd con.,rruct Jmplit"ltly a~~ume;; thdt retad ad1vl!y 
will loL<~lc 'ole/y ,,., de,cnhed hy the a hove ma1 hct 
¡wrentJ,d functu.n. n~ve, thele~\. 11 Joc~o prnduce rea\llfld­
hly ¡;nihl forec:":' Two 1mportant .;om!deration~ are. 
hnwevcr. nn!lltcd Fir'it, there are other mnuence' on 
retad .!Ctl\'11}' lotdllllfl wh1ch will ~au'e ¡,)Catlon devJ.l­

.tion' frc.rn tht>\C foreca.,tcd by the aho·;e cnmtruc! The\c 
orhcr f,¡cto" -.hould he lnc;uded 1n a rcaiJ'i!Jc model of 
'iuch locallon Sccond, and perhap~ of le.,., 1mpollance m 
already dcvclopcd dre"'· " the que<;!Jon of mmJmllm 
f,¡cili!y '>IZt: Th.tt '"· cei tam type-. l>f markct-'ien.,tlve 
;•ctlvi!Je., have nnpnrtant \cdle economy, con~ideratll>ll\ 
whJt'h will dic'ate 111111111Hilll 'oiZC'> :"01 new f.lci!Jtlt:' 
Futu1t: de\t:lopnlcnt of moJel, 'liLh a<,l/m o,hould mcludc 
lhl'\~ (llll\ldt:i.llilll1\ 

The 1 fvii'IRIC' rnodcl (111!1, 191i~) di'>CII\'>ed ahovc 111 
lht '>Ccli<>ll 1111 111í>dl·/\ of IHIII-mdrkcl-'>Cil\IIIVC il1L<il1011, 
m.1y '"'" h<: COJhldcJcd lo he a model of mmker--.emi!Jv~ 
lot·afll>ll Thc ,e¡., pf Vdridhl..:'>, affecllllslot:,llll>n, te.,tcd m 
the nwdel we1 e 

Set 1 lntcn-.uie-. of land U'ie (den<;JIIes), Zonmg 
pr·¡¡;(Jce~. r\uto,nohi/e éiClt:!>\iOiliflé'i (Withm !he 
ICglllfl) 

Set 11 S.1mc "' 'lct 1 pius Tran>ll act:e.,~olbJ!Jtle~ 
Ser 111 S.mu: a-. Set 11 plus Qu,¡!Jf} of wate1 'itrv1ce. 

Qu,lii!y Of \CWage th\pO'iaJ \CJ \'ILC 

The re,"ult' of the cahhrat1on te'ih of the n!lldel, ;n tam-. 
of va nance "cxpla111cd". were ac..:eprable. and rhe model 
m·,y he con-.iJcreJ a' .m acceptable, opeldtlon,d, fore­
La,!lng tcchmqlll:, ''lhJet t lo the rc'>lill'!Jon-. mentlon:d 
prtVillli\J}' 

The l-1:1rr" rt•t,ultradc model ( 1Wí4) •va\ developed '"a 
componen! of rhe Penn fer.,ey ActivJt¡c., All\>t.•tJon 
Model Denved from -.dected pnrt10n> of cen!lal phcc 
thcory. the modcl ,¡ftcmph 10 modtl the eqlii!Jbnum 
whJL'h rc.,,lt, frorn the 'upply t>.f good<o ami 'iervii:C\, tht· 
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demand for them and the p:1ltern(.,) ,,f •nfcr.ttllon 
1-,etween them The model, a~ de~ocnhed hy the aurhnr 
( llJ64, p ii) 

wurk~; m 1hc fnt:ov.·I!Jg way G1ven 1he !ocal!.>n ••f dem,mú and 
.111) \CI of ln!crallu>n paramc!er<;, :1 Clll'lpli!Cr p1o~r,¡n1 1\ 

prov1ded wllh" prcilmmary e<;ilmaie of lhe !n~.IIICI<l of ,urply 
'!he mlcr:lllion formula, :~re thcn .. pplocd ,mJ rr'!dl m ,, 

hyr<>lhct:<.:l 'el of · .• rnv,¡/<;" ni !~e "'Prly fl'""'' 
thc re• Id\ ,,f 1h1' fJr,t c'lllll•lte of ",1rr"'"'' ",uh\tllllfrd for 

l~l ong111,d ln·r-·•ihe'" ;¡, ''' the ''"!nhut.nn of '''P~Iy, ,uHIIiw 
prril...e'l•, 11.., !tlll !illl'd 

\V~ilc dcceptahle ftl!CC:htmg re:>ult' have he~n obta:n.:tl 
fwm liH'> mod.:l. thc C\timJ!Jon nf 11\ pa: .1mer.:r' (whJC}) 

rn.1y he h1ghly wllmcar) l'i H more th.m r,>rmally <hlliull! 
pi <lhlem ilcl.lli\C of thi'>, !h(: mt~dt:IL:tnn''' he con,IOcred 
1,1 he ,,. liuly pr.ic!lcal foJtt·a-.tlltg dev.~c lh .:\r!icJt 
LonwladiiPn of •;upply ami ,lernand eqwl¡bnum "· 
hmvever. un1que :•nd 'ihould he u>n"dered for futurc 
dcvelopment 

The 1 owry model (1964) a-. wclt a., 11<- denvat1ve~ (r g 
Cr~~iné 1%-l) con-;,der-. the locdllnn of m;¡rht'l-~ot'n"rive 
.:mployn.cnt "multaneou'ily w1th the loc¡¡t¡on of popu!a­
!Jt11' Th" model 1~ af-;o a mar~et potenllal moJI"!, tlut the. 
fp¡ mulat1on of the wncept "-;ornewhat ¡IJfferrnt. Lo"'ry 
de ,ciJhc-. 11 a., foilow'i (19M, p 10) 

l'h,· dl\lnhuilon of tht' rct¡¡il etnjlloymenl .1mong thr Ira~:, 

depencJ, on !he 'lrergth of the m.tr~et ,¡¡ e:1d1 ioc<~lh>n 
A·.,ummg 1ha1 'hopp1ng lnp-. nngmate ellher lrPP1 hPme' or 
from wor~ 111,1Le' !he market poltnl¡,¡[ of an1 go1en loL,olion 
c.~n he deflned :h " we1¡;hred múex ,,f !he TliiiT'hcr' 0f 
h,H"chold' 1n the ~urroumlmg .1re"' ooHl the numher nf 
pcr"'"' crnpioycd nearhy 

Th" rnodel, tno, ha'i been 'hown to he canahle of 
proJuclng ,\CCeptah/e foreC<hf'-, anu ll' pa,;nne;er'i have 
heen ,ucce,~full) t'<;IJmated for -.everal thtferent area-; 
The mlldel ;;hou!d he con,ide1ed to he an operat:on~l 

flliCC.!\!Ing tei hmque 
The fl.1y Are:1 SJmuiallon Srudy dcv.:loped <;eveJ::-1 

Lon!llltlull' funtiJon all,,catJon model' •u ,ka! '''llh 
m:uh·t-,cn\IIIVl' e!nplnyrnenltlf di11eJent l}flC' (('REUE, 
I%X PI' 179-214¡ For retailtJade ,,n C\lltll.il.:" m.1d~: llf 
'olle \tll!:tril!ty '"a func110n ol -,(<;' ,¡ttrJhute<; (inLiudmg 
atce'''hliltlc,) Exrected retad !Jade ckm,tnd '' Je­
vcloped from " -,rmple markcr potential cxpre\<;Jon The 
expecred demand " compareú to thc actu.ll dernand 
{.:\1\llr.g employrnent) to e\!1mate pnlenual "new" 
dcmdnd Fmally_ a relative attract1vene~' 111dex ha,e,l nn 
a comhm<tt1on ,Jf \llC suitabdily ami pDten!ial "new" 
demand ,., c.tlculared The aliocat1on of rctml tn,de 
employment ,., thcn m acle m proportwn to ~a eh ~uh-,•rPa 's 
re/,¡l,ve ,ttliactJvene.,, Serv1cc;; empiDyment IS allocateJ 
pn>por!lonal ro a relatrve attractJvene-.o; mdc:x :n1d the 
pl'pul<~tlon pertentage in each 'illh-are;¡ Fmance et al and 
Gnve1 n•nent empilt} ment~ are ai!'ocated hy a functl\'11 oi 
pa-.t employment and popuiatron Contr <tcl cun.,t;ucL•on 
w¡¡~. allo• ,,red m proporuon to new house<; and ncw 
cmployment In \tlnln1di y, the'ie RASS cmpioyment 
-.uhmoJel~ .repre-.enr c.per<:tlon&l but h1ghly cmpmc,tl 
conrinuou-.-funct1on alloca!Jon procedtll[S for forecasi!Pg 
th:: il>c.ltton of rn.~r~et-sen,lltve employmePt lt \lould he 
do1r.thk t.) !ry ro develop <1 more general, le's 
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Lill·.illll-trv. typc of prt>lt:dure to makr the'.e forl'C<I'-h 
lt edil thu' he 'een th.11 lhcre are conlmuou' functton 

.dluL.IIIon modeJ, whtLh produce lJllllt: ,ICLépl.lble forc­
L·"" pf nt.IIJ..ct-\Cll\illve loc.ttJon All hui two of the\t', 
hown·er. tHntl con\1det ,IIILln of '.La le eumomre~ The 
1 ""'" mndel ..:on~tder' lhem rn a ralher Lrude fa~hron 
,\lld lhe Harrr' model con~rder' lhem'e\plrutly Whrle thl\ 
1' nol .1 Lrllll~llly Lmportant farlmg. Jt ~hould he cool'itdered 
1n future efTort'> of th1' 1ype A more 1mponant prohlem" 
lh.tt many of the'e moL!.:i'> mLlude .:mployrnenl acltvrtre' 
,ltch .~, offil:e employmenl ~~' m.trkel-\Cn'-Jllve when m 
f.tLl thc} rnay not he Tht'>. of couro;e, refleLl'i hack lo the 

- rla.,.,tfiLalron que•aron po,ed earlrer Fo1 Lerlam ernploy­
nwnt cl:"'e' the'e model' appear lo be qutle adequate 
For other cla,-;e,, other rnodel'> are nece.,.,ary Thm a 
model developed fo1 foreul\tmg all employment types 
would h.tve lo he c.1pahle of both contmuous funcllon 
aiiLlC.Jlion ami dt,Hete f,\(:rltly loc.tlJOn ~ilong wrth the 
ahdrty lotklermme whrLh pnKedure J\ o~pproptrale under 
\~h.tt clrLllm\laJlle' Such a model J\ deo;cnhed m a recen! 
WOJJ.. hy lhi\ .Jlllhtll (Pulrn,tn, 1972) 

Frn.dly. 11 'hould he noted that whde 'orne 111 han 
re,Jdenlt.ll nwdel' ,Ji,o fon.'l.J\1 marJ..et-\en\JlJve "non­
h.o,tc" employmcnt. m,¡ny do not No urh,\11 rc\tdcnlt,tl 
model mLiude\ ftHel.J\h of ,di cmploymenl, .1nd 111 thl\ 
't:n,r. ,¡JJ .11e dt:pl'ndent on 'exugenotl\ employmel)l 
fo1 l'L.O\h, pe1 h.1p' f 11\111 thc type' of nwdeJ, revrewed 
ahove . .1'- rnpul In the next <,ectron of thJ'\ p.tper !he 
11nport.mt urh.m re,tdentr.tl model' are revrewed 

1 1'1/lll-\-l'llHA' 1!1 ~lllENliAI LO( AliO"i \IOilFL~ 

lntmdttc/ttJII 
'fhl' \t:ttlnd maJor componen! of tnban acttvtly "that 

of popul.ttJon or re,ttlenlr.tlloc~tlon Mo'l urban land ll'\e 
''mul,lllllll model, h.tve gtven pnm.1ry empha'1' lo the~e 
acllvilll'\. wtlh r<~ther le" emph,t\1~ herng pl.tced on the 
pn,hlem' of emplo} ment local 1on So me of the~e model~ 
h.1ve. hllwever. 1ncluded retail-commerctal employmenl 
lt'L.Jtlon proledure' ,md, a' \LICh, were di\Cll'>'ed m the 
prt:VItHI\ \t:Cllon of th1' paper Th1' \t:CIJOn of the p.1per 
w11i di\Ll"' only mude!' or tho'e lOmponents of model' 
whrth hav.: heen ,oldy tlevoted to foreca\tll1g populatton 
.1nd rt:,ldenli,d illL;Illlln 

\' \\'.1\ thl' ta\t' 111 the pleVIOll\ \CCIIOn, J( wJ!I he 
helpful lo heg111 hy allemplmg locla"Jfy lhe'e modeJ, 111 
a ",¡y whtch allow\ ,1 'Y'lem.JliL dt'>CUS\JOn and rev1ew of 
them Onc commonly ll'.ed cla,~ificallon, wh1ch \ecm' to 
WOJ J.. rc.t,onahly wcll, " th.1l of helwvtor,d nwde!, V\ 
non-beh.Jvtural model, The e''encc of .1 hehdVIor.tl 
mlldel "lhdl JI\ .tlloc.Jllon procetlure '' 111 the form of an 
equalton or '>l:'l of t•qualiOn\ whtch purport lo de~Lnhe, 
more or le~' explrutly, re\tdentral locatton beh.tvtor 111 
term' of the aLlual délermmanh of that hehav1u1 In 
contradl'\lmclton non-hehavtoral modeh .tltrmpt th1~ 

\.Jme de,u1pt1on pnm:rp.tlly hy vrrtue of the correlaliom 
whtch m.ty e\1\l hetween .md among .1 l.trge numher uf 
mc.J'.Lile' of attnbute' uf the urban 'Y'tem 

The behavlllral mude!' may he further d1vtdetl mio 
lho\e wh1ch are malro-de~crrpttve and those whtch <~re 

mtcro-de,cnpltve The macro-descnpttve models attempl 

tu de,u1he phcn,lmen.t tlh,erved di a r,1lh~r aggregate 
it:vel llf det,ul An ex,1mplc of macm-de,tnptlon ,,f a 
heh.IVI<'r would he the gr.Jvily model. whrth \l'éll1'> lo 
dt:\Lnhe a va1 Jl'l} <lf \UCI.JI phenomen.J Wlthout .1 gt·nume 
lorre-;pnndence hetween rts formula!Jtlll and !he oh,erved 
heh,lvtor of rndtvJduaJ,_ The mrcro-de,cnpllve motlel'\ 
attempl lo dt:'>Lnhe the 'ame gener;il phenomena by 
.tggt eg.Jtrng the re\trlh of the decl\ton maJ..mg proce,~e~ 
of many rndtvtduah An example of thl'- can he found m 
\ome uf the wor" done ,ll the Unn·er'>ilY of Norlh 
Carolrn~1 tlll re\ldenlt.tl localJon tDonnelly, t'l al. 19M). 
All hut one of the model' lo he revtewed m thi' .. ectron 
can he cla\'irfied ,~, hehav10ral ancl. .1~ wdl he 'een, tend 
tnward the m.~cro-dc,cnpttve ralher !han the mtcro­
de,cnpllve 

Belwviora/ Moch'il 
The cid\\ of heh.tvtoral modeJ, of urhan re,•tlentml 

lnc.IIJon "tlc~trly dommaled hy the I.owry model ami JIS 
many denv,ttJve' CJne model m lhl\ cht'i\ wh1ch 1~ not a 
Lowr y or l.owr y denvat1ve mndel shnuld he tlt\CU\~ed 
flr,t Thc 1 athll\p .md Hamhurg model, whtch ha~ no! 
rCl"t:Jved thc further te<,~mg, ex;1mm<1IJon, and motlifica­
llon' ;" ha ve followed u pon the Lowry WOJ k. ha' .1'> 11~ 
centr,d loL.IIIng tonLCfll, thc not1on ,,f mtervenmg 
opportuntlle'> tL1throp, el al, 1965). S1mply ~laletl, the 
conlept fiN .1\\t:rh th.ll a lnp m.tJ..er wrll encounter 
alternatrve opportunJlrc'> for \alt\fymg hts tnp purpme '" 
he tr~vel~ Second, the concepl a'i~erh thal thcre ~~a fimte 
proh.thrlrty th<it the lrrpmake1 wrll \IOp al any of these 
po,\lhle ,Jiternatlvt:\ Further, lht' proh,thdlly mcrea'e' al 
each 'liCt"C">Jvely enLountered ,Jitern.Jtrve. \\llh each 
pnor .Jlli:rnal 1 ve_nuU,¡J..en-T'he-1 rnplement;¡( JOnllf-¡ nJ-,---­
model requtre\ thal a mea~ure uf opportumtie' he 
con,lrutled for eaLh 7.one m the regton In adtlllton, '>lime 
mea,ure of 7Une-to-7one tr~vel ltme mu-;t he con,rructetl, 
.tnd ha'.ed on thl\, e~ch zone JS ranJ.. ordered taccordmg lo 
th" mea,ure). frum each other 7one lt l'i then a r.tther 
'trarghtforwartl m.1ller lo cakul,lle the prohabrltly of a 
tnr" termmatmg tn .111y znne from each g1ven ongm 

The opportunJtJe'i measure U\ed m the e.Jrlter develop­
menl of the model W.l'> -;¡mply !he product pf the a~.Hiable 
land trmes the ext'ilmg den~1ty uf ~llllvrly. hoth of whtch 
were nogenou' mput' In a later fnrm uf the model. a 
procedure W<l'i .1dded to calculalc the den'\lly endogen­
lll~'>i}. h,¡,ed on dl,t.Jnce\ from the cenler of the regwn. 
Havmg c.tkul.iled the opportunllJC\ mca,ure, the amuunt 
of ,ll'llvllY alloc,¡ted to e.1ch zone 1\ then c.dculated a~ a 
fumlJtlll of the prohahr!Jty of ~lopp1ng m lh.Jl wne dunng 
~~ hi pothettcal pa,,age through the 7lllle 

The modd m.1y he uper.lled m ellher llf 1wo mode~ •Jt 1~ 
c~1pable of ,dloc.ttmg all the resrdent1al ac!Jvlly to an 
e"entJally featurele" reg10n, re the developmenl of an 
equr!Jhnum foreca,l, or 11 may he u .. ed lLl allocate 
mcremenl' of new .tC!IYJty toan e\1\llng ha\e population 
of a regton Ltke the Lowry model, lo he de,cnhed helow, 
the model J\ enltrely macro-descnpt1ve and 'eems to he a 
rea~onahle con,trucl flll lhl'\ type of forec:htmg Despite 
!he fact that JI ha~ not rece1ved the attenlwn antl 
,ttldrtron,tl work th.tt the Lowry model ha~. ll ~hould not 



he dhregarded a~ an alternat1ve, 'upplcmentary. de\<::rip­
tJon uf rc,u.Jentlal lo~dtJon 

The Lowry (19M) moJel witr 11~ ¡,umerous derivatives 
and de\<.:endents ~~ certamly the mo't well known model 
of thi~ type. Both the model antllt> denva!Jvcs ha\ e been 
descnhed by Go:dner (1971) anJ Batty (1972) The 
e~sent1al mgred1ent~ of the Lowr~ <.:omtruct are that the 
locat1on of re,ld~JKt'' ~~ a funct.on of the locat;on llf 
emplovmcnt anu' the tn¡; mal..mg hehav10r of cmployee\ 
in gent'r,,l, th1' pro ... edure Jnvotve' tr.e u~e of the ex1~tmg 
lo¡;atJon' ,,r cmploymrnt ,md a,o;nr,¡ptions ahout work tnp 
hch;JVlllr ,!long wllh ,, rne;NJre of iheir spatial o;ep<~mt10n 
111 order to general e rhe -_pati;ol dl,li 1hution of the 
res1Jenc.:s of the employees The model al~o contmns a 
proccJure for the luc,,rJ'ln ol the retad-commeJl:Jal 
<:mplnyment wh1.:h ,,,., heen rev,ewed 111 thc previouo; 
'ec,Jon of th1.., paper. on employment model\ 

The hou..,elwld 'r:Jii;,r ar!o.:at1on funllwn in !he Lowry 
mndel 1, qwtc 'lmple, hemg .,,>lely a funL11on of 'he 
ac<.:C\\Ihillly of potcnl1al rr~JJentJr•l iocatum'> !o emplny­
menl l'he funct1on ll'~ll ,J..,..,ert... that :he numher of 
huu.,t:h<IIJ.., whiLh wJII loc;¡k m " p •• rllt'til.u 7onc J 1.., 
duc...tly propurllono~ltothc ~11m of cmrloymcnl in ,¡lit he 
\Unot•n1hf'lg 1.one.., wc1ghtcd by a funcllon uf ihc di~tanLe 
between e.1Lh of tho ... c ?one'> and wne j Tlw; allo¡;atJon 1'­
'>liOJCCI 1,1 two externa! .:on,tr;,mts F1r~t. the '>Um of all 
thc hou~chuilf, 1n .dlth<.: zone\ mu~t equal :: g1ven reg1onal 
total Se<.:,,nJ, thc dt•r.o;¡ty, m termo; of illlll\ehoilb per 
,¡ere, ma~ he c\lll\IJ,uned lo he helow Lertam prcdeter­
mmed leveJ.., m l:eJtaJn tone.., The dJ,t.mce funcl10n u~ed 
1n the Lliii'J y modcl 1\ ..,1mply a negat1ve cxponentJal 
functJ(In tiÍ the ,,J,ughtl1ne dJ,tance bctween the zoneo; 

The opcr;\IJon of the Low1y model, in c'~ence, 

gencratc.., an m\lant metJopoh~ G•ven thc exogenouo;ly 
prov1dcd dh!JJhutJon of ha'>ic employment. the modcl 
allocatc' thc popula!Jon .md non-has1:: cmploymentto the 
v.Jnoth t<lllt:\ of tht: r(gl<Hl The'e allol:atHJn\ reple..,ent 
<~n ~4L11hhnum \JlliaiJon whll'h (,1.,.,um1ng the modelto he 
llll n:, 1 ). would n L'ntually Lllnh.' lo pa\\ 1f .di <11 hcr faL'IOI' 
h.~d Jt:lll.11n<:d ulll..,tant wlule the ~(.jlllhlllllJnl wa.., hemg 
adllel't:d C'on ... equenrly. thc model IS no! (nor doe' 11 
plllpt>rl ((1 he:) olll .illU.d foreca>IJng procedure Th¡o; ¡o; 
ht:c,tll..,~ 11 h no! po.,..,Jhk to "''ouo~te pomh 1n real t1me 
Wilh tht· mo<kl'.., 'olu!Jon, -,¡nce 11 1.., not lic.1r 1f .111d when 
\ll<.:h an cqlllhh1 iun1 ,o!ut1on would come to pa-,~ 

Actu.llly, thc \llllltJon' produced by th~ model bear a 
~llllng 1 ~'cmbl;lnLC 1<1 re.d1iy orto antJCip~ted rc.1hty, and 
,¡e; '11<.:h. thc nwdel provH.Iec; u.;eful 111'-lght' mto u1 ban 
\pa!lal rniLC"C' In ,lddlllOll, a\ w!ll he \CCn helow, 11 hu-, 
opened the w.ty to a greo~t de.JI of lurth~r rr\t:,m:h 

One of 1 he fir,l l.owry denvatJve modeJ, ;md one of tht: 
mo'>l \Uh,t.~ntrv~ly ..,¡gn1fkant "'"' thc T1mc Or1ented 
Metropolit,¡n Model (TOMMl Th1s modcl wa~ developed 
a.., a Ullllponenl of o~ lar~'' comprchen~Jve moJe! '-} 'tem 
fnr thC m P1tt~hurgh, Penn ... ylvanJa (Crecme, 1964) 
UnfGJ!un.¡te!y, !hr ,y..,tr;n wa\ never <.:ompleteo :•nd the 
mudel wa.., never ~..alihrated The prototype veNon~ of the 
mudel wcre, howev~J. te\ted wuh f¡;hntaled data A 
numher of later efforh have attrmpted to tdlibratc 
va~1llll' portl<>n' of th1.., modcl and h.tve l'blamed rather 
ullc:re,llng rnulh 

IIJJ 

fhe suhstantive.<hfferences hetween tlw, rnodtl dnd thc 
L0wry morlcl illt> unportant lo pote F1r\l, ami ni0\1 
1mportant Wd\ th•: fact that ;;mee 11 had heer. de,,gned to 
produce actu;:l foreca'ils 11 wa~ nrces~;.ry for the TO'vl M 
modelto have a real t1me onentahon. Con'>t:ljt,ently. thc 
model wa~ d~veíoped m an mcrement:1l form ,¡.., opplhCd 
to the stat1c cqud•hlJUm form t<~ken hy Lllwry In thc 
TOMM nmdelthc base ye·tr JJ\Inbutton' o: all :Il:!Jvitle.., 
are mclud<>d a~ Jcte1 •mn:1,'f" ,,f lhe prn¡::ct'or. ye.1r\ 
d:<otrJhíltJOn of a<.:!Jvlt;es Thc rssenual notJdn !~ere. and 
the differer¡ce from the Lowry model. 1'> that nerther :1 1l 
households. nor '"' non-f·a\IC ~rnployn:cnt mt' fH'e lo 
move (change ioco~IJOil) 111 .m y g1ven pi!lJ:d•on pl'' iod. 

The :.econd IITirortanl dJfference 1-oetwt:e,¡ ¡¡,,., rnodel 
,mcl Lowrv ¡, th:tl TO'VIM atternpt;; ''' d!· . .Jggregalc the 
loeatmg populatw.1 1111(• sevt.:1al type.., lr tr<.: fOMM 
modelthc all,~ ... ,,tioll of htouschold>, hy type~. to/Oilt"•. 1.., 
done 1 n 1 wo \lep;; The fi 1 o;t step con~ 1st~ of aJI,Jcat ong total 
houserold' lo tflne\, and the o;econd \lep mvolvt\ 
¡IJsaggregaiJWI of the iotal household, mtu hou ... ch<lld 
typrs The fir<.l :dlocatJon of ll't:il hou.,~holth. ¡, ro~thcr 
\lmple and, l:kc l.nwry, 1' 'tnctly a fum:t1on ,¡f aLce<.., to 
employmenl Th1' allocatJon ¡o; done 111 term' of n:-;Jden­
tial den\Jiy Fu~~ a senes of Jand use a..:count1ng equa!J<lil\ 
t:\!Jrnale the land avai!ahle 111 each zone for new 
res1drntml locat10n Then, the model e•,tJm81c' o11, a 
funciJLin of acce~s to cmploymcnt, th.: proJected re.,Jder­
tJal den\11}' 111 e;1ch zone Usmg th¡-; den;;ity :md the 
,¡vailabk l:ond, the numbere. of hou<.ehold-, are cakulaic:.l 
By '>Uhtracllon from !he hao;e year'o; h,lll;;ehold'>. thc new 
hou..,eho!d mcrement 1., deiermined 

The aLce-,~ to employment function ¡o; e;.actly ,¡.., m 
Lnwry The e•.!Jmatrd re~1dentwl dcnslly 111 wne 1 1'. 
d1rectly propOIIJonal lo the employm.:nt 111 .111 the 
-,unound111g zones we1ghted hy <1 tnp ondex hetwcen th<l\c 
lllllC' .md the localmg zone 1 The tnp 1nd~x 1' evt:n 
'>lmpler th,mth.uw.cd m Lowry, hemg '1mply tht: -,Jnllght 
lmc di'>lance hetwecn c11<.h zone ami tone 1 Th.:1 e a1 e 
,ever.il con\lr::inh wiHch operate on thc atlnc.:11on 
funltlon, the flr,l of wh1<.:h ~~a con\tramt on th<: P.ld\111111111 
rc'>Jdcntml den\IIY in each zone Thc •.eL·oml com!umt ~~ 
thc re4t11rement ih.ll ~ mmJmum numhe1 of hou.,choilf.., 
pt•r 7one, correo;pondmg lo the stahle h,,u..,ehold>. are nut 
allowed to nlllvt: ,¡way from thc zone in the proJ~L'IJun 

perwn Fmally. the1 e 1' a con~tra111: \U eh that the \U m of 
all h<lll\ehollh 111 all 70ne' mu~t he l'qual to c\tcrnall) 
prov1ded JegiOnal totab Allocat10ns wh1ch vwlate the 
constramt>. a~ 111 allocaiiOnS whtch vwlate the dem1ty 
cono;tramt 111 the Lowry model, a1e 1 eallocated to other 
zonc> 

The ... ec.ond '>lep 111 the TOMM model allncatlon' ¡-; thc 
di\:JggregatJon mto hou-,eho!d type' of the'e 1.onal 
piOJCCIJon;; r.f total hou~ehukl~ Al ttu~ p(1Jnl <1 ver} 
Jmporliltll ... ub>ta:;tJve ¡J¡ff¡;-ren<.:e betwcen TOM M and 
Lowry appea1 > The TOI\1 M model, m wntradi'>l'nl:IHln 
to Lowry, w,e," mr.asure of local amerntJe' to determ111e 
th1s d1stnhutwn of hon~ehüld type; The fun<.:t1on u ...... d, 
though an extremely 'irnple one, po\tulall'' th;.t tht: 
numher of household~ ny type m each llHJe JS rr~lpt'r­

llon.tl toan addlii\C funct1on of the ha'>e year dht:JhlltJPn 
of hou,ehold types m the zone. and th•· wP: 1.. tnp 
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propcrNire-. of ealh hou-,eholcliype Frrr.llly. the -.urn tlf 
allJhc: 1) pe-. ul horr-.ehoilh rn a grven _zone h con'-!r.rrned 
lo ,·qu.rl !he prevrorr..ly c:-.lrrnated nurnh.:r-. of toJal 

_ hnti'>L huid-. rn llw 1one 
<;;evl'f,d l.r!c:r vL·r,rnrh of the J'OMM moJel werc 

urn,lrllc'!L'll Onc: of lh.: fir-.t of the-.c rnvoll'l:d '>rmply 
dl'iL:Irrr¡.! !hL hothl'hold work Jrrp pn>p,·n-.r!re-. p.rr! of !he 
flln.rl hrllr,dwld lyp.: .dlol.rlron (('ON')AD. 1%7) In thl'> 
L.t'>C:. !he numher., pf horr,c:hold-. by typc rn e.rch 1onc .rre 
'>~rnpl¡ dctc:rnrrned ·" r ltrrllllllll ,rf the dr•;tnhutron of .di 
hotr'>L·hold typn \\ hr,·h lwd nr-.teJ rn th.rllone rn the b.r-.e 
per rod In 1h.11 ver '''rn. therc W.r<, a m.ltrrx of coefficrenh 
of lwu-.c:hPid lypc:-ttr-horr-.c:hold typc: attractrvene-.-. rndr­
ll''> In vct .rl.rln \ t:~'>lllll of !he rntrdel,the horr..ehold type 
pr<IJC:LIIl>n-. \\ere P"'IUiated 10 he .1 functron of the ha-.e 
ye.rr dr,lrrhutlllll ol ,¡JJ hou'>ehold type'> rn th.1t ;one, .md .r 

rnc:.r-.ure of popul.rlron potentral ami cmploymL'nl polcn­
lr.d whrlh .rppe.rr¡ lo he '>Oillt' form of .rlLC'>-.rhrllly 
me.~'>trrc (!.ce IYhH) A nurnher of e:>.r..trng proprrd;uy 
nwdel p.rl~.lge'> h.rve one or .rnother of the'>e earlrer 
lorrn' of thc: TOMM model .r'> !hcrr LOIC componen! In 
the,e, "' rn lht• l.r'>e ol lhc: earlrcr TO.M~ tkvelopmcnh, 
v. hrk ">me uf 1 hc: rnudt.:l p.u amc:tcr'> h.rve been e>lrm.rled. 
n.r Inri¡ rrgon>tr-. L.drbr.rll<lll'> of !he rnodcJ., h,¡vc hec:n 
CP111pk!t:d 

·\ nurnhc:r uf ) Ldl'> ;rflc:r the puhlrl.rtrun uf lht: fil'>l 
v.:r-.ron uf TOivfM . .r nllrL·h rnorc 'ophr..lrLatcd ver\lon uf 
thc: nrPdel. rderred tu "' TOMM-111, w.r-. rele;l'>c:d 
(\relrnc·, I'W)) The prrnllp.ll drfferenLe hetween lh~'> 

VL 1\ltlll dlld t:.llllt:l \ t:l'>lllrl'> Wd'> .1 \llh\l,\ll[l,rJ lnllt:.l'>l' 111 
!hc: Lonrplnrl)' pf lhL horr-.elwld-ly[le .rfi,>Latwn ftrl1l­
lr"'" In lhl'> nrPdel. 1hc: lwrr-.clwld 1ypc: .rll<lLalron " a 
1 llllLiron uf 1<:11 rmkpc:mknl v.rr"rhle> l'he-.c v.rrr.rhk'>. 
ll'>t:d rn .rn .rddllrve lr11e.rr funL1ro11 rm:lude 1hrcc acu:-."­
hrlrt) me.r,rrre-.. horr'>!ng prrLe,, lagged hou-.ehold lype 
lh.1nge Jwo rndrlt:' ol puhlrr facrlrtre~, an rndex of 
'>1111Litrraltklerrur.rlrol1, .r nre.r-.ure of hml'>ehold Jemand 
polcllll.rl . .rnd r11fPrrn.r1ro11 .rhmllthe h.t,e ycar\ di'>trrhu­
tron uf htHr,elwld !I'JlC'> 111 tlrl'> zone Thl'> ".rn enormtnr-. 
Jr,l uf rrH.kpe11den1 varr.rhle-. .rnd r;rr'e' '>l!ong douhh 
.thoul lirL· lr~elrhood of .:ver lOmplelrng a '>lll'Ce"ful 
L.rlrhr.r!run l'horrgh "rme work h.r., heen done 111 thr, 
drr,·Lirol1, 11 '' ck.rr th.rl .r gtrtld de.rlmore would 11ccd ltl 
he done -.Jwrrld '><lllit:<>l1t: dt:Lide to lry ILl r c.rlly l.rlrbr.rlc 
thr.. nwdcl 
" :\11o1hc:r '>rn.rll f.rnrrly of Lowry dcrrvalrve modeJ, .rre 
!he \".rrrou-. fPrnh ol !he Projeclrve La11d U-.e Modcl 
(J'IIUI\1) l'h" f.rnrrl¡ trf model-., whrLh evulved fronr !he 
gr,.rl l.rllgk of IIH>dellr11g proJCCI~ umkrtakcn 111 !he S.rn 
1 r.rnLr-.ur Hay •\rc:.r rn Jire car Jy lonrrd- J9W\. hc:g;r11 wrllr 
;r fil'>l form .timo,¡ n.rltly lrke that of !he l.m1ry model 
((;,rldl1t:r l%ri) f!ll\ lr~'>l form of the modcl, \\hrLir we 
'>h.rll rdc:r lo,,, PLUM. h,td 111 11> popul.r1ro11 allue.llroll 
procedurc: trnl} Ullt: '>~gnr~Lal11 \llh'>lanll'.'t' drlfcrencc !h.rl 
hcr11g !he u-.c llf .r r.rlher drffe¡ent aii<K.rlrol1 frllll!IOI1 fnrrn 
1 uwry ' '1 hh ,rlloL.rlrllll fun<.tron r-. tlf \l>llle 1111er "'' and 
11 wrll he thcflll to de">Lrrhe rl, along wllh \lllllt: notrtlll'> ,¡f 
!he lheur) r11rplrcr1 111 !he'>e .tllt''>~-;rllr.rLirve 1ype' of 
;rllucatron ftrnLiron, "' tl'>ed !11 the v.rrrutr., l.uwry nrodeJ, 

Frr'>l rec,rll th.rt the.,e rnodels conrern thermelve'> wrlh 
a >el of trrp maker> .rnd tlrerr wor~-lo-home or home-to-

work trrp maJ..rng hehavror T.rkrng fur n,tnrple .r 
partrcular orrgrn ami a,•;umrng all other \ .rrr.rhJ.:, lo hc 
equal. !he thet>ry po~orl.rte'i th.rt thc trrp' Jo .rn) grven 
tle,trn.rlron wrll he prorortronal lo the drttkuli) nf 
rt:.rLhrng !he Je.,!rn.rlrlln .rml !he dc:grt:L' lll whrLh !h,tl 
p.rrtrcular dc.,!rn.rlrtlll '' L.tp.rhk ut '"'"f)rng !he trrp 
rurptr'>e Thc: drtlrcul!y of rt:.rLhrng !hl' dc,trn.llron ,, 
expre.,ed rn terrm of tr.rveltrme or c0\1 The degree 111 
11hrch !he partrurl.tr de,lrnaiHln "l.rp.rhle ,.r -..rlr-.fyrng 
lht: lrrp purpo'e "u,u.rlly npre.,-,ed 111 IL'Int'> nf '>trme 
me;l\ure nf .tltraLirvc:ne.,-,, nppnrtrrnnre'>, or quantrtre'> of 
.rltnrLior'> lol,Jied al !he Je,trnatrtll1 Two pll>'>lhle 
varrahJc, nften rnlluded rn the ·,¡JI tllher v;ur.rhJe.," li.l'>, 
.rre p.rr t rcrrlarly rmpnrtant .rnJ .u e 1 hc:r dore \tllllt:llllll'' 
rnlltrd.:J rn the'>e fnrmulatrom Thc JÍI\1 uf lht•,t• " lh~ 

que'>! ron of rnterve'nrng npportunrtrc:' "' di\Cll'>'>cd .tbovc, 
.rnd the -.eurnd (re.lily JLI'>I a drfferenl ftlrmnf the fir,l) '' 
the po-.-.rhrlrly of compctllron .rnwng\1 .lilt:r n.ttrve dc-.trn;r­
lrom Rolh tlf lhe-.e wnu:pt-.; hav.: .tppe.tred rn drfferent 
mude!' 111 vantHI\ way' 

The allocalron functro11 ll'>ed rn thc~e mntkJ., m.r) he 
!huughl of d'> h.rvrng two ulrnpnnenh The trr't urmpo· 
nenl "!he prohahrlrty of m.rkrng .r lrrp. f,rr .1 grvc:n llrp 
purpo'>e. ola p:trtrcui<rr lenglh Thc \Clnnd urmptlnt:nl" 
the me.r-.ure of .rl!r.tllrvcne" uf the dc.,trna!run In the 
PI UM moJel lh~· prnh.rhrlrly uf 111.r~rng .r lr.p pf lc11g1h t 

'' rnver,ely propurlronal lo !he !t:ngth -.quared .rnJ 
drrectly pro por tro11.rl Jo an é\P<lllentr.ll frrnL111r11 of the 
negalrw reuprtlc.rl of thc length Th" frrnLirtrn "applred. 
111 !he .rlloL•I\Illll uf IC'>IlicnLe'>. lt> .rrll1tll.ll rr11g' .rll•und 
ealh grven orrgr11 7t111C Frr\1 the proh;rhrlrty of m:r~rng a 
lrrp from !he grvcnurrgrn lo .r grve11 .r11ntrlth" l·.rlurlakd. 
.rnd !hen thh proh.thrlrty r<; drvrded among'>l the /Oilt''> rn 
!he ,r11nulu., lb":d on lhl'> procedrrr e. a m.rtrr \ uf trrp 
probdhrlrtre'í from t:.rlh zone t<l e.rl·h othcr 1one " 
calculated Wrth thc u-.e of .r ".rle f.rll<ll, the\é' 
prohahrlrlre' .rre .rpplred lo the /lll1.rl empltlylllcnt lo 
produce lht' d!'>lrrhutron of re'>!denl·e., The~e .rlloc·atr<lll'>, 
a-. w.r'> the c;"c 111 !he nwdeJ, prrvrtHI'>i} di\Uh,ed, are 
-.ubJCCt lo ,rver.rl ntcr n.tl urm1r.u111\ r eg,trdrng den-.JIIt''> 
and lanJ .rv.rrl.thrlrlle'> The 1'1 L1:\1 model u-.ed nn 
.1111 ;rctr\·ene'>'> mea-.ur e 

An rntere'>llng .r-.pell of !hl'> model. thLlllgh proh.rhly 
1101 thenretll;rll¡ urrrell. ral\e'> .1 gener.rl qtre'>ll<lll whrLh 
r-. worth nolrng Grven !he !>IIUa!ron of fort'ld'>lrng from 
'omc ~nnw11 h;"e ¡c.tr to ,oí-Jre futurc: year. the PLUM 
modcl '' fir'>l tl\cd lo m.rJ..e 1!\ ov. n e'trm.rte of l.rnd rr-.e 
.rlloL.rlron for lhl' ha,,; year The'c C\llln.rtc' .tre lhen 
-.uht rac1ed fr o m 1 ht: k nown h.r-.e ye.tr di'>tr rhuJr,rn .rnd 1 he 
re>rdu.th, whrch .rr.: !he varr.rnLe'í no! L.tpltrred hy !he 
model\ equa!Hrn-. are '>aved The m<ltkl thrng rh tlwn 
t:'lrmate-. uf 1 he h,r,c ycar ,~., rnprrh lht:n m.rJ .. c:, .r furL'L a-.1 
ol !he flllliiL' ye;rr ,rll<lCllllrn-. Tu lhr' flllt:L.t'>l. the 
prCI'Illl~'>iy l.:lculaJed r e>rduaJ, .trt• .rdded rn .rn .tlll'rnpl ltl 
pr,·-.er>e,the un,·\plarf1ed v;rrr;rnLl' Jrum lhL· h.1,1.' )C.rr 
The llltere,trng qllt''>lron r.rr~eJ here ha' tu do \\'rlh the 
fall th,ll .rlf of lhc-.e modeJ .... rf run rl.'l'lll,l\'eil 11ver 
'>t'Vt'ral Irme perrod.,, tend 111 Ju-.e tlr "wa,h out" the 
unrxpl.rrnL'd v.rrr;ttron, fmm therr furcL~t'>l' Thtr\, one 
mrght ob-.er ve nllrrt• ') <,lem.rlrl v.rrralron from trmc: perrod 
lo Irme perrod ;" .r long run. rnvolvrng 'cveralrnur\ltlll'>, 



nf one nf thc~e mndel~ Wd~ made The que-.lion uf the 
1111J10rt:rnLe of lht· vanance nnt c~pllired 111 the model 
equatron' tend' lo he overlooked rn d.-.nr"ron-. of !he u~e 
,,f trc~c n,,,tfel, Thr.. "an :m;,r w!l('re further re-.earch r' 
nece~~.ll) nnt only (a~ ¡, currently the ca-.e) !oward-. 
n:ducrng the amount of unexplarned varrance. but :rl<,o 
toll'ard~ Loprng wrth -.uch unexplarned variance a' 
rncvrt.rhl¡ wrll he prc~cnt 

/\ mor e rnent ver 'ron of the PLUM model. whrch wrll 
here.rfter he rdern:d to ;r~ !PLUM, wa' dcveloped ;¡., an 
rncrcrncntal model In thl' form. the ha;!c employment 
rnpuh ,ue d1.~nge~ from the ha~e ye.11 tn the pro¡ectron 
year. ami all of the modcl\ pro¡ectcd aiiLH.:atron' are al~o 
rn tenm ,1f change' from the ba~e ye.rr (Goldner. 197~) 

The,e ch:rnge' are added to the ba~e year vanahle-. to 
product> 1 he fLd u re ye.rr prtiJectron-. Thc allocalron 
fu,Ktinn :n !PLUM " ha-.ed on the -.ame cxponentral 
1!\p:e~,,nn ·'' ll'.r'lu~cu rn PLUM, u~cd rn a \omewhat 
d11fcren1 w.ry An app.trent dttempt tn mtroduce the 
m•llon ot mtervenmg oppnr!Liilitie-. r\ .rdued to the 
lPI.l:\.1 :rlitlC,ttron algonthrn. In thi-. ca'e the prohahil11y 
···1 lr:l\l'l:r.¡! frt.m ,, grwn tlrigm /Ont' tn.r gtven de~tm.tlton 
'''lll' r' equal ''' the pwh,thtlity of tr.rvelrng lt• the rmg 
(annult:-.1 u1 11 hrch the de-.tmattOn zone" locatcd, drvttf~d 
h¡ thc trav~l tune from the 11rJgin 10 that ring 

Addl!rnnally, m th.: !PLUM nwdel a mea~ure of 
atilacttvcn~:-.~ of the po~"hle de"malltlll\ ~~ rrllroduced 
Tlm m.:;¡-.ure 1' b.t-.rlally .1 mea-.urc~ of rc"dentral holding 
c<tp<tuty. a r.tther -.1mple functton <>1mtla1 to that Lhcd rn 
the Ltthrop-Hamhurg model revrewed above The 
attract1venc~~ ¡., 'llnply the produu of vacan! acre<~ge 

trmc' the re\ldentral dcn~lt)'. hoth of whtch are h:1~e year 
rnpuh 1-l.tvmg lo~lculated the attractrvene\\, or as 11 " 
c.rlkd m the model, the opportunnt.:, rne;,>ure. 11 "U\ed 
to II'Crght the pruh.thilrtrc' wh1ch are c<tlcul;rteu in the tnp 
proh.rhl!tty functton dc,crrhcd abtiVt' fhr' modrfied trrp 
pwho~htlrty rnatrr\ " thcn <~ppltcd lo the Ztltle emplov­
mcnto, to gencr.tlc thc 1onal rt~\ldenttal .tllocal1on~ 

A prohlem whtLh oclur-. when U\lng <tn av:ulahle land 
type of opptlrtilllllte' me.t,ure re.,ult<; from the fall that 
7t•ne~ at the frrngc of 111han arca-. tenu hotl1 to be l<trge 
.md t1• h.tvc l.trge qu;mtiiiC~ of v.tcant l.tnd The U<>e of 
vo~c:lllt l.tnd ·" " me.t~llre 'of attrdclll't:llt'\\ u-.u.tlly 
t1VCI\I,tlc·-. tlw devclopment potentr:d of thc-.e ¿onc\ Tlm 
" diiL' to 1 he 1 .tL t 1 h.11 111 order fpr 1 he dcvdoprncnt to 
hectlllh~ ¡¡ re.tlny. 'o me level¡lf what ¡, J..nown a-. L•t h<tn 
mlr.t-~lnll'lllrc f.tu!IIJ•:~. ~Lil'h a' w.ttc·r and 'CWL'r lme~. a' 
well '" dectnclty, rnu,¡ he avatlahlc In rnany urhdnlrrnge 
7tlllt'' the-.e f.tctlrtre' tend not tn he av,ul.thle <~nd 

thetdnre to -.1,1w development to ,, degree not properly 
repre,enteu by .1 -.rmple vacan! area mca;urc 4. rernedy 
for th1,, for fnrt•c.t,lrng purpo'e~. r' to nwdrf¡ the 
opportumtrco, mc.t~IIIC by ~lllllt' functron whrch in ~Onlt' 

11 "~ me.t,ure•, !he dcvelnparrlrty of the-.t' fr mge are;" 
Ont' 'uch m.:a,me. tl\c'd hy Goldner. w;h de-.crrh~d 1n 

tam~ llf :he prnptlttron of develnp:1hle l,mu whllh ha~ 
ah e.tdy heen uevt:ltlfled A further vanatwn of th1~ ~.tme 
idc:r ~t'em~ lo h.t\C pwduccu rmproved forecn-.ts 111 ;, 
muLh modJfied ver~ton of !PLUM u~ed tn the modri 
,y~tt·m de~cr•bcd 111 the b~t "'Clll'n of th" p:tpcr Fm.rlly. 
1wnt: nf the PI UM or IPI UM rnodeh h.t~ a trtrly 
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endogeJh)Uo, proLedurc for d1•.aggregarrng hlHI\t'hold 
t} pe' Thl\ úh.tggregatJon 1' done tn 'ome form' uf thc 
11'1 UM rnvdel !ly ;¡n ad hoc proccdl!re whrLh op.:t.rll'\ 
aire,- all of the allL'C<llton, have heen C<1nlpleted 

The la~t mudtl whtch w11l be d1o,cLr..'ed :" une uf t he 
Lowr y denv.tt1ve~ 1~ the res;dentral nw,Jel llllm 1 he R.ty 
Area Srmul:ttron Stud~, BASS In pMirL·ubr. the '.'llln· 

menh whrch f¡ollow wrll refer to th:: HA.':S-1\' ,er,ltlll 
(C'REUE. I%R) Thrs model ¡,oí c'\111\ltkr.•h:C r'llpnrt.tnt.e 
in the evolut10n of urhan lanrl uo;e mnde:~ All of the 
fllOdels d.-.cu~~ed prevtou~'y are \liiCtly dcrn.tml ortented 
model' Thu~ the1r forecust~ oi re,ldenlrai :tllocatíur¡-, .tre 
funt:llon-. ~¡1lely of hou;ehold dc•n¡and. .md a1 e on!y 
\Omc·,•;hat cun~tramed, tn a rather :ub1trary mann~r. hy 
the avatlabtlrty of re-.identral I<Lnd lt 1\ Llear however. 
after cven Llii'>Ory Lon-.ldcrail<ln nt thc d) ndtll'L' of.thc 
ur han lanu market that the ~upply nf hnu~111g and/or 
re\ldcntJ.tl land wrll hal'e a ''gnJfl,ant afft'l'l on the 
ulttmate reo,olutJon nf dem:tntf for re~tdcntr.•l ltl\.a~rnn 

The HASS rnodel wa\ the fir~! urh.tn bnd li\C rnodcl tu 
1ncorpor~te expllcttly hoth the \Liflply .t'ld the dern:111d 
"de, nf the pruhlcm wllhtn thc alloL.Jillln p1ot:cdure 

In the BASS rnodel the·re~identtal hnu~tng dcmand anu 
JC~Identtal housing -.up~ly a1e calcul.~tcd ..,epar.t:el~ and 
tht>'l trldlLhcd. onc lo the other. to determ1nt' the nnai 
locatiL'n The dernand for hou;;mg, rn e"ence. " thc 
product of ~n accc-.<;rhdl!y meao,wc ami a mea,ure nf !he> 
polenttal ~upply of h~u ... rng The .tcle,•.rhllrty 1\ .:"en­
trally that of re~tdence lo work plaLe The prohlem m 
attcmptrng to de-.cnhe th1~ prt1Cedur~ ,, th,¡l t¡,e mtHlel 
make~ ex1en~1ve u;e of COJJI;tructed v.trr,¡hko, the calclll;t­
tllln'> nf whtch are cmheddeu 111 a large. ra!her cornpll'\, 
nwdel ~yo,lem Tne accL''"hrl1ty me.r,tlle heg1n' h} 
calculatmg an employment mea~urc hy wne. a wcrghtt'd 
functron of ,both h.t\C year employrnent '" well a' a 
pro¡ectcd employment mcrement Th1~ cmplnyment 
rnea-.ure ¡, rn turn uo,ed tn con¡unctrnn wtth :rr. nngt:n· 
ou,ly provttfed me.t\ure of the potentinl ~upply nf hou-.mg 
to produce what "calkd .1 meao,l1re ol the prnpnrtr.m of 
tnt,tl hou~rng demand employed m a Jl<lrllllllar trae! fhr, 
mea,ure r; usetL rn turn, to cakulate a further mt::l\tlle of 
acLe~-.rhrltty lo cmployment whtch mvolve~ a ueLitnmg 
lrne.tr functton ot travel t1me frnm the nr1grn ¡nnc ,111d lll 
the pO'-\Ihle de<,~rnatron 7one,, u,c,l to werghl the 
cmployrncnt mc:l'llrc m the d~'lrnal!llll ?nne' 

De'p1te the LonfLI-,¡on ~urround1ng thto; model, d11e 
l::rgely f(l r.~ther tn.rdequ:lle doctllnent,tlron. thc rea'l'fllng 
heh1nd thl\ proceclure can he dedL'Ccd and ma~ be 
de~Lnhed as follow, Ftro,t note th.1t th1~ -;,ctc.,.,rhrltt) 
mea,ure " ulttm.ttely to he u~ed m ¡¡ htHr\Jng dem.1nd 
..:.tlculatron Thu-. 11 ' ' po<>>thle In con~rdrr \h.: tiro,\ 
employment mea\ure utlculntrd, d~ a me,hllre llf poten­
lfal dem:rnuer-. of holl;;rng, :ncludrng hoth n;,t!ng 
.:rnpiL•yte' and new emplo;·ee'í who h:rve the:1 pla, e of 
work, •,.ty tn .trea 1 Subscqucntly, the nexl rnc'.t•.l:te 
calcul.tted may be con~tdered '" :t mea~ure pf o~gg¡eg:rtL' 
potentr;.l demandcr~ of holl>tng m arca t Tht' cl.:mand 
re;uit~ from the prevrou~ly calculateJ dcmander,, ;:d­
ju-.ted by ihe -.patral dr..tnhutron of the potcnltal ,urpl) pf 
hou,mg rn ~llnound1ng arca-. Ftn.dly. :he dLlt:,,th.lll) 
mea,urc: for any .1rea r 1~ the rc~ult nf thl' 'f'·•tr,d 
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dhtnhutJOn of !he ,idJU\led me:hure of dem.1nder,, ag:11n 
lo1 .di ,u¡roumhng .~rca,, ami thu, the dCLC">ihdi!Y 
lllL'.I'liiC "one of .ILLe,\lhlilt\' lo potenllal demo~ndcr' of 
hoihlng 

'1 he· me,¡,ure pf potenllal '>llpply of hPU\lllg m the 
B •\ '>S model 1\ al'll u>n\lrtiLled 111 a \Crle' of \Omewh:1t 
oh,curc 'tcp' The p11nup:d mpuh mvolvc the product of 
.1 IIH.\i,IIIC uf thc rclo~II\"L' 'ull.ihdtly of land 111 the .~rea for 
h1>thlng lllllL'' !he lllL'.I'llrC pf thc "hold1ng ldp.tclly'' of 
1 ht: dcvt:l<lJ1.1hf.: l.llld rhc 'llll:ihihty lllC.I\llre lllVlliVC' :1 

nurm.~l,;,·d nlc.t,llle' ol nl'ltlng nc.trh) hou-;mg 'loLk' 
f¡¡¡¡h,·¡ adJu'tcd hl th,· 'lope ol thc l.tnd 1n !he are:1 .tnd 
the plll\Y mc:l,llle' of l.tnd v:duc The mea,ure of 
dcv,·lop:ihlc l.md lllehldL'' plCI'JOII'Iy C\l,!lllg val,\lll land 
.~, •wll .~, lo~nd lll.i<k av:ul,d.,le hy demolltlllll t>f old 
hou"ng 1 hl'l entllc pwduu '' then furlher mod1fied hy 
e \ogeJHHI'I mt.:o~,\11 '' of at l ract1vcne". all ol whiL h 
re,ull'>, .1l he,t, 11) .1 1:11her fuuy not1on of exactly what" 
he'lllg L.ilLulatcd m thl'l part of the motkl Fmally, !he 
nlco~,llrc pf pPlent,,d "'fJply of hou"ng 1' mult1phed hy' 
thc pre1 Hlii'IY ,,duil.l!ed ,1cce'"hdlly me.I,Ure to ohl:un 
11 ho~t '' c.dled lhc demand po1ent1al Th" demand 
pulenll,d 1'> then normahzed and converted lo housmg 
dt:lll.illd by /\lile rile <fL'Illand h then maiLhed Wl!h !he 
L.dudo~tcd h<Hhlllg '11pply hy wne. wllh .my nLe" 
IHHI'IIng tkmand he mg ,,1ved for \llh'>equen! llcratlon' of 
thc nllltkl 

<\go~1n 11 ,hould he noted that the BASS model OCLIIple'l 
a p1vot.d po\lltlln 111 !he 'tre.1m of clevelopment of urban 
l.tnd u'c llHldL'I' ·\11 the prCVIllll'>ly de,cnhed model' 
tkvelop a llll'.l'l'rc '" mea-,ure\, of the attracttvene~' ami 
.IL'Le'"hill!~ of c'.IL h ;onc ami 'lih\t'411Cntly aJft,cate 
homehold' to the,c 7one' 111 prt1port1on to the mea,ure 
Thcre 1' no con\l<ferat1on m the~e model' ¡¡~ lo the 
,¡v,¡d,¡hdl!y of htll"lng fo1 the loc.ltmg hml'lehokl\ While 
,, fnv clfort' h.1ve· hccn undert.tken w mlld~l the hou,mg 
'uppl), IH>ne· of thc·"· haJ heen mtegr,lh:d wJth modeh of 
thl' holl"lll:! dcni<~IHI ·\ not.thle 'upply "de mlldel w,¡, the 
\1ih111 f) 1 lltlc· ,¡ud) of thc: :-,,In 1 r,¡nc"Ltl Holl\lng 
M.~r~et :1 r.llha compln \lnllll.t!lon of IHli"Jng fihenng, 
Ullhtrtllllllll, ami dcnw1Jt1on (Wolfe, 1%7) The Herhert­
'ltc·ven' modcl. de,cnhed helow,lnclude-. h<>ll\lng \Upply 
'"<lile' of ihl' dctcJillln.inl<; of hou,ehold l<llatwn, hut doe-, 
JHlt .tttempt· to gem'l:lle c'ltlnJate' of hou-.mg 'upply 
w1thm thc· nHltkl ClHl\equenlly, the BA'IS model, de,pJte 
111.111) ,hortC<lllllllg'>, p.ullllllarly lhat of -.oml'\vhat lnL·om­
plete emp111cal 'upport for .111 extremely lo,ng cham of 
o~"e1t1om 111 1t<.. thenret1cal development. wa' the fir~t 

operatJonal moclel ltl lmk expiJcttly the ~upply '.tde to the 
dcn1o~nd ''de !ven IHIW, ,1fter a dt:L.Ide, ve1y fcw olher 
nwJeh h¡1ve .~ttcmpted to dral w11h th1' r.1ther CIIIJL;d 
prohlem 

'\ n1odc:l wtth .1 vcry \lmd.tr overall '>lructlllt: to the 
RA'IS modcl " the relattvely rcLcn! NBER nwdel 
1 lngr.1m. 1'1 u/ I'J7~1 Whde 11'1 di\Lli'>,,On al th1' p01nt " 
chroJwlogllally llllt nf -.e4uence, 1t ~~ <tppropnate tll 
dhllt\'> tt here hecau'>e tl 1~ a >lep toward\ a more 
mlun-de,cnpttve model ,md ti '' a ~omewhat hetter 
1111egrat1on uf atl of the neces~ary components for ..1 

LOmpkte nwdcl of the urban hou ... mg and hou~ehold 

'Y'! cm At the r<~o'l general leve!. the nolt,lllof general In)! 

,\ \f1alt.d tf¡,tnhUIIOll of hOII\Ing '11ppl1 .111d " 'fJ:IIIal 
d"tnhut1on nf hou\lng dcm.md .111d tht:n mo~ILhm~ them 1\ 
C<)nt,uned 1n hoth HA'IS and NBF:R Th" noltnn 1' o~l-.o 

¡mpl1c1t 111 thc Herherl-'lteven' model 11 h1ch predate<; 
both of thc~e. hut wh1ch accept<; the hou\lng ,toLk a<; 
exogenom mput along w1th an e\ogenml'lly -.uppiJed 
hou,ehotd p1eference funcltnn The Hcrhcrt-'lteven' 
Modcl wdl he d!'lcll\,t'd hclow 

In the NBF:R model, the proced111e fo1 dcwlnp1ng the 
\fJ,\II.d dl'ltnhllillln of holl'ltng '>lipply con'''" <lf th1ee 
pr111LIJ1.II -.tcp, Fl\\1, ,1 vae,lncy ,uh-nwdcl e't1111.1te' lhe 
hou"ng v.IC.IllL 1e' h~ ;one wh1ch develop ,\\ a 1 e,uft of 
hou,eh11ld, v:1catmg the1r curren! h<HI\IIIg 'leu,ntl. the 
fil!e1mg 'lllh-moclel e'>tlmate'l lhangc' 111 hothllll:! 411.thty 
h<llh negallvély due lo agtng a' well .~, po\lll\ el) due lo 
renovat1om ,md 1epa1r The net rc,ult of th1' plllt:e" J'> .1 

dh!llhullon of l'\pectcd pnce' for \'.iiiOII\ hotl,lllg type' 
hy zone Th1rtl, the \Uf1ply '>llh-model for \Jnllll.iltng 
demoht1on,, LOil'llrtll llnn\, .md 'tllll tltr.il 11 an,fornl<l­
llon' fmthLT nwd1fie' thc th-.tnhullllll <lf hntl\1111:! '>IOL'~' 
Thc net re'lult of the\e three '>llh-modcl' '' the 'fJ:Itt,tl 
tf¡.;tnhutton of hou'llng hy type .md ?one whll·h 1' 
-,lv:nl<~hle fl1r necur;-¡ncy hy the hnthlng demander~ 11 
'hould he nnted that whde md11 1du • .t 'egmenh pf the'>e 
-.uhmodel' are rather dlfTerent from :1ctu.ll p.trl\ of RASS, 
there are many pomt-. al wh1ch the model\ ,1re otule 
\!m llar 

The demand e'>tlmdtmg port1on of thc NHFR model 
al'o cont.um th1ee ~uh-model' F1r\l, the employment 
lncat1on ... uh-moclcl tran~l¡1te-; exPgt:nllthl) developed 
e\tlm<tle\ of eh:mge'> 1n employment l<lCalltln mio 
numher\ of employee'> by place tlf work. 1ncome cla\'>, 
,md educ.ltlon da" Second, the move¡', ,uh-model 
generate' e<;tlllldle'> nf the numher' pf hou-.mg deman­
der' The<;e are the ,um of mter-metiClpohl.m mover'> a' 
well a\ new hou,ehold formatton' Fmalty, !he demand 
:dloL.Itton \llh-model .IIIPcate' the hou,mg dem,mder~ In 
the vanou<; ho11~1ng typc' That 1, 11 determtne' thc 
dl,tnhllllon uf ~md' of hou"ng whll h will he tknwndcd 
by the v,mom type' Llf hou\chnld, on .1 n:g1onw1de haw;; 

The final <;uh-modelm the overalt 'Y'tem " lhe mar~el 
cleanng \llh-model Th1'> ,uh-model 1\ an .. logpu' to the 
... upply ami dem.1ml 111.1tchtng 'uh-model tn RAS'> and '' 
rather 'llmil,n to the e"enllal Lnmponenh of the 
Herberi-Steven'> Model Th" 'uh-model utJitze' .1 !mear 
programmmg algonthm to finJ a lea't lr.1n-.port co'>t 
,dlocJiton uf hou,mg demander' workmg 111 wne 1 to 
hou~mg ~upplte<; 1n ?One 1 Thh alltll:all<lll ''done for one 
IHHI'Itng type at a t1me wtth the mm1m1zat1on hemg a 
functton of lhe tr.tn,port co'h Tran,port LO't " 
Lomputed hv mode for each llllllme cla" (hou,ehold 
tyrel. by t'.IL h re'ldentt.d zone, and e¡1ch wm k-pl.tu: tone 
The CO'>l 1\ !he we1ghtcd \11111 of tHll-of-p<lLkct IJ.!VCILO"ít 
plll\ tr:I\CJ llmC, Vvhlch 1\ LOnVelted In Cll\l h~ Wetghllng 
w11h the tmpl1cll wage rale nf the 1ncome cl.t\\ fo1 wluch 11 
" he1ng lllmputed Havmg found C.ich of t he'e fe;¡,¡ lO~t 
dlqnhtlllon,, the ml1del " conLiudeJ Hou"ng pnce' are 
up-clatcd ,md other 1nputs prepared fn1 '>lllCC:\\IVC 
regreS\JOn\ 

The propo<;ed Herbert-Sieven-. model menttoncd ahove 
(He1bert, 1 D. Steven,, B, 191i0) w:1' the fon:runner of: 
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more lhan a dec<~d~ d t:nnlmumg re,earch nn developtng 
.tnop.:ralt(>n:d ver,tün of lhl\ conLept of the dynamtC\ of 
urr,tn ,p,tlt,rl kLalton The model hc:gm> hy <1\\llnllllg .rn 
CXI\i,ng dt,trthutron of holl'>tng ,h,ck'> a\ wcll ;" 
1-.nowlc:dgc ahou1 pcr,onalutlltty nr prcfereme functton' 
of hnll'>ehold, T11e ovcrall con~truct of the model '" 
rncrt·mental m n.tturc. the ptoce'~ retng thal of adthng an 
rncremen1 of po¡wlalton w cach 70ne The model 
prc<.llmc' J...now!cdgc (lf hoLhehold hudget nw~mg activtty 
rn thal tt make• 11\<.' of a prefer~ncc functt(•n t.rlletermrne 
hou..,chold J,JC.tllon lt '' ,¡,~llmcd that each hou,ehnld 
lype ha' a hxcd budget nf which a cert:ttn p<iri lllll\l cover 
C(hl\ of local ion wfmh tnclude amentty t:O>I, hnll\tng co~t 
:tnd lrall\pOtlaiHln LO\( rurther, 11 t\ ,t\\UnJClf lh,tl tire 
hdll,<'hnld '' 1.\'tlltng to m.tke t:crtarn tr:tdc:,rff'o hetween 
lhe'>C: Thc rc:matrrng .tlll(lLJnt (of money '' wh<~t 11.11 rt'> 
1 191.1, p 9) ter m' ''b1d-rc:nh" Th" arnount ts what '' 
a\.rtl.oblc: for l.rnd-r~:nt Thc: modc:l titen u'c:' ,t lrnc.tt 
progr .unmrng .tlgorrthm lo lot:<~te hothehofd, \O "" lo 
m a xrm11e tlrc•r hrJ-rent paying aorlrty (not the rent~ 

actuallv p:~id however) The !mear pwgram ai!<Jcatwn of 
holhehold~ tn the holl\tng \IOck' '' .. uch a' lo re~ult tn a 
pareto-optimal dt-trthutton. That ~~- 11 would not he 
po~~ihk to L·hange thdt dl\trthlltH'n rn order to make any 
g1ven hothehold netter ulf without ma~rng 'oOme other 
hou,ehoiJ W•lr'>e off wtth re,pet·t tu the uttlity leve! 
recetvcd for the g:ven btd renl 

Dc .. plle thc r.rther nnef dC\Crtplron grven ahove. the 
concept\ cmhcdded tn thl\ model .rre of particular 
importance. A cono,tdcrai-,Je quantrty of tmportant re­
o;;earch h.t\ hc:en dl•nr on varr<Hh a~pech of lhe 
Herh:r!-Stcvcno, m<Hh:l. to whrt:h lhc readc:r " referrcd 
(H.trm. et al 19óó Whe,tton, 1973) Tht\ work includeo, 
exh:n'>t!JO\ to ami ti.'Vt,ton' of the thcory ;1', well ''' 
emptm.tl e'>tlmatton uf the pref.:rence function-, ami 
h:"rng uf nwdl'l pwlotypl'' 

1 hl.' Urhan l't:t form.tnLt' Model tRrown ami Ktrhy 
1971. IY71 a) '' .tn ,·llc'lll.ttrve macro-de-,cnptrve t·on~trut:t 
whtch fall, '-t>mewhl're ht'lween the Lnwry ami thc 
1-krhert-~tl'ven-, u>n'>lrttLh Thc l.'\\ence of the model" 
that e.tlh loL.tlor m.tke' tradeo1f, hetwcen "op¡wr­
ltlllrtte'" and "qu.rlrly" .111d allemph to loca te .ti a potnt 
wherc the hrghl.'o,l "relattVI.' ulilrty" '' att.unecl Th" " 
done hy fir,t t:akul.ttrng mC:<t\ure' of "opportunttte," 
whrch. opl'ratton;tlly are rath.:r .. rmple :tcce"ththty 
c.rlculatron' The opportuntltC'> ate a fun<.:tton ot acce~' 10 
¡oh-, .tnd "non-¡oh .ttlrattivene~, ... where the i.ttter lurn~ 
11111 tu he .t heavtly m,l\.,agcd '>llrrogatc me,l\llre hao,l.'d on 
ntln-worl.. tnp travtlltrnc' The "quallly" '' •ntended tu he 
a me.t,ure of "!he o,,tll\factrono, uf urh:rn ltk rn that 
loc:tlttln amlll~ rrnr71ed1ate \Urroundrng," Oper<rltunally 11 

.tppea" 111 he a nornt.tl!;.:d rnea,ure of the propPrtt¡>n of 
dttferent re\ldent 1ypco, tn al! ;one\, Wl.'tght.:d hy the 
dl\t.tnce from the lllflt' of rntcre\1, 1. w eat·h other 7one 1 
ami -,ummnl over all 7onc-, 

H.rvmg .:akuhrH:d the,l' mea,ure<;, the relattve utihty of 
I•K:ttron :n .r p.trlrurl.tr 1one "calcula1ed a-, thl.' produt:t o~ 
th.: opportuntttc-, and !he qu~llly, each uf whrch "r • .rsed 
to ,rn emprrr.:ally derived puwer, called an e:a-,lti:tly 
C\pnnent Srnce the valueo, of oppor tunrty and qu.thty 
ch.rnge rf a untl of .tllrvrty " located rn <1 wne. rl " 

po~\lhle In calculate a mm grn~d l'trlrty of loc.ltton whrch 1~ 
the dtffcrcncc m relattve uttltty duc 111 the loL.rtron of .1 

o,m;tll qu,tnttly of ,¡ particular acttvily 
1 ncation of aclivtty 1~ accompli~hcd hy c.!lculattng, tor 

each loc,ltor. a rclative preference for each znne. Th" 
reiattve preference i~ the product of the ahove de,mbed 
'llargmal utthty and d hold,rng cr~pacny whtch ¡, an 
e\ponentt:tl tunction of the product of th.: prior average 
den\lty of developmcnt of the lncaltng :tL'Itvlly and an 
exogenou~ly <,upplied qt.anttty oi tand The trla11ve 
preference~ are then u~cd to rank each 7('nt: An 
tnctemeni of activrty ts Jocated rn the wne of grcatl'SI 
relattve pteferl·nce and the enttre proce~., i' iter:.tted 1111111 
all locator' are located 

The doct•mentattrln of tht~ model '' tH•I ,uffktentiy 
dct.nled 10 further evaluate tht: ntodcl, ami tH' dl\cu'"o" 
nf ,tny cmprrrc.tl te~t1ng rs provtdcd i\1 1lt1• pn11tl rt (an 
only he o,ard th.tt 1he general t·on'>lrttLI of thc UPI\1 '' 
~omewhat tntere<.ling, but lhere " no ind:catwn .1~ 1<1 its 
operattonal usefulnes~ 

Nnn- Belravinral Mndels 
While lhere are a number of the~e rnodel~ whrch have 

heen developeu. the only onc which ha<. had <;ttffictent uo;e 
and/or tco,ttng to he worth revtewrng here. ~~ the 
EMPIRIC model This model, which w:1' dtscu<,•.ed under 
hoth m<~rkct ~en<;tttve and non-market 'eno;ittve empllly­
menl model~ ahove, is al~o regularly uo,ed fM re~rdentwl 
forecaslrng A' ment10ned ahove, the h'"" for -,~rch 
models "that there" suffictent correlatron between many 
me:mtreo, of urban altrrbute~. and that the~e rel.tttorhhtr~ 
,rre o,uffictently 'tahle, 10 allow exlrap¡,fatron vr.r thr' 
model to he rea<,onably uccurate tn rnn'>t ca<,e\. 

A-, ~taled ahove, the concept of the model 

' may be ;tated as follows the change tn lhe ~ubrP.gron.rl ,h:ue 
nf a IPL:lletl vart.thlc rn e.rch >uhare.t " proporlrnn.d '" !he 
Lhangc m the 'uhregtnnal 'hare of all oJher l<>c.tted v,,rr.thfe, rn 
1he whregrnn. thc change tn the 'ubreg¡on.tl ,J;,¡re nf ,, numher 
,,¡ loc,llnr vart.thle' tn lhe \llhregll'n, ,md thc valuc <lf the 
o,uh¡eglllnal \h,uc' of othcr Jocatnr v.rr¡;thJc, "1 Hdl <'1 al t%ól 

The moclel as;ume., an addllive ltnear (On,truct Stnce 
rnany of the tmport;rnt mea~ureo, of urhan .ttlnhute' are 
hrghly correlated and rather ~t;tble, 111' U\ttally po,\lhlc In 
ohtatn rea'>onahly good fih of thts model to the d.rla Thc 
~election of whrch vanables ILI te~l tn flt1rng the r.l(ldel 
m vol ve~ educated gues~es n~ to what wtll wm k. ha,ed nn 
the con\lderahle pnor expenence wht(;h hao, heen had tn 
th~ u~c of tht~ mndel. Cnttcr<;m of lhc model ~tcm~; 

prrnupally front rt~ lack of any genurnc theoretrcal 
con\lruct A ~urvey of reports ba<,ed (In the mndcl'' u .. e ir. 
'>Cveral ctlte'i tndtcate~ lhat whatever vanahleo, prodtH:t: 
thc hest stall'-ltt:al fit. those are the one' -;elected for U\e 
Oflen the <,rgn' of the coeffictent~ of the,e v;rnahlco,. not 
lo mentron their detint\ton<,, do not have any tc;hon;thle 
lht•orcttcal relattnn~htp to what ts currently J...nown ahout 
the d:~ter mrrldlll'i of urban phenomena Deo;pltc thr,, ti 
lllU\1 k at.:rnitted that, gtven !he good ~tatl\ltc:JI fit~ whtth 
are ohta:':cd, ti t:, to b·~ e>.pecled that tlm motkl under 
\t.rhle condrtron,, wtll produce tca,onahle ft,teca\!\ f·1r 
rnany 'oltuallon' The degree · to whll'h thl\ modef', 
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per form.1nu: ,., e1ther better nr wor-,e th.1n <>ome of the 
heh<~vror.d motkh h.1' no! yet heen determ1ned 

1 he re dft' · 11101 e model' wlffl h u>uld ho~ve he en 
rcvrewed herc (Jne rrr partrcular tn whrch the re.1der\ 

~- :1ttent1Ún 1\ cdled. h.1~ reccnrly heen Lornrleted and 
r l'pre'>enh ,tn rmporr.1nt further '>lcp rn mndel develtlp· 
ment ( B1rlh, ct al 1971) W!l-,on·, entropv·m.Jxrmllrng 
approJch, whrch " more a mean<. of .malyw .. lh,m an 
ac1ual moclel. '>hould he revrcwed by pro-,reciiVé model 
LJ'ier'> or buildcr' r\Vd-,nn, 1970) Many olher moJel-, o~re 

lllllrtted due lo lat k of genu1ne J¡fference' frnm tho<>e 
alreadv 1ncluded. i.Jd, of documentatron. h1ck of '>pace rn 
an .dready twerly long J1dJ1él, ami l1mrh on thro., author\ 
Irme Thc marn '>lream ,,f nwdelling 111 thl'> arca ha'i been 
uwered. howcvl'r. ,d,>ng wrth a few rerrpher,d excur­
<;rons 

In conclu..ron rt ldn be -,een lhal there hao., been rather a 
lot nf wor/.. done 111 lh" .trea whrch doe-, rnd1cate -;lnw 
rrogre" rn urH.IIellrng lhe Gordran J..not of urh.m 
rhennmend To 1he ntent ihat rrognoo.,t1cat1on '' rn ordcr 
thc Her her t-'\teven,, wrth modrfic.ttron'> by Harm, ¡¡mJ 
the BAS'I-NHrR -rre.nno., of thought. rerhnr., a1ded hy 
JlolrOO<, frorn \\'d<;on\ CJll~opy·nW.\InlJIIJlg oiJ1pn>.tlh, dfC 
the 11/..ely ~,•urce uf m.IJtH future devclormenh 

In the next. .md '"'t. o.,ectron of th1-, r¡¡rer a proJelt 
rnvolv1ng the rntegro~IIP!l of a much modrfied vero.,wn of .tn 
exl'>trng laml the nwdel wrth a tran'>porl.itlon networ/.. 
rnouel r~ de~cnbed '" an example of an attempt lo 
de ter JlllllC o.,(lJllc nf the urh.m rhenomena wh1ch are no! 
l'dJ1lLIIt:d hy ""Y uf thc'.o t~re' uf rrwdel PJ1éfo~tcd 111 
I'>Pio~t1on fwm the other' 

~ IIRJI,V> r R~"''>l'OR t .\TIO"' "'HWORJ.. f\10DEI.S 
A'\1> TI!~ IR I'HJ(,fl \TJO" \1'1'111 1 \'I:Jl !''>~ MODEL~ 

Trans¡¡ortutron Net h'(IJ 1- Mode/s 
There ,1re " numhcr uf cornputer rrogram'> or '>eto., of 

prugram, gencr.illy krHH\ n ·" '·nelwor/.. pacbge-." The'e 
gener.dl}' cPnt.un proLedure'> for :ttu•mrlt-.hrng the 
follo"' 1ng t,l'>/..' 

1 T11p Genaatron a determlndtlon nf lhe numher of 
trrr., ollgrn.lt,ng fn,m e.1lh il>ne of the are.1 unda 
rnve.,trgo~tron. often h1 mean-, of nwltrple regre.,'>lon 
¡¡n,dy·." b.,,cd Pn h''"'dwld -,urvey do~to~ 

~ rnr DhtllhLJtiOll " tktermrnatron of the orrgrn· 
de'illno~t1on po~ltern ol the t11p' t''>llmated m 1 ProduLe' .1 

m.1trrx uf trrr' fll>Jil eo~Lh orrgrn to e.ILii de-,t1nat1on. oflen 
by cdrhro~trng " gro~ VI!} nwdel to lit lrrJ1·1nll:n rcw data 

1 Mod.il 'lrlrt .1 de ter mrn,ltlon of the rwmher uf IIIJ1' 
frorn ~- whrch will tro~vt'l nn eo~Lh .JV.iil<thil: mude Done 111 
a v,1nety of way.,, 'omeJrmc'> mderendent uf o~nd 

.. ometrme' JOintly wilh .¡ 

4 Trrr A'>'ilgnment the determrnatllln of the po~th, 

through the networ/..h) whrch wrll he !.1/..en h) thc v¡tfllllh 
trrr'> .. tnd the -,ub-,cquent ""rgnrncnt of the '"P' m ththe 
path' 

The tnr-:l~'>tgnment u1mponent ,,r 1 hh rroce'>'> " 
sornettme-, .nrgmented by the addrtrun of " l.IJ1.illl). 
re<>trarnt or volume-co~pdcrty funct1on Thr.. "o~n expre,. 
'i!On which dc'icrrhe, the trme ro lr.Jvcr-,c .1 nclwor/.. hn/.. "' 
a funllron of the de..rgn capo~c1ty of lhe lm/.., ¡¡., 

hyrothettcal free-fiow volume. o~nd 1l'i a.:tu.d vulurnc Thc 
h:I\JC notron here" th¡,¡ '" thc vulurne 1>11 ,1 lm~ rncre:t'e' 
the J¡nk heLome'i mnre congc-,tt:d o~ml Cdlh ,¡tfdrtl,,n,d 
· vchrcle" encountcr-; .1 -;omewh:tt longl'f 1r.1vel trn1c f,1r 
th.11 lrn/.. When a C.tJ1aCity-re'>tro~lnt functron" l!iduded m 
the trrp-ao.,srgnment rrocedure, 11 "clear that '-lHllt: lorm 
uf rtero~trve \OJUtron mtr\1 be adoptcd <,() th,¡t the prnbJcm 
nf o;ome trrp<; be1ng a~~1gned to ¡¡n "empty" networ k and 
o,ome to a "full" ur umge'>ted nctwork can he rroperly 
re'inlved There are many way<> uf dorng thl'> .!11 (>f them 
be1ng more·or-le~s arbilrary One proccdure 11 hrch ~eems 
"little le<;<; arbilrary than many other-, mvoh e' ¡1\~rgnrng a 
portron of e<~ch orrgm\ !rrp'> ro all dc'>trn,tlrt\Jh ,md then 
repeat1ng thl' rroce~'> ~everal trme' '"Y· Joadrng .JW7r, 
40'71:, and ~0% nf the tnps rn three pa-.o;e, thr,1ugh rhe. 
¡¡-,o;¡gnment rouline (Kuner 197lal 

1\11 thr' ro;; hy w¡l) of an mtroduuron 'mee. 1n fact, very 
fcw urhan l.tnd u~e mocleJ-; ever have ¡my drre,·t 
L onncct10n to the net wnr/.. p¡¡c".tge Thc ,¡,¡ndo~rcl 

rrocedure " to utrlrze the "lrnk·tdhle" from the final 
network load1ng ·" the ha-,¡~ f(>r findrng the n11nrmum path 
from e¡¡ch zone to ea eh other ¿one The'e par h' ¡¡re u'ed 
ro rrepare a matrrx of zone-to-wne tr.tvel 11mc' Tl11' 
m,¡trrx of travcl t1me~ or tmpedance~" thc thll.il form ,1f 
lro~n-,rortatlon rnrut ro land u~e modl'l' 

In thl'> final ~eLIIl>n of the paper an C\o~mple nf the tl';e 
of an 1ntcgra1ed J,tnd ll'>é mndel and tro~n,rortatron 

network packo~ge " de'>crrheu The ro~c/..;~ge wa' dc­
velorecl to .tn.tlpe the rrohlem nf dl'lcrnunrng lhe 
Jc¡¡"hllrty of b.d.mced developmcnt of hmd u'e ,md 
tran<;portatron f¡¡(l/rtre'>, and lo determme whether or not 
l.tnd develormenl o~nd travel could he hrought rnto .1 

\atl'ifactory halance, such that tramportalion rmprove­
ments made cotrld provrde a contrnurng hrgh leve! of 
-.erv1ce over Irme tl'utrnan, el al 1973) The e"ence then. 
of the prohlem wa'i tha! uf contrnllrng (re alterrng. 
drrectmg, .md nwdrfyrng) the '>patr.il nrg,mllo~tron of the 
metropolr<; In p¡¡rllurlar the Lonccrn \\'"' w1th .,p,llro~l 

e\p.m~ron .1nd wrth the fea..rhrlrty of h,d,nKed develop 
ment of J¡¡nd u-,r ,md tran~port.ttron facrlltiC'>. Further, rf rt 
.1ppeared th.1t h.do~nced developmer•' ll'a~ fea,1ble. there 
wa~ the problem of te~trng what mean~ (polrcre,) would be 
relevant to ach1evrng that h,dam.e 

An lntegrated Model Pac/..age 
Two a<;p~ch uf the problem wcre the prrnup.tl 

determrn.rnt'i of the method of apprno~ch Th~ fir~t wa<; 
th.ll of the rnherent cumplexrty of .1 cornprehrn..rvc 
dll.Jiy\1'> of b<~th tr.tn'>portatron ano l.lnd lf<,C Tht: <,CUinO 
IV.f\ the fCl]llrrcment for .1 ,.:Jf-con..r,lent J1fOu:durr for 
te,llng the ~en"trvrty and re'>pono;e of trJn'-J10I tatron and 
l¡md use lt> polrcre~ for therr manrpularr,,n Unfortunat~ly, 

the state-of-!he-art 1n srmuiJtfl)n mudellrng of urhan and 
reg1onal phenomena contrnue<> tu rose o1 prohlern for 
pro]ects of th" 'ort In general, tho~e moJel'> whKh have 
had opero~tron.d ~ucce'>'> are. a! pre~ent, r.1thcr too h1ghly 
aggrego~ted 1n both 'J1atiéll ,md sec!or,d detarl "' 11cll ¡¡s rn 
ulntept Two o.,uch modeb, ao., rcvtewcd ahoH', are 
EMPIRIC and PI.U\1 On the other hand. tiHhe mode/<; 
wh1ch are rnore l't>nu:ptually complete and whrch ~,puJd 
prov1de hrghly detaded fnreca,b, .tre rwt yet OJ1eratronaf 



An example of une ~uch molle!, al~o rev1ewed above, ~~ 

the Herhert-Stevers mo'Jcl as subscquently moddied al 
the Umver~lly of Pennsylvama Nonetheless, 11 was clear 
frum the ouhet, that ,m app1opriate model package wou!d 
need tu be even more complete (and therefore complex) 
than nny prevwu~ effort lt wa~ reqUired that a complete 
~y~tem, 1.e populatwn and employment sector~. land u~r 
molle! and a Lomplete 1 e. pubhc and pnv<~te, rransporta­
llon network moJel, be assembled The overall sy~tern of 
moclel~ had to be h1ghly mte¡;rared w1th re<.pect to model 
.npuh, output~. aqJ frt:dbm:k loop~. Hy thl\ mtegrat10n 
thc moJel pa~kage would ,lltempt lo ehmmate the 
pnnc1p,tl f.1ihng of conternpurary land·u~e or transporta­
tion ~tud1e~. by e-:pl1c1tly including ;he~e feedhack luops. 

T} i'!Cally a tran\portat!On study a~sume'> J future land 
·~~e pattern as g1ven, and'des1gn~ J tr:ln~port.JlHln sy';tem 
to cope w1th 11 Thl', procrdure 1gnorc~ the red1stnbutive 
effech wh~eh are p10ducec by the com.tructiJn of the 
~y,tem Tran~pul!al!on :.ystems obvwu~ly do not JUSI 
sudJo;:nly appear, but are constructed m •i!ages wuh 
con~cquent redtstribut1on of acrivtt1es all d11nng the 
penoJ of ~:on~tructlon. The typicJII,md me 'tuJy a~:ccpts 
a tran~por!atwn ~y~tem •·s g1ven. and then estimares the 
conse4tH:;¡~ di>trihutam of ;,cuvitte~ whlle 1gnonng the 
congr;t1vc: etfech of that d1stnbut10n on the network The 
model package "' described above, attempts to capture 
t~r mterrelakdnc~~ of the tran~portation syster.1 anct' the 
d1stnhuuon of ,ICiiVIlles Th1s ~omprehens1vo;:nes~ wa> 
í iea.ly nt:Les,a¡y ro mec1 the research obJectives of the 
proJect regardmg the feasib1lity of balance between 
tran-;portdllun facil111es and patterns of land use, a~ well 
a~ the te~t111g of polic1e~ to ach1eve ~uch a balance. 

Th.: gcm:1 <~1 ~tructure ot the mude! pa~kage wa~ lo work 
as follow' F1r-.t, tho;: vanou~ base-year data. as to the 
oht.unmg ~p.tll<d d1~tnbut10ns of aciJVIty, along w1th data 
on th•: chM.Lctell\liC~ of the unlo.tded base year 
tr.Lil~flllrl.!fÍun network wcre tu be input The~e Jata 
would then be u~eJ to gencrate a prehm111ary, ancl 
proh<~bly mft<~to:d, e~t1mate of base year tnp~ tak111g place 
111 the metropolitan are.1 G1ven th1s prelimin::u y est1mate 
of 111ps, 11 bewme> pos>~ble to load the future (project1on 
year) network ,o that 1ts travel charactenst1cs 1 e time 
and cost, n:ftect the traflic volumes wh1ch woula be un the 
nélwork ¡f there were no rh,mge mthe ~patml tli>trrbutlun 
of <LdiVIIJe, from the bd•,e year. These netwo;k charac­
temtlc'i, along wlth thl! base year data Hnd the pro¡ection 
year control tot.tlo, would than be u<,c:d 10 generate :i 
~pal1al dhtllbUtlon Df actJviiH.'~ for the p!OJCcl!on year 
Fwm th1~ \p.tllal d1~tribut1on a new e~t1mate uf metropoll­
tan llip<, would he: produceJ The~e WOllld, 111 turn, he 
lo,tded un rhe pnlJeCtlon year tramportat10n networJ.. Th~ 
moLiified chararte11~llc~ of the IHm~portatJon networJ..\ 
would then he u~ed to reallocate rhe pro;ecuon year 
spaliJI di~tnhutlon uf ;,ctiVllle~. Ti11~ th~tnbutJOn of 
alliVItle' wuuld then b..: compared to th.: tir'>l estnnate 
t he1 ro f. 1 f there were no ~1gnlficant drfferem:e~ an 
t'4U11ihnum would ha ve: been reachcJ and the model 1 un 
endcd. lf there were '>lgnlficant ddfcrence~. new trips 
·.vould he generated .wJ loadeJ on the network ~ and 
further no:r,.tlon' run 

lt " very often the ca~l: 111 complrx ,1mulatwn ~lud1e> 
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that the operatwnal ve1 swn of the nwdel system 1~ 

so111ewhat less comprehe:1s!ve than the >i>lem ong1n:dly 
proposed Whilc sorne Slmpllficatlons were ne~e~.,ary m 
the study, tht: princ1p:JI goal of an mtegrated tramport.t· 
t!on model dnd land u~e model w;.s attan11:d The land use 
rnodel used 111 thc op::rat1onal rroJel p •• .:bge wa~ the 
!PLUM model, which wa~ reviewed ahwe TJ11., modd 
accepts th.: spat1al Ul~lnblltlon of "ha>ll'" c~Jplnymcnt <~~ 
mput ·and then solves lor the 1nlenelatd ,pallal 
ch~tnGutions oí pop·.;iJtion ami "n•m·h.L•.1-.:" ..r "bc~l­
~erv111g" ernpluy.nent. Reg1onal lcvel> nf <KliVIty ;,re 
exogenously determu1cd. though th1•." not '' partJcul,ul;r 
un usual situat10n, as \ lr!Udlly all urban land U>e nwde!s 
have th1s property Further, the "has¡c" e1nployment 
loca!lon must be foreca~t e!loge.wu~'Y Acnwlly th~~e 

fureca~h come from a separare 1noael, DI~MOD, w~1ch 1\ 
rev1ewe<1 abeve. hut BEMOi) wa~ nol IIILiuded m the 
l'lodel packa¡;e. Consequently, the spat1al dhtnhullom uf 
!hes~: actJvlties are mdependent uf thc rem,unuer of th~ 
.:~tlvltJes m the model package 1.e. pop•Jiat1on, "non· 
basic" emp!oyrnent, and tran,portc~tion network~ fht~ 

assumpt1on ts clearly not valid over ar.y ollh\tantial 
projection period ancl is an aspect of the modt:l 
package which should be tmproved. Or.e pos~ibdlty 

would be to mtegratc the modellmg .of all employment 
locf:thons, hnk tlm lo the res1denllal model and ltnk th1s 
overall model to the network model, but thts would be 
very amblt!OU~ undertakmg dnd rem:JIIl~ sever:1l year; 111 
the future. The leve! of sectoral aggregJtron m the PLUM 
model is rather more gross than 15 demable, but was 
tole!able m the prehm111a1y development'of the pacJ..age 

1\s de~cnbed above, the pnnc1ple deierm1nant' of 
sp.ttwl chstnbut,on' of a..:tiv1t1e~ 111 !PLUM are "''le~~ tu 
workplaces for populat1on, and ~cce~~ to cu,tomer~ for 
non-bas1c employment The acc~:~~ measure~ :ue ncln· 
!mear funcuon~ of travel-t.m(s we1ghted by attr.lltlvene'' 
mea~ures of the "tnp destinat1on>" Thc ~.:tu.11 .dlcK.Llltlll 
funct10ns useJ in the !PLUM model have never hccn 
subJected to thoruugh statist1c;¡l exammatton, ,,nJ uur 
early expenencc wuh mtldcl runs md1cated That thert: wa~ 
too heavy a rellance on somewhat arb1tmry "correcilvn· 
factcrs". Consequently, a thorough mvest1gation Llf the 
r.1odel algonthms was made, ,¡nd they hn\e ~mee heen 
moct1fied The~e modificatwn~ appear to have ~uh~t.tn· 

t1a!ly .rnp1oved the model's allocatwns, trough attempts 
to evaluate the~e 1mprovements have not yet been 
cof'lph:ted Of cuurse, <•S 1s the case wtth all othe1 urban 
land use models, IPLUM's leh,tblhty for ~pe~if11: 'mall 
area forecast~ 1~ considerahly le~·. rhan that for gener.1l 
reg10n<tl patte1 n~ 

The transporl<~tlon mode! pad.age ~eleued for L•>t' 111 
the package was devdoped by tht: Flar.mng Sci<:11ce' 
Group at the Umvcr~ity of Penmylvalila (Kuner. 1971¡ lt 
contaim programs for nctwork cod:r¡;, tree tr,llmg. anJ 
~everal alternat1ve capacrtateJ tr;,ffic <•>'>lsnmcnt piULl'· 
dure~ The pnnc1pal (.Onnectwn gomg f•om !PLUM to thc 
Network model 1s vta lllp generatJo'l That h, the m<lln 
phenomenon wh1ch relates the 'palla! di~tnhuuun oí 
acllv111e~ b,tck to the tra¡·,;portarwn f<tcll'li<'~ ~~ ,pe.-lf.c,J 
m term~ of the tíiP'> betwccn .tc!Jvllres wh11.:h nHke u>e of 
the transpurtation ~ystem Two type> oi tnp'> .lre 
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lOI1,idered, worl.-tnp' ,¡nJ non-work-lnp'> A-; ment10ned 
o~htlV<:, 111 ma11y li.ill'>port,tt¡on '>lUdie~ where land u,e 
piOJL'lliurJ Jiiodel\ .~r,· hemg utll17cd, thc work-t¡¡p-; are 
[!L'I1L'i,tlul hy 'ep.1r.1t<: pioLcdtiie'> The\e tnp pattern'>, 

Severa! altern,ltive procedure' for loadmg tnp~ on lhe 
network were tested und are descnhed el~ewhere ( Kuner, 
J973a) The procedure U\ed. called "P,trt¡aJ lllcreml'nt,ll 
accumuldtlve lnp method," " a modificatlnn of one 
developed a! the Ch1cago Area Tr.~n,port.tliLln Study . 
Begmnmg with a free-tlow nelwork, d '>mgle !ree 1\ !raced 
(¡e all the mm1mum pdths from th.11 ongm ro ull 
de~tmalion') Onto the-,e paths ¡¡ port1on of !he rnps from 
tha! ongm to the vanous deslmaliOn'> 1~ luaded By ll'>e of 
a volume-capacl!y reiJIIOn~hip, lhe new volume~ on !he 
1mb of the !ree are used lo calculate new travel lime~ 
Then a new ongm IS selec!ed, a new tree IS !raced, and the 
process iS repeated When a tree ha~ been rraced for each 
ongin, the network will ha ve beenloaded with a portion of 
all the tnp'> Th" over-all procedure IS thcn repe.ttcd. 
Currenlly !he package loads lhe networks m !hree pa'>Se~ 
of 40%, 40% and 20% of !he lnps respectively. Afler !he 
nerwork loadmg prucedures have been completed a 
matnx of lravel lime~ from each zone ro each other zone, 
v1a the mtmmum palh on the loaded nelwork, iS calculated 
for inpu! ro !he land u~e model 

The firs! tesis of !he model package were done for a 
~mall pro!otype urban reg10n of eigh! arcas, while la!er, 
full-scale runs, u>ed San Franctsco Bay area data The 
curren! form of the model system utiiizes two form' of 
!he PLUM mude! The fir'! of the~e " e'~eniially the 
PLUM ">!ate"-vanables model where the foreC.J'>l~ are 
m.1de 1n !enm of the values of v,m.tble-, .tt lime t The 
~econd form of !he model IS rhe mcremental van<~hle 

ver~Ion, !PLUM, where the forec'"'' are mmle In term~ 
of changes in values of vanables from lime t - 1 to lime t. 
These changes are then ·added lo !he base value> (i e 
those ar time t - 1) lo yield the forecasls of lime 1 

. hc'lllf! llldependel1tly L.tluliated, m.1y not be con'''tent 
1~1th the wurl.-tnp'> unpllLII 111 the land u~e model\ 
p.111.:rn\ of rc,JdenLt: .1nd workplace In !PLUM the 
loL.illonnf re"dence'> "generatcd hy work-tnp alloca!Ion 
functl(lm hased on tr.lll'>port.ltion 1mpedances and the 
ilX.ttion-, uf workplacc\ In ~o domg, !PLUM Imphcitly 
genei.Ilt:~ a matnx of work-to-home tnps wh1ch, m th1s 
mudt:l pJckage, ;ue extraLted and u~ed n~ the package's 
work-tnp~ Simiiarly, the lucntiOn of "non-has1c" or 
"locJI-~ervmg" employment 111 the !PLUM model ~~ 

gt:nei ated hy homc-tu-,hop and work-tlHhop allucation 
function' ha~ed nn tran~portat¡on 1mpedances and lhe 
lolalion' uf thc .tctiviiic'> Thl\ procedure generare, an 
11nphcit mutnx of 'hoppmg tnp'> wh1ch are extracted, and 
by a <;ümewhat d1fferent proLedure mvolvmg the u<;e of a 
gJJvlty model type ,dgonthm for halancmg the ongm~ and 
destmut1on' of the tnp<;, are used as the package'\ 
non-work tnp' In the pre,ent vers1on of lhe model 
puckage, peak-hour wurk tnps and shoppmg tnps are 
loaded on the network\ A pruhlem to he resolved for 
IJter ver,IOn'> uf the modcl p<~ckage IS lhut of other non­
work-tnp'> he,Ide' the shopp111g tnp~ Currently '>hüppmg 
tnp'> are "mll.1ted" tu equ.1l .111 non-work tnp' Addition­
,¡JJy, the prohlt.:m nf 111:1'>'> tr.tn'>por!atwn f.tcllltie' was 
1gnored There "· howcvcr, no rea~on to pret.:lude 1ts 
tnLIU\lon 111 the model P<~Lkage In future effor!~ Th" 
would mvolve cons!niLtion of a modal-splll model anda 
prucedure for deahng wtth muiii-modal nelworks 111 lhe 
IPI.UM .tllllla!Ion funclion' Ne11her of lhese appear 10 

pre~ent m~urmount<~hle prohlcm~ for future efforts vanables The assemblag~ ~~_1~ l!~~d_(or_rhese runs------- ------------

BASE YEAR (1965, 
BASIC EMPLOYMENT 

1965 FREE FL O~ 
HIGHWAY NEl WORKS 

1980 FREE F LOW 
HIGHWAY NETWORKS 

"1980" LOAOED 
HIGHWA'( 
NETWORKS 

1980 REGIONAL 
TOTALS 

1980 LOADED 
HIGHWAY NETWORKS 

(FIRST TRJAL) 

1980 LOADED 
HIGHWA Y NE TWORKS 

CSECOND TRI AL) 

CONTINUED FOR 
AOOITIONAL 
ITERATIONS 

F1g 1 Schemallc of expenmen1al model runs 

··' ,, 

/, 



B<l\IUlll)' the procedmc :nvolvc~" run 
nf PLUM to gener ate ha~e-year !rip m :ti' IL~~ f01 mput. 
aftcr loadmg onto a r.etwork. to the IPLUM mtH.Iel After 
th1\, \ucce~.,,ve 1terat1om of IPLUM ¡md the network 
model are run 

lf, a~ 'uggc'>l~d ahove, import::mt 1lC1 relat10n~h1ps are. 
ind::-ed, custom:mly 1gn01 rd by the typ1cal tran'>portallun 
study tlr typ1cal J.md-u~e ~\Udy, c1ther of wh1Ch as,ume'l 
fixed value'l for the othe1, then the-e model run~ 'ihould 
h¡,ve 1nd~<'.li~J ,¡grufk:tnt ;1nd sy ... !crnatlc difle¡::nce.., m 

outp111 from ... ut h "unintcgr:.ted" run~ In p:lrt!Ctil.lr. 111 
term... tlf thc degr~e to which iiL(C'i'..hllity \hape~ 

metrop\Jiit.m area\ IOilC would havc expcctcd 

(,¡¡ lf !.1nd u'e ftHCc<~·l' a1e madc h:1'cd •ln a frcc:-now 
networ~ or ;¡ nctworJ.. where llow..,, anu lhcrefore 
congc ... tltlll. are ..,,gn::ic,mtly le'>~ 111.•'1 would rcaÍI\IKdliy 
ht: prt·~en:. thr •JVcr-all ..,pat1J~ d1slrrbulllln of ilCII\'IIIC'> 
Wlfl he illllfC ÚI\[JC(~Cd !han 1.., ll: 1 fi~IIC 

(b) •\n e\Lt".,~rvely d1~p.:r~ed pattern of acllvriJe\ wil! 
prollut:e overe.,tJmah!\ of tnpmakmg anJ network ronge~­
twn 

k) lf lanll u~~ foreC<I\1~ Jre malle ba~cd un O\ eJ­
wnge~teJ networ~~. lhe over-al! \pall<.J Jr~tribution of 
;:ctrvili~~ wrll be exce'>~rvdy com:.:ntrateJ 

(d) An -exct=~srvely conccntrateJ !)attern of actJvJtre~ 

will produce undcrc~llmale~ of lnprn;J~rng ami ndwurk 
conge~lron 

Given the~e expectatrPm, rt wa~ 10 he ant1cipared th:1~ a 
lmkeJ ;;1nd-use añd 11 <~nsportatron model wou!d 0~onllatc 
1'-erween dt:centr<ihZ,IIIUn and centr,llrz;ltlon anJ con~e­
quenl uverconge~tJon ,lfrd ··undercongr;lion" 

The .tciu.d re~t.lt\ ohtameJ from the nwdcl run~ were 
gcncr<~l!y a~ expecled and produled betler land use 
foreca~t~ than tho\e ohtam:1hle frorn a !.md·me model nol 
lmked wilh feedbac~ ~ lo a lran\port,Jtron model Th1.., 
~e~med to be rnu~t evrd~nr m >U bar~;.- which are, 111 
reallly, exp.:m:ncrng r.1p1tl develuprmnt M:1ny of lhe 
indlvldu.d r c~ult.., oh..,cr ved w,¡u/d not h:tvc hcen prcdrt:tt:d 
bv .1 ,,:rar,Jtc l.md-tht' or .,ep.uat~: tr.~n..,porl.lllon rnodel 
Curhl'ljlh:ntl) .- w1r!c tht•rt• remarn llliiiiY .1rea, ím 
irnprovcrnent of the mode! p.u:kage, lht~c le>u!t~ clearly 
llerrwn~rrated thc nced lo approach the U>c of the~e 

moJel~ 111 a ;y,tematrc way and that cvcn though thc 
mdrv1dual rnodt:h rn.1y h.tve then deficrtnt:r.:~ lhere ,., 
rnuch to hc l..:arned frorn rntegmlmg them and ~otudyrng 

tht: prorcr tJe.., of the whok ~y~tcm 

COII(//1~10/1 

lt "JJnicult, h.1vrng come thi~ f.1r, ro lhmk of how to 
Ctliltlude tfm ICVICW fn '>OnlC Ca\C~ .t great de,i! of etfurt 
on .1 pdrtrc ul.11 nwdell1ng pro¡ect ha' been di-,Cll~~ed hcre 
111 l'"' .t f.:11' l111e~ of lt'Xt Th" author r~ at /.:,,..,, "' awarc 
.1~ .tnyone l'h.: ot the ,¡dv.mt.Jge.., of hmd\lght 111 revrcwmg 
..,lllÍI t:ff1l! h rach nlollc/ hurlder h,l\ \llfC!y lf!t:d lO do th•_' 
be~t pn· . ..,hk ¡ob, ~!rvcn the t1me, re~ourc~' . .111d then 
current ..,t.tte-l>f -lhc .~rt Pe1 hap~ :n r emrndrng modd 
budd.:r '· .md rn pre•cnt1ng tn pro; re el rvc m ocle! U\er;, tlf 
what ha~ gone hdorc, tnl\ v.ork wrll help to 1111prove whal 

'' y<:t to come 
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Calibrating a Disaggregated Residential Allocation 
Model-O RAM 

S.H.PUTMAN 
Uníverslt'.t of Pennsvlvan;a 

lntroduction 
As part of a research effort, s·ponsored by the NatJnr..d Scie•1ce Foundat10n, 

· tú compare the ped'ormances of two different lar.J·use Jli(¡llel,_; calibr.lted 
Cill th\: S:.li1H! data base, o;everal fundJJllC,lt:iJ pr•Jb(CmS in llfbílll Jand-use 
llH)tkiling have ueen cr.countered anú part!Jlly resolved. [n particular, tbe 
fact that no Lowry-daivative, land-use model had ever been proper!y 
calibrated in work done m the US became abunJantly clear. In arder, 
then, to accomphsh the lksirt'd comparison of d!ITerent modcls on a 
L'ommon elata base, it becí.une necessary to develop :1 caltbrat¡on procedure 
lor these models. The d.:ve!opment of this calibrat1on procedure 
~uggested. 111 turn, a retor!llu!Jtlon of the modd IlliO une whicll appcars 
to be much superior to the origmal and wh1~.,h is sufficicntly dd ferent to 
just1fy ~~ new name, D1~aggreg::~ted Residential Allocation Model-DRAM, 
to dtffcrentiate it from 1ts predccessor. A r<Jther unique charactt>nstic of 
th:s model, cast m entropy-maximizing form, is its multiv<Jriate attractivenc:ss 
me asure. 

Background 
Th~ (kvc>lopment of the Lowry model of land-use distribution ( Lowry, 
1964 ), al0ng ·v.ith that of numerous derivatives of its bas1c structure, has 
b~cn d~:>cnb~·u dsew he re (Goldner, 1971 , Putman, 197 5 ). Sorne years 
.tlte1- dewlopmt:nt of these models had begun in the US, further 

-.ub~tant¡;.¡¡ uevl.'lo¡mn~nt of them was umlertakcn in Great Britain (Batty, 
197~). lnterestingly, 'ctespJte the fnct that the model ongmated 111 the 
US, sorne or tile most fru1tful work in extending the concept has been 
done in recent years in Great Britain. Further, and of criTica! 1mportance 
to appl!c.tllons of the mouel, the qutstion o! estimation of the model's 
par.tnH.:krs has (as f.tr as 1 k11ow) never becn propertly settled in any US 
wurk, W!th perhap~ one e\.ceprion, that of Yoorhees and associaks (1972). 
In cuntra~t. 1t appears that the British work has produccd rather conclus¡ve 
evidence about the means by which these models may be calibrated 
(fiatty, 1970; Batty and Mack1e, 1972). 

A modtflc-d wrsion or the Incrementa! Projective Land Use Model 
( lPLUJ''>I) was uscd m the [ntegrated Tnnsportation and L:.md Use Pack::;ge 
(1TLUP). Th1s ITLUP wrsion of !PLUM is fully uescribed e!sewhere 
(Putman. 197 3). In brief, the resident1al portion of thi<; model allocates 
increments of resH.leot1al locators to their p!Jces of restclence in response 
to mcrem\!nts 111 basic employment and changes in the tr.1nsportat10n 



f<~cilities. TiliS response is determined by a probabihty funct10n that 
descnbc<; the dtstnbutton of work trips, ami by :1 meJ~ure of residentwl 
attral.!Jvenes~ for each potentwl locatton ;one. The purpose of this paper 
JS to outltne the steps thought to be 1~ecc~~ary for a p1oper caltbration of 
the lTLUP-IPLUM model, and which ultJmately led ro the development 
of DRAM. 

Virtually all denvates of the Lowry model used in the US have, as their 
residential-allocation fu11ction, sorne form of the following expressio11: 

N - '\ L' 
1 - gL..¡J,,~.:-,' 

1 

where 
N, 1'> liJe number of resJdent1al locators locatmg in ar~a 1, 

¡1,1 1s rltl' p10habdity of ltv111g 111 area i and work111g 111 Jrea ¡, 
L~ 1s the numbcr of employees 111 aren ¡, and 
g ~~ a SL~tltng IJctor such th.1t the sum ol the .V, over al! 1 IS equ:1l to 

an exogenous control total 
There are ol ten other scal111g or multiplter f.tctors to convert from 
employees to households and to ensme vanous types of tnternal 
COilSI~tency. 

The próbahdJty p,1 is the most Jlllportant component of equation ( 1 ). 
In the ong:Jn.J! Lowry moJel, the functiOn med was 

( 1 ) 

P = (J )- 1 3JR ( 2) 
Q Q 1 

_____ where-- -~--- ---- ------

d,, Js the ;.mline distance between the centrotds of aren i n11d area ¡, and 
R JS lhl' number of ZOI1eS In an annulus d,, m!le-; from the ongil1. 

In vanott-; denvatJves of the Lowry modd, p,
1 

1..; modifiecl to mclude 
me.tsurL·~ ol 1 he attractivenes-; of area i. In partJL'llLJr, in the ITLUP form 
of IPLUI\1, 

(3) 

l(d,1 ) = J32exp(a-,P.-), d,, ú,, (4) 

O, is a measu1e of re:,tdentJJI 'opportunJtJes' in i, 
d,1 1s proportionJI ro the travel time between centr01ds of zo11es t .:md ¡, 

and 
a,{3 are empincally dcrived parameters. 

Thc measure of opportunt!JC'> is basJCally an ad]mted measure of 
restJent¡aJ holcltng capac1ty (prcvious leve! of residel1tial denstty times 
::unount of avallable land). The adjustment, Q,, is a logistic-curve functio11 

LL 

,t.;' f 

J 
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of the proport1on of the uevelopable land in zone 1 that has bcen 
developed by the end of the base time period. Thus 

. (/¡ ) O, = a,v a; r], 

wherc 
a~ is tile v:1cant acreag~ in ZOllé i, 
h, 1s the number of housing units in zone i, 
a: is the resicc-ntial acre<1ge in zone i, anJ 
(? 1 i~ a factor that denotes !he leve! Of Lit:Ve!oprnent. 
·;cv~ f,¡ctor is defin\~d as 

')' 

Q, = I--(T=-:y)¡;xp(úx/) 
where 
~f, 8 are paramders, and. 
x, is tht: percentage of Jr:velopable lantl areu IJJ zone i that has been 

develop,~d. 

(5) 

(6) 

Tht: parametrrs ·or the trip function were est11n:1ted by fittmg thc 
~qu~ltJon to observed wotk-trip distnbutions fwm the Snn Francisco ilrea. 
TI!<: paramett:-rs or the Jeveiopment-kvel l'unction. Q,, !J:¡ve not been 
stati'ltic.llly e~tJ.nated nor has the complete probJl.Jility function, fl 11 , bl'en 
fltt~d to :)ny ;Jdual Jata. It was precisely tl11s 1Jttin6 which WJS necessary, 
hut wh1ch haJ n~v~r beL'n Jone (with the exception of Voorhees' attempr) 
111 us work WJth JenvatJWS or the Lowry modei. 

Ref ormula 1 ion of lile modcl 
In ,1!1 ot !he~..: modds the es~ence of the n.>sJtkntial allocations JS c1ther 
th~ work-tnp (home-to-work or work-to-homl') ora combmation of the 
work-tnp w1th measUJes ol attract1veness of the potentiai resident!al 
1ocations. lk-m·e a set of work tnps is implied whcn any of these modds 
JS u~~d to estmnte residential !ocations, but very ltttle use has bcen made 
of tlti~ f:.Jct in US work. Yet, it is precisely the existence of these implicit 
trip m<~!nccs that leads to a more satisfactory mdhod of estimati11g the 
parameters of these moclels. The use of !PLUM in the lTLUP package is 
:1 pJrticular exc~plion to the ,usual pracnce of ignoring these nnplic1t 
trips. In th.i~ c~se these imphc1t work tnps are maJe e>-.plicit by extracting 
the tnps lrom the moJel dn~ctly. :.1r.d these tnps are la ter used to load thc 
tr:1nsport ndwork (Putman,'·J 97 3). 

It is a v1rtue (anu perhaps. 111 the fir~t 1nstance, was the source) of the 
WJ!son entropy-maxuniZ!ng approach to thc analysis of th~se models that 
the qucst1on of these tnp" ts made t:xp!Jcit (\Vilson, 1967). For exdmpk. 
ba~eu on th1s approach (WI!son, 1 970), the Lowry model may b~ 
rewrittcll as 

(7) 

l 

_j 
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where 
T,

1 
~~ the nurnher of persons workmg in zone ¡ and res1dmg in zone 1, 

!:~ 1s the numher of persons worklllg 111 ;one ¡, and 
e,, ~~ the 1mpedence (usually travel t1rne or travel cost) between centroids 

of zone i and zone j. 
An important problem of this formulation 1s that there 1s no constramt on 
thé sums ol tnps, in which cJse thcre 1~ no reason to cxpect that 

(R) 

Th1~ implies that the number of employces m zone ¡ wlll not necessanly 
he equal to the sum ot the employees re-,¡dmg in JJI zoncs 1 who claim to 
wurk 111 zonL' ¡. 

A ~1mpk r'c~¡Jentt:tl-locatJon model may be denved from entropy­
maxrmiZing cuncepts as follows 

T,, = /1, n, 0,1:..~ f(c,,)' (9) 

where now 
T,1 i<; the number uf trips between zunc-; 1 ami /, or the numbcr uf 

pet::.on-. ltving m zone i anJ worklllg 111 zone ¡, 
O, 1s the number of trip ong111s, or the number of employed pcrsons 

1 iv1ng in zone i, 
1:.. 1 1s the numba of trip destinatJOns or the number of employees 

employed 111 zone ¡, 
A, JS a ba!Jncing factor for tnp origms, 
B1 IS a balanung factor for tnp de-;tmatJOns. and 
( ,1 IS an impedJnce functron. 

It 1s pos~1hle to replace the tnp ongms O, by a measure of attractiveness 
of Lile or1~1n LUJie, IV,. Tlu'> ehm1naks the need for the origms balancmg 
L1ctor .1,, t!Ju.., grvmg 

T,1 = 111 lV, E, f( e,,) . 

In nrder for the constraint on the sums of tnp destinations, given by 
equ.tl1on (8), to he met, we have 

1 
B =----

1 LW,f(c,
1

) • 

It Js informative to subst1tute this expression back into the original 
equatwn (SenJOr, 1973), this y1elds 

T.= [ ----, [ 111, f(c,,) J 
,, 

1 ~IV, f(c,
1

) • 

( 1 O) 

( 1 1) 

(1 ::!) 

If !he term W, f(c,1 ) is called an 'accessJbility attractiveness' rneasure, then 
the fraction 1!1 equation (12) is a rdativc measure of the accessibJ!ity­
..JttractJven~ss of zone 1 to zone ¡ compared to al! othcr zones 1. 

Lf 

_.J 
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Further, 1t is clcar that the total number of ernploycd residents residing in 
7onc t is 

y N, = ~ T,,. ( 13) 

where 

N= 1 

1 

r Í ·11 
"~ J E l~t!, f(SLL_ 1 ~ . 
L. ll ... L. ,, , 1"( ' 1 
1 , .,, c,1 JJ J 

lf one is willin~ to assert that 

~é, f( e:,.) 

p,¡ == !-w, r(::,¡) ' 
i 

then equatwn (i 4) is equivalent to saying that 

.1\1, = L L~ p,l ' 
1 

( 14) 

( 1 5) 

wh1ch is the same function as that of the Lowry rnodel, and described in 
~quat1on ( 1 ). 

Thus it can be secn that the íPLUl'vt allocation procedure may be 
consider~d, in tlw context of the entropy-muxi!nizing formulation, as 'l 

simple r~~JdentJ<.JI-location rnodei. How~ver, !PLUM is a dynamic model 
in that it ~stimate~ changes in the number of resident1al loc:ttors as 
follows: 

~v. L(ut~)p,1 , 
1 

where 
!lJV,- is th.; ~hange in the numbcr of cmployed res1dents of zone i from 

ti111c ! to tune t + 1, 

( 16) 

t:..E1 is the chJnge in tht! number of employecs in zone ¡ from time t to 
time l + 1, and 

pi) is the probabihty that a person will live In zone i and work in zone j, 
at t1me l +l. 

A qHestion arises here as te whether i1p,1 might be more appropnate in 
the ncw rorrnulatwn than p,1 .' Unfortunately, the resolution of this question 
Je~1ds to th~ further question, :wwng others, of location of in-migrants versus 
the loc:.ttion of mtrametropolltan movers. ln-migrants probably rnake their 
locatlO;l dec1sions sornewhat udTerl!ntly than the intrametropolitan movers. 
None of the Lowry class of models dt>al~ prope1Jy with this question. Thc 
TOM;\1 models (CrecJnc, 1964; 1 Q69) do so in a very <>up~rfici:ll way by 
meam or thc 'stable-househo1d' funcrions. It was not po<;sible to resolve 
tlus problem in the currt!nt work, so the ex1stmg practice of using p,

1 
has 

becn m.Jmtamed for the present. Furthermore, as will be discussed below, 
:t was thc stat1c form of thc model that was fm,dly estimatcd . 
.__ 
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Calihration: initial discussion 
To dak, v¡rtuc~lly all attempts 111 the US to ca!Ibrate these models have 
1nvolvl.!d as-;orkd procedures, no onc! of wluch achiewd any more rhan a 
part1al ca l1brat 1011 of the al loca tion function. So me procedures ha ve f1tted 
l(d,1 ), as 111 equat1on (2) or equat1on (4), to observed 111p data w1thout 
taking 111to dccount the effects of the charactenstics of the origin zonc or 
thL' destll1at!Oil 7011e. Other CdhbratiOn atternpb have r1tted a function 
w1th /V, as the dependent vanable and vanou~ charJclcnstics of zonc i as 
111dependent vanables, thus 1gnonng any expl1cit cons1Jcrat10n of the trip 
di<>tnbut1on. Ne1thcr of thesl.! two p10cedures nor any of the1r many 
var1c~t1ons IS capable of est1mating propl'rly the paramders of such a 
m o de l. 

For a modell.!xpressed in the form of equat10n (9), the only parameter(s) 
to be e~t1mated 1S that/are tho<>e wh1ch mJy be included 111 f(c,,). It has 
been slwwn that. in fittmg the paramekrs for such a model, stJtlstics that 
.;;ummJn7<.>d rile goodness-ol-f1t of the work-tnp distnbutions were much 
more sen~1II\c tu ch.mges 111 model parJmeters th:1n thosc! that summarizcJ 
the goodne~s-of-f1L ot the actiVIty distnbut1ons (13atty, 1970). This rl.!sult 
c~rguL'S tor the use, when pos~ible, of worJ...-tnp statist1c~ as cnteria for 
moJel cal!bration. Other work has clenwd severa! typcs of stat1stics that 
have ~lllllJll,lrlt.ed the d1stnbutions of the wnrk tnp~. e:~d1 of which is 
appropn.ttc for particular funct10nal forms of 1'((,

1
) ( Hyman, 1969 ). 

A probkm poscd by thc form ot the moJe 1 shp\\111 111 equation ( 1 0) 1s 
thc~t 11',, Lile Jllr.tctivcnl.!ss measure, 1~ not J Jucctly observ:.~ble or 
llll'd::.ur,Iblc v,1nablc. In one arte mpt to modd this, rhe numbt:!r of 
dwciiing::. 111 ;une 1 or LIJe populutwn 111 zone 1 Wl'Te proposed JS proxy 
mc>:I~llrL·~ uf lt', (Cripps ,me! Foot, 1969). Populat1on was finally selected 
,md produccd quite accL·ptablc cal!brat¡on results In another attempt, 
u":1blc I.IIld .1rc.t 111 zonc 1 w.t~ suggested as J proxy me.Isure of W; (Barras 
·t .!1, 1071 ). ln both_of th~se cases, by us111g a Single proxy vanable for 
.t',, cal1brat10n of the model rema1ns a matter of cst1mating the parameter(s) 
ol· f(c,

1
). 

In th~'st:! cases, JS well as those using the ongtnal form of the model in 
equ.tt1on (9 ), tht:! ca!Ibrat10n process mvolves, ( 1) selectmg starting va1ues 
or lhc ¡.¡aramders, (~) estuna..ting the tnp d1~tnbut10n, (3) companng the 
esttniated tnp J¡~tnbutiOn to the actual tnp LIIstnbut1on, (4) revising tht:! 
p.tra1neter v.tluc'i, and (5) 1krating to linJ the best-fit parameter values. 
WorJ... lus been done on effictcnt means of domg th1s (Hyman, 1969, 
Uatty <tnd ~!.tck1e, 1972). 

At tlt1s po1nt, JI becomcs necessary to introduce a further constderation, 
t!1e nl'cd to diS:Jggrcgate the rcsidential locators 111to types. First, we 
acknowlnlgl.! that tlliS dis<~ggregatwn may eJsdy be described m tams of 
thc entropy-max1mizing approach by eons1dermg T,~1 ~ to be the number of 
employees uf type w who work In zone ¡ and live 111 type k housmg 111 

zone 1. An appropriate set of equat10ns dllU constraints -can be developed 

l b 
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to cover this situation as well as severa! others (Wilson, 1970). Solving 
such a modt!l mvolves an endogenous procedure for est1mating the housmg 
stock by zone. This is not a welcome prospcct for our current research 
efforts, though clcarly it is a considerat1on for the future. What is 
necessary, then, is a model in the form of equation ( 1 0), but disaggrcgated 
only by type of locator. This may be written as 

T.l = H~ E, 11-'/ fk (c,1 ) , 

where 

( 1 7) 

( 1 g) 

Second, it seemcd uesirable to investignte tht use of a multJVilriate 
attra<.:tJvenc!.s measure. There is empincal evidence that the attractiv.:nes~; 
of zonl.! i 1s a fundion cf, among other variables, the distnhution of 

1 

huusehold types living in zone i (Putman,' 1973). This evidence suggests 
that the attractivcness of a zone to a pñrtkular household type is a 
fundion of the percentage composition of household typcs in that zone. 
Further,, the amount of developable land in a zone seems to be a 
tktermining factor in resiuential locat1on, as does a developability factor 
which appears to uct as a proxy variable for the extent of the available 
urban mfn~tructure. Thus JV,k nwy be de!ineu as follows: 

l' ( 1V,,,)l = 1 (t" -""--- r L vQ 
~ ~ 'V l , l , 
~ L 1 1g 

\ g J 
where 
a; are paramders to be estimated, 
N,g 1s the number of households of type g m zone i (note the g 

household typcs correspond directly to the k household types), 
, i:> re!:.JdentJ;.Il dens1ty, that is houscholds acre- 1 m zone i, 
L~ JS t he avallable. developable, vacant land in zone i, and 
(J; has the SZ11ne definition as in equation (6). 

( 19) 

The paramcters in thc expression for Q, may be I.!Sttmated independently 
ol Lh.: re-;t of the molle!. The parametcrs aff necd to be cstimated wtthin 
the structure ot' the modi.!l, m' aJdition, the parametcr(s) of fk (c,

1
) must 

also be estunated m the same way. 
The precise form of the modd desired would be, as in the previous 

discussions, dynamic tather than stat1c, that is 

!::.T,1k = B1~ !t1t(,ó.E:)f¡.,(cll). (20) 

Tu do this tl would be necessary to have data for f).T,¡ and !).E¡. While 
this work was in progress these d,1ta were not available, so it was impossible 
to estímate any but the static model. 

L ~j 
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In order to specJty data rec¡lllrements 1t will be helpful to write out the 
model 111 tul! Tlllls 

7;1~ = H,k lt',~ 1:.·~ fk ( c,11 ) • 

Suho.,t1tuting for n: and W,k we obtain 

T." _~:.·k {J~a~ N,~/ ~N,_~" )r, 1 L~Q11 f,...(c,11 ) } 

'
11

-
11 ~l~a:(N'K)~N,6")]r, 1 L~Q,JJ..(c,11 ). 

Thus the rec¡Lllred data Jre 
7,~ th~ number or per~ons of type k employed in area 1 and living in 

c~red 1 at t1•ne r, 
E~, the number of persons of type k employed m zone 1 at time t, 
N,_r:r the number nf households of type g liVIng in zone 1 at t1me t, 
r,, rc~Jdential dens1ty (households Jcre- 1) 111 Lone 1 at tune t, 
L~, vac.1nt, c.kwlopable lanJ m zone 1 at 11me t, 
Q,, a development index, as descnbed Jbove, for zone i, and 
e,,, travel co~t ( impedance) between th.; centro1ds of zones i and j at 

t11ne t. 
A further problem occurs with the definJtJons of T,~, E~, and Nrgt· 

(2 1) 

(22) 

/:"~ 1s defmed as number of persons of typc k working in zone 1 at t1me t, 
and T,~ 1'\ the number of persons of type k employed In ::~rea 1 and llvmg 
111 area 1 at time t. Howevcr, N,6" JS the number_of households of type g 
1tv1ng 111 zone 1 :1t time t. Clearly a conver-.,¡on trom employees to 
hou~L'Iwkb i~ nL'ce<>sary at some point in tlle process. In arder to simplify 
the convL'r :>Ion uf T,~ to ve hiele trrps for use 111 the networl-. model,- 1t w!ll 
be mo~t LUilVL'JlJL'nt to makc rhe conversion at the rc~Jdenn~ end of the trip. 
Thu~ a nutrix tor converting householus of typ.; g to en1ployecs of type A. 
must be uevclopcd from regiOnal data for the reg10ns to wh1ch the model 
·., bemg frtted. llus was done when thc moJel was 3ppl!ec.l toSan 
frJnc~:,co Jnd J\llnne:JpolJs-St Paul, but the use of these regional 
convcrs1on rates across the boanl makes 1t neccssary to keep careful track 
of this conversion throughout the ca!Jbrat10n process. 

Calibration results: "partía! estimates 
lnrtwlly, 1t was Jntencled that befare the complete moJel cquation was 
fitted, preliminary estJmates of its parameters would be developed by 
part1al estunatJOn of them by least-sc¡uares regressron. Thts was later found 
to be unneccssJry. but some of the re~ults relatrd to the inclependent 
lJt!Jng of the tnp di~tnbutJOn are of <>ome 1nterest. 

lt wdl be recalkd that m ec¡uations (2) .1nJ (4) above, the clistance 
functions uscd m the Lowry modd ant.l 111 PLUM were gwen. These are 
but two of a va~t number of functwns that could be IHted to tnp-m:1kmg 
data. To test severa! of these, a tabulatJOn of the first work tnps from 
the SJn Francisco Home Intcrview data ftle was prepared. These trips 
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were tabulateu a~.:corc!Jng to the household and employment classes, 
enumerated earlier. for the 291 zone areaL systcm. The distributions were 
then normalized and the resulting distributions were fitted, using a nonlinear 
least-squares procedure, to severa] different functions. Tlle work-trip 
d1stributions took the familiar form shown in figure .1. 

Of the variou<; functions tnvestigated, severa! types of the gamma 
dJstrJbution scemed to produce the best fits. The general form of this 
d1stribution 1s 

wherc 
l' 1s the number of trips, or trip frequency, 
e is the trip time or cost. 

(23) 

The specit'ic functions that best fitted the data were sometimes best in 
one houschold income class and sometimes best in unotllcr; no one 
runction W<l'> best for ull four income classes. The funct!On selected for 
furl11..:1 work on this prototypc wus 

(2·+) 

Tltis function. known as Tanner's function, had been used in tllis typc of 
model elsewllere (Cripps ami Foot, 1969). The best-fit parameters for 

_l 

the 291 zone system in San Francisco are shown in tablc l. These Tl 
paramdas in T Jnner's funct1on do yJeld the skewed, peaked, cun•e shown 
abo ve. 

In the cuiJbrut1ons described below, the San Francisco dat:.l were 
Jggregatcd to J tlurty-zone systcm, thus mcreasing to greater than eight 
minutes the thrce-minute. average travel time bdween adjacent zones of 

" e:. 

Travcl tune 

Figure l. Typu,;al mtraurb:lll work-trip distribution. 

Table l. P<t1ameters of the work·tnp fum:twn for San FranciSCO. 

lncome l'I:Jss ('\} 

0-4999 
5000-9999 

10000-14999 
>I 5000 

0:' 

0·383 
0·750 
0·849 
0·784 

{3 

O·YOO 
0·963 
0·992 
0·990 

--------
_j 
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the ~91 zone sy~tem. At that scale all the v,llues ola become negative ancl 
l c~nna's fundtun ldke:. on the·appearance of c1 strnpk, decltnmg cxponenttal 
lttnctton. t·ur the Mmneapolts-St Paul Lí.lltbrdtiOn (approxtmately a 100 
LOne sy-,tem) the leve! ol dtsaggregatiOn 1s su ffictcnt for a to be positive 
;1t,!a111 and lor the ~kewed peaked curve to reappear. All of th1s reinforces 
tlle proposit1on that the leve! of spat"il 'aggreg.ttton, or drsaggregattot~, h;:¡s, 
not1ceabl!.! c'i fects un tlle ;:¡pparent funct10nal forms of these mode!s. 

Calibration results: complete estimares for San francisco 
J'ln: pteltlllill<~IY est11naks of parts ol the modl'l were of very !Jttle use, 
n:u:pt th<~t tlley tncltcated thal a product lormuiJtion for IV woulcl probably 
y1eld lwtter ltts !han tlle sum form lllltt:.JIIy pruposcd, .consc'quently 
equ;1tton ( ~2) wa<; rc:wtttten. Ftrst, kt 

where 
\f 1~ ·rhc: number of type g hollschold'i in arL·a 1, and 
.r;" b a measure ot attnbute 111 of zone 1. 

(~5) 

lt was hoped thut the c~ttractJWni.!sS mea~ure wou!J contmue to include 
mtnnsJL' netghboJ houd ;:¡ttrc~ctiveness, as mclicc~tc·d by the household typc'S 
locatt:d lhere, a me.1sure of 'c;:¡p;:¡c¡ty' for clevelopment, and a measure of 
ckwlupabiiity 111 Ll'rms of mfrastructure. Vanous attnbutes were tested, 
mcludrng rl'sld.:nt 1.!1 dens1ty, vac;:¡nt devclup.dlle land, perc,.-ntage of 
Lkvelopabk l.111d Lkveloped, ;:¡nJ percentage of industnal (bJsic) land. 

Tlll' v.tn;tble., thdt were finally sekcted are 
n7 the pen.:ent:1g!.! of tllc total households 111 zone 1 which are of type /..., 
L~ tite av.ttlablc·. dl'velopable land 111 zone 1, 

't.l tite pl'rccnt:Jgc: of developJble ]ami 111 zone 1 wh1ch has been 
JcvelupeJ, dlld 

r 1 tlw resJden!t,ll dens1ty (households acn:- 1) in zone 1. 

Thus the form ul ftl used in the fJnaiLaltbratJOns wa-; (using four household 
type~) 

w~< = [ n4 n<:(i.!xpak)JL\'a,Lda,,.a1 
/( 1 g 1 1 1 • 

g=l 
(~6) 

Note that. based on the preliminary estimaks, 1t was decided to replace 
thc: development-level factor, Ql> by a simple measure of existmg leve! of 

' 1 ' developmcnt, L;. 
Then, rewnti!l!,\ equation (23) we get 

T,,~ = r.;J.. [-~1~~ f(c¿l· (27) 
¡r )w~f(c¡,r) 

- 1 -

l jo 

J 
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Now tllere are two w..¡ys 111 which the r;aramctcr!:. may be cstunakd. 
the snr,plest <:ase, is by lookmg at the distribution(s) of the activitics. 
this Ci.lse, L 7;~ 1s the nurnber of households of class A. living in i, by 

1 

definition. Thus 

r ] 
1 Wkf . N~~ ::..: L L¡, l 11 k {e,,,) . 

' L W,f(c,1,) 
L' 

hrst, 
!n 

(18) 

Con.;eq:.tentÍ)' 1t is possible to estimate the parametcrs 10 tht functions IV 
a nd f( e), <11-ill litis rnay be calle<.! calihration of t he aggrega ted form of the 
rnodel. 

· Howcver, various authors have a<;Serted that tlll~re are disadvantages 111 

·~alibrutlllg the aggregated form of the model. Their remedy for thcse 
probl~!rr.s involves calibration of the disaggregated form of the model given 
in t:'quat ion l ?.7 ). It ¡s <m unfortunate fact that in ordcr to calibrate the 
disaggrcgated form of the model it is necessary to haw a good source of 
trip data. In thc work. Je~cnbed here tltere werl.! que!:.tions about the 
quality of t!1ese data. lf, at sorne later date, these questions can be 
~.1ti-;fact01 i!y resolved, u long w1th the development of an acceptable 
expanston of the San Francisco 'sample' to an estímate of the 'populution', 
then a calibratton of tht: disaggregated form may be undertaken. In the 
meant¡n,e, caiJbratton lws bcen undertakt:n f01 the aggregutcd form of the 
mod~l only. 

lt is lllllllcdtately obvious that equation (28) cannot be fitted toa data 
ser by Lhing the tradllional procedures of linear or even nonlinear 
multiple rcgression. In f:1ct the only procedures nvailablc are those whkh, 
by som.:- el l'icient procedure, search for the parameters that produce the 
best t1t of the model to the Jata. One such procedure is that of gradient 
'c'arch, which mvolves the following steps: 
( 1) definition ora criterion funcrion to be maximized or minimized; 
(2) def1nition of the partial derivatives of the cnterion function with 

rcspect to each of the parameters; 
(3) se!ection of a starting pomt (parameters) and calculation of the 

cntaion and the dcrivativ~s. hence the gradient, at that point; 
(4) alter:ltton of the parameters as a function of the cakulated derivatives 

JIH.l grad1ent, and itcration through steps (3) and _(4) unt1l a mínimum 
or max11num has been reachcd. 

While this may sound like a rather lengthy and d1fficult undertaking, 
tlw; ts not actually the c:.~se. The computer software is somewhut difficult. 
but is avatlable from a variety of sources, including the University of 
Pennsylvama. At this stage in its development it requires experienced 
staff for its proper use; ncvertheless. once set up, the proCf•dure is rather 
strJtghtfonvard nnd results may be qwckly ohtained. 

The Sun Francisco data were aggregated into a thirty-zone areal system 
¡mmarily for t:conomy of operation m the face of no previous experience 

l Jj 
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of the co~t'> anJ dJfficultJes of performmg such calibratJons. It was felt 
thJt thc tlmty-Lone system .wouiJ tJke less computer time to cal1brate · 
altllough still prov1dlllg uscful mformation a.bout both the modcl and the 
c::Jllbrat1on proces~ in general. 

The model to be fitted is g1ven 111 equat1on (28) and the distance 
function JS that of cquation (24). The vanables 111 the ::Jttractiveness 
n1ea~ure are those that were usecl m equat1on (25 ). The cal1bration was 
ach1eved \Vlth surpnsmgly little dJlTJculty, and once the programs were 
operating correctly, there were no s1gnJfJcant problems encountered. An 
mtercsting pomt is that a broad, flat nclgc m n-space was found where the 
seélrch progrJ1p's critenon value, R 2 , wa~ som.:what insens1t1ve to parametcr 
v:mations. Th1s was .111 expected occurrence. as suggested ear!Ier (Batty, 
1 cno). non~theless, Wltll pat1cnce, a maxJJnum was reached. Thc 
parameters found are shown in table 2. 

Then:~ are :.1 numbcr of obscrvations to be macte about thcse parameter 
valucs, thc moq impurtant be1ng that, before kdpmg to unwarranted 
conclusJOJl:>, 1t mus! he rcmembcred th.1t the housL·hoJcl d<~ta usecl 111 these 
run~ are 1 rol JI tltL' JlJóO L-.:n~us, whcrca~ the land-use :111d cmployment data 
are f1 o m -.urveys conducted 111 San f.rancJ~co 111 1 CJ65. Thus the t1me 
-;ubscnpts for these vanables are not corrcct lor the formulation of the 
moclcl. The pu1posc oJ tl11S pJrtJcular cffort was to explore the problems 
or calJbrutJon of the uenvat1ws of the Lowry model vía thc Wilson 
c>ntropy approach. th:.~t trus is a prJctical procedure has been amply 
demonstra teJ. 

TJble 2. Best-fJt pJJameters (exponents)-DRAM -fur San FranCISco (thHty zones). 

Household Household composJtJon Ln1d development D1stance r2 

type($) --------
{/~ {/~ a~ a~ a, ilr, a1 Q (3 

<5000 1-00 0·40 -o so 0·33 ,0·18 -0·73 -0·26 -2·06 0·57 0·91 
5000-10000 o Q(¡ 1 65-1·220·48 0·:27 -1 so -o 01 -1 ·75 0·72 0·87 

1 o 000- 1 5 000 o 14 1·09 -0·26 0·76 o· 24 - 1 · 34 -o· 14 -1·760·76 o-qo 
>15000 07:2 J oo -o .>4 J·5o 0·23 -] 48 -0·04 -1 ·64 0·48 0·93 

Calibration results: complete estimares for \linneapolis-St Paul 
The IJRAM moJel was J!so cal1brated for an :.~vailable data base for the 
:\l¡nne:lpolls-St Paul metropol1tan areJ which w:1s dlVIded into one 
hundreJ ami e1ght zones. Thc form of thc equation used was also that of 
L'<Jllation (27), w1th. the thstance function gJVL'rl by cquarion (23). The 
hou~dwlu ll1l'OlllL' Llasses ciJIIered J rom those of San Franc1sco in that 
thcy wcre 1ncorne quartiles. One of the attract1veness measures. r' 
(rcs¡dential dens¡ty), was replaced by r; (residentjaJ land), which produced 

1 better fits; the results of these estunates are shown m table 3. 

l /2, 

L ~ 
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Th~ clara uscu in this case are all from about lLJ70, thus resulting 111 

rara mct ~~ ¡;q i m<! te.., fur a :.ta 1 ic form of the modd. lt i'> i;1 ten·st m~ to 
no\c that the scallng or control-total procctlures, typically u~ed m these 
models after the allocations are completeu, have moved, W!th rhe DR.AM 
reformuiatinn, deeper int0 the w01 ki.1gs of the modc!. Rc.ferring lo 
equation (27} it may be c;:een that the tcrm m bracket<> on the nght ltand 
side 1.' a proyort10n. Conscquently e1ch L 1k1 is simply allocated over ail f 
zones, ar.d, thus, th.: sum of N;' will be equal to the sum of Ef. It was 
mentioned ,1bove that it •.vas neces<;ary to r:onv~rt !:';' from cmplo·;ce<; of 
tvp~ /, to ~h'~lds of houscholds of ty¡Je k. 1!' lf i<; <t';<;u¡¡~;:c) 1h:.1t t:k '311m to 

- • J 

a prespi."CJf•td region~il Clltployll!enl tot:.l (or <lre forcl:CI lo Jo ScJ) 1:1ci1 
.!\/~ can be forceJ to sum to a regio:w! population rotal· as p<trt of thc· 
co!lversion from ernployees to hcaJs of ltou:;'::holds. This, while sttl! 
~~rbitrary, is not as ~11 bitrary as the various forms of scJling proceclme 
typlcally usecl in th~sc modds, wluch often involve altering sorhtsticatcd 
modcl cstrmates wilh rather crude pro rata pwc:;dures that vittat•! the 
results of the modcl. 

Table 3. Bes~·fit par:Jmercrs (exponents)-DRAI\1-for Minneapuhs-Sr Paul (one 
hund.eli illlíl e.ght wnes). 

Househoid llousehold ¡;omposrtwn L·md developmeut Drst"nce 
type ----- ------------- ------

a7 k ai a1 as a7 Q (3 ú¡ a o 
---· --------

Fnst qu<Jrttlc 0·77 o 14 -0·56 -0·34 --0·03 o 15 0·89 1 ·04 2·18 
St!cund quartlle o 24 o 84 -0·37 --0·15 -O·Otl 0·18 0·90 2 ·11 1 -46 
Thrrd t¡u:Jrttle O·O<JO·I6 0·50 -0·08 -0·08 0·25 0·80 2·81 1 ·31 
Fourth quart!le 0·13 0·10 -0·19 0·78 -0·03 0·29 0·75 2 ·lO 1 ·44 

-----

Discussion-probleniS of ca!íbrations 

T'he work d~scrihcd hcre w:.Js originally undertaken srraply to l.!xp:ore 

r2 

o l)J 
0·1)0 
o 90 
0·9] 

the P,O:>sibility df ca!Jbruting a Lowry-denvntive model with a multivaní.ltt:: 
attractl\icnl!ss mcasure via the Wilson entropy f'ornwlarton. That !Id" 1s 
possible IIJs b!C'en arnply demonstrated, but problerns with the avatlab!e 
dat;¡, p:nticuiarly wtth 11..•speot to thetr time ind1cc>s, makc: interpret::lt!On 
of the results ~ornewlwt chancy. 

The genera! questwn"of parameter interpretJtJon in models of this forEl 
is worth discussing. Frrst note th::t thc sca!e nf nny of the variables i:. 
rmmaterial since the effect of thc balancing factor, defined by equation 
( 1 1 ), will be to rwrmaltze each variable in all cases. ·nws paramt"ters may 
b,: rnt•:rprekd in h!rm~ of J vanable which rangcs. from ZCJO to one. Care 
must be t<Jken to avoid havtng a variable reach z.ero if its exponent is 
ncg:Jtlve, anLI checks should be incorporatcd in both paramerer estimation 
.111d lor,•ca:>tlng ptogram5. to alat tlt-.= u~l.!r, at the !east, to thi~ situ:1tion if 
tl ~hould unse. 

l 
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In f1gure 1 severa! members of the family of curves of the form v = ccx 
are plotted for different valucs of ~; The range in wh11.:h we are particularly 
mterc:-ted is from e = O to e = 1. T.tkmg first the case of a~ O, we 
'>ce that for any a the value of v ts less than unity. Thus any vanable en 
for wluch the estimateu e< 1s kss than un1ty, will·have an attenuating 
effect on the n:g1on's share of households 111 area i. Th1s attenuation 
gradually dllllJnl!>hes as the value of e, increascs from zero to one. Jt is 
11nportant to note that the intuitive expectat10n of a vanable that has a 
po~iti''e exponen! as an amphfy1ng variable is not quite correct here. In 
the case of a 'variable whose range is zero to one, a pü~1t1ve exponent 
impltes decreasing attenuation, with increa<>es m the magmtude of the 
varinble to its lim1t of unity. 

values of e, Wllh the amount of amplification decrcasmg as e mcreases to 
its lim1t of one. Again, the intuit1ve notion of a vanable w1th a negative 

033 0·67 1·00 
e 

1·33 1 67 2·00 

Figure 2. Plots of v =ca forO< e< 2 ~nd a= -3, -2, -], -0·5, O, 0·5, 1, 2, 3. _j 
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exponent bcin~ an uttenuJting variable is nut quite correct. For :he cJS~;: 
of Yanahles whose range ¡<; zero to one, a negarive exronent implies 
der:reasmg umpllftcatton :.1s rhe vanable gocs from ztro to its !imit of 
UllÍty. 

Jn the static situation, it make~ more sense to constder each zonc vi<>-a­
vis aJl other zones. For a variable with a po<;itive value of ex, ~111 ollter 
v:triabks being equa!, one \VOU!d expect ~reater va!ucs of the depemLmt 
variable to he as~ociated with greatcr valucs of the indcpendent vnriabk 
thi!t ha~ a posttive C\' Sumlc~rly, )11:Jl!er values of 1he dependen: V<Hwble 
wouJ¡J he ex.ped-..d to lw .lS)Oli:ttcd Wlth gn;¡¡tcr V<dllCS o!' thc :ndep.?llUCJII 
v,¡riah le t he• ~ na:> a n (.>garive c.. Thts reasonin:~ al so hold s for ti: e si tu a ttun 
in whic\1 tll~ particular indercndent variabie increu'ies 'or decreases. 
Noneilte!ess, it nwst •v~ renll'mbcr,·d tli.<•~ int~rpretation of the model'~ 
pa1 anteters does n~volve the oottons that a de crease in attenuation 
produces increases and a decre:1se in amphfication produces decreases, and 
that thcse are, tll í1 cert~,:r, degree, counter-intt.itJVe. 

ln tht-; samc .;onm•ct:on tl:e use of tile e:\pom~ntial-product form of th~ 
mcdel ,·aused som~ opcrat1n:; t!tl'fn;ulttes. T!Jcse :Jnsc when one or 
anothcr of the indepcndent vanables approaches zero. It may easily be 
3een in ftgur.: 1 that ne;Jr zcro the function v = e expa becomes rather 
volatile for al1 nonz:ero v::~lues of a. Consequently the Mmneapolis-St 
Paul data were n·run wir!J al! the mtlé'penclent varlí.lbles. with ranges !rom 
0·0 to i ·O sh1fted to tite Ltllgc l ·O tú 2 ·O by 'iimply replacing Lf, s:.Jy, 
by (l·U+L~); t!tc~e results :ue shown in ta!)k 4. Althoueh there are 
some nottceablc L"lt,mgeo. m the coefl1cients, as compared to thc results in 
Ltbl~ 3, thc owtall pJtlcrns of wefficicnts are virtually identical. In this 
l"orm both the problem ol 111~tabtlity as the variables approach zero and 
the prob!L:m or thc count.:r-mtUltivc operat10n of the exponents are 
1\!nlCdll!J. 

lt 1s very diff,cult to refrain from speculating about the substantiv.:! 
implic~ltio'lS uf the p:.muneters obtaiucd in these eslimations; nonetheless, 
this would be thl:! wisest policy at this time. One cannot, however, rcs1st 
th~ temptation to cal! attention to thc hollseholcl·cornposition variables 
:Jr.d t he tnte;estmg spccu!ations i.hat the reader may wish to make about 
tlwm. Two queo;;ttons ¡¡re posed ht>re which shouid be explored during 

Table 4. Rev;sed best-f¡t parameters (exponents)-DRAM-foí Minneapohs-St Paul 
(o,:~: hundred and etgh t zones). 

H0•1sehold 
type 

Hou$chcld composli!On 

u'¡ 

Lanc developrncnt 

·-----------··------------
F1rst quartile 
Secoml quartJle 
llmd qúartlle 
Fourth quat ttle 

'2 92 0·62 -1·71 -J 32 -C·IO 0·55 0·83 
1·51 2·04 -1·36 -1·57 -0·06: 0·65 0·85 
0·03 0·45 1·06 -0·64 -0·09 o 60 0·87 

-0·54 -0·55 -0·06 1·33' -0 07 0·63 0·88 

D:stan.:e 

Ct {3 
---

' 0·92 2 ·14 
2·24 1·36 
2·84 1·32 
2·48 1·52 

0·89 
0·88 
0·89 
0·86 

----- ---------l 

l ¡{ 

.J 
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further work w1th the model. First, with regard to these parameters of 
the household composition in each zone, 1s there an apparent preference 
amongst household types for 'equals' or 'betters', that is, higher income 
classes? Further, if this preference appears, is it a preference for the 
amenit1es with which they are associated? Second, having seen how a 
change in the size of the areal unit changes the shape of the travel 
function, how does such a change affect that part of the model that deals 
with attract1veness? To the extent that the household compositions are 
representative measures of a complex of vanables, their rneaning may be 
lo~t on large areas. For example, the representat10n of ne1ghborhood, 
W}ll(;h may sl,1ow up at a small area leve!, may d1sappear when the areas 
are aggregated to larger zones. 

Another set of questions that must be resolved during further work with 
this model is concerned w1th the mteracllon between the 'travel' parameters 
ami the 'attractivencss' parameters. In the~e expenments one might first 
constra1n the attractiveness parJmeters to zero and observe the f1t of data 
to the travel function only, w1thm the construct of the model. Then the 
rewrse could be explor~d by ~onstrauling the tr<.~vcl parametcrs to zero 
and observing the fit of datu to the attradiveness function only. This 
informa tJOn might ha ve he en obta1ned 1 ro m the independent titting of the 
two parts of thc moJel fo1 mulation descnbcd earlier. However, the 
fundions used w~1 1.! not quite correct, nor were the data. 

In retrospect 1t seems that the earlier, independent estimation of 
portJOns of thi.:! moJel that was performed for the San Francisco data was 
unn~cessary in tt>rnb of estimating startmg valucs of parameters for the 
complete model. The knowledge obtained about the appropriate functional 
forms to be used in the complete moJel was, however, a worthwhilc result. 
In future caJ¡br:Jtion work With this modcl 1t will probably be more 
t'ff1cient to b~·gin With the complete form of the model, perhaps omitting 
<>ome or thc attractiveness variables, or at kast constr:unlllg the1r parameter 
valucs for the f1rst few runs, while mitial values of the other parameters 
are cktermined. This procedure seemed to work re:.~sonably well for the 
I\lmne:¡polis-St Paul data. Finally, it should be noted that the use of r2 

<.~s the LTJknon for paramder fitting IS not dearly the best critenon for 
funct10nal forms l1ke DRAM .. The use of maximum-likelihood critena is 
being 1nvestig¡_¡ted for future work. 

In conclusion, thc initial tests of this modd formulation are quite 
promising. The model appears to be capable of providing direct spatial 
allocations Qf houscholds, by ~everal types, without the need for complex 
mput vanables or involvcd sets of constr:.lJnts aJHl ad]ustments that are 
usually found at the tail-end of land-use models. Work is currently 
underway to reevaluate much of the work described here and to produce 
a more final anJ defmittve form and ca!Ibration of DRAM. 

l lb 
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A model of shopping center location 

F W Ducca, R H W!lson 
Uepnrlrrrenl uf Crly Piannrng, Unrversrty of Pennsylvanra, Phtladelphra, Penmylvanra, USA 
Rc;c.ervl!d 1 Septernber 1975. rn revrsed forrn 21 Aprtl 1976 

Ab.,tract Tire purpo;c uf tlrrs paper 1; to present J model uf re!Jrl employment wh1ch 1ncludes 
pl.r1111<:d >lruppmg t.CillCr> 111 tire cmploymenl-~llocJtlon lunctron Thc d1fferences betwcen planned 
,lrupprng tCnler> JIH.l unpl~lllncd .rrc.r~ .uc cxplorcd Tire mude! lo pruJect ret.ul employment r; 
prc>~,ntcd Multrplc '"uru:; ul demJnd Jre ,rllowcJ .rnd an equllrbrllllll between employrnent .llld 
J~nJ.rnd " .rs,umed 1\ pwcedurc to i<K.rtc adJrtronJI piJnncd shopprng-centcr JTCJ> IS derrved 
llrc L,rlrhr.rlrun procedure rnvolve' .r lull-clrnJbrng .rlgorrtlnn, .r crrtenon functron, .rnd thc pJrllJI 
d<:llv.rlll'<:'> ol tire .rlloL.rlr~>n frrllLII<lll C.rlrllr.rlltlll resull'> rndiL.rlc ,1 good pJr,nneter lrl .rnd support 
lfrc fryp~>lfrC\1\ llr.rl pfJriiJed ,JitlpJllllg LCIIIC() .IIIIJLI TC!Jrf Clllpfoymelll 

lntroduction 
Thc 1110'>1 frcquently useJ type ol rnodel lor predicllng retJil employment ts the 
gt<IVI!y model, lor cxamplc, llufl ( 1062 ), Labhmandn anJ Hansen ( 1965), Ftdler 
(1'1(>7), BALFLO (1-farm. 1964), the rct.t!l componen! ot the Lowry model (Lowry, 
19CJ4 L :Jllll tite Lowry-model clenv.ttlve; (Coldner, I 1J7 1) Dunng the la~t ftfteen to 
tWL'llty yc,ll\ piJnned .,1Joppll1g centers h.tvc become a vny stgntftcJnt purt of thc 
tel'ltnology ot n:t.r!l lt.tLk (St..:rnle1b, JlJ(J2, S11nmon~, 1964, Cohen, 1972) 11 ts 
(.OiliL'IIded tlt.tl, wttlt tite nwvement ol popu!Jtton to the ~uburbs .tnd !he r.tptd 
grnwtlt ol pla11ncd ~hopptng (.cntet~. the cltect ot ~uch Lenters \hould be tncorporuted 
111to loL.rlton model'> of retatl employmcnl lt ts further contended that these models 
J¡.¡v.: 1101 .!t.kqu.ttdy allowecl for the ctTec,ts of planned shopptng.centers. 

Plnnncd <;hopping centcrs-differences 
13rtel"ly tite dtf'len.:11ce~ bctwecn plan11cd -,hopptng centers and unplanncd ~hopptng 
<rre.t., ~tem trorn thc Lontrol of the tormcr by a \tngle manJgement. A p!Jnned 
~hopp111g center t~ Jeftncd as betng "piJnnecl, clevelopecl <Jlld Je~tgnecl :JS a untt, at a 
~utgk t1me, to meet the tr:Jclmg requtremenb of a ~peetftc area, and thJt tt ts 
dcvcloped under J ~tnglc management" (Davtd~on, 1960) The dtrterences between 
pl.tn11ed .,Jwpptng center-, .rncl unplanned agglomeratlütb of retatl employment tend to 
be n:fleLied tll rent:JI pattern~, the typc ol ~lores tn thc cc11tcr;, the localton of ~torcs 
wttlun thc ce11tcr, .tnd tht; stle sclectton .ltH.l amenttles .tssocwted wtth' the centcr. 
l:.rclt ol tltew cltJr.tderr~IIL~ w!ll be dt~Lll~~cd 

Renta! p.ttlern., tn J ~hoppmg center r..:l"lect the v,tlue to the renter of the center 
localton, :Jnd rn.ty .il~o tdkct the value to !he center of havrng a particular lme of 
rt:tatl tr:Jde locJted W1th1n ti R.ents m.ty be lowered to ..tttract the type of store 
whtch wtll tn turn attt.rcl ~hoppcr~, ancl may be ratsed for the type of store for whrch 
a ~hopptng center ts :Jn c~pect.tlly de~trJble locatton 

Tite type Jnd number ol '>lorc~ alloweJ to locate tn the center ts controlled by the 
lll:Jtwgement. For example, pomogrJphtc book stores or fresh-fish markets are 
excluded, and normdlly no more thJn one Jewelry store wtll be found there 
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---------
Mana~t·m~nt must 1Im1t tite llll!nbeJ of shoe :,lores located 111 a ccntcr, sm-:c a pbnned 
cenk1 IS a vcry uttructlve s1te for the1r location aml the c.:ntcr can be ovenvhel!,~eJ 
by them At k..~st on..:, and us~Ially severa!, l<.rge dcpartment storcs nounally (c,·ate 

•n the r·:nkr. 
Wllh1.1 tlu: ceJ~ter the loci:!tton of s~or.:s tS <..Mefully conlwlled, With large dcpi.JJ!rm·nt 

o.,tun.:'>, wh:ch are th,: muJor attlactnrs of trade, placed al thc ends of the center, ulld 

lli,· ..,tnalkr Lllllkh loc,lletl bctween tl~ern ~') "~ to bcncflt from the trade dr.1wn Í'Y 
Lile l~11gt:r stotc'i. lt wa~ mcntiOnt>d Cdrlter that renta! p<~lkrns tn ~hopping ~·et't:::rs Me 
L'Uil tro! kd hy tll.l!oag,•n¡c¡> t. Tht\ b don·~ tol sud¡ a way t har ),u ge Jcpartmen t sLo: L'> 

li'llalty pay 1 mucl: low~r rent th.tll tl~r ..,¡,;alkr !>lores; l:l'fectlvdy they ~~~·,: bcl:ig p..¡¡J 
lor .ti!~JL'LI•lg ÚI'itom::Js, w!l\'reu~ tl.e smail ~tor,~~. through h1gh rents, ,lf(: pay111g !01 
the bt:nL'fll'> of a ~th: to wl11<..h customer~ .u e be1ng Jltracted (Sunmons, 1 \164). 

Fmully, pl.•nned ~~~upping centt:lS aa: oocnted toward an automotJve ~oc¡dy. Sttes 
<.~r. rurei\,lly ~e-l·~~·teJ w:th It'~p:::ct t0 tndJOr h1ghways, and large pJrktng .. m~as ure 
alv:ays .n:.:lud·:·l •n the s1tc for u ~hvppm~·, ( ,;nh!r. Tht•s,· f.1ctors <..umbme to m:.~kc 
shopptPg t:L•nrt:~s htghiy acceso;tble to .Jl'ir,nwhtlc (¡¡·i f:c. 

'1 ht exact rei.J!IOiblllp ol thLst facwt~ 111 dttral'!ong Jetad trade 1s not n:rtam Thc 
cüntent:on of 1111~ pJper 1s tlwl they combme to make pbnnl·d !>hopp:ng centers mo1e 
.tllf.IC[IVC to L'Olhllme~~ than unpbnned agglomerations or tetad tradc. b'urlher. ¡f 
pl .. mtwd ~hopf)mg cenlers are ~lgrllllcanl, t!Je stgnlfH.:ance w11l become ap¡::-<.~Itnt 11~ !he 
calihratlon 0f a model IP whlch the1r ~1ze and locat¡on are ;ncluded. 

The APOI{T mod~'l 
The APORT (A PIOJec:tJon Of Ret<~II Trade) model was developed to allow planncd 
~llopptng ccnt·:r~ to be •nduded u~ a factor 111 the projectiOn of rctall cmploymcr~t 
l11 [1¡:, mud .. :l. \kmano..J 1s a~sum~d to bt: attr.:Licú loan o~re,1 by the CXI'>lllrg ~:mrloynwnt 
111 the <IIe,,, lile c:rnployment dcns1ly, :md the distance wh1ch mmt be lravt:kd. 'l he 
.• r.~.t uf" pi.11111Cd '>hopp1ng cerrtcr is used m thL' calculat1on uf the cmploym:::nt den~oty, 
antl <1!1 ..!t¡llillbl !U in dl,trlbUtlO!l of retad Clllployment IS p!Ojected by ll~lllg ,111 Ill'fd!IV': 
re~hnrqrP~ ~kmed lrom BALf-LO {HJrns, 1964) A submodel was also tkve!opcd lO 

,JikK.Itc thL· ute,r ol :1 plann~d ~l!Opptng ct:ntrr, a proceJurc that 1s acLomplrshed by 
aP•dyz1r:g lhe marg:nal re~enue of each zone w:th 1espcct tv the Jrea of thc shoprtng 
c~nlL r <~Erl !!len allocat1ng ncw are.1 for a ~hopprng c.enter to the zone wrth the 
grc.rte ... t mar¡;1n"i revenue. Tlus procedure \V.rs d~I1vecl frorn an algorithm clevdop.:d 
by F1dler ( 1 ')(¡7) ' 

Luca/to/1 uj retar! employml!lll 
l he !ol!own,g JíL' tfl,; vana bies of the model: 

S11hscnpt.\ ' 

denotes the zone of ongm of demand, workslte, or res1dence, 
dcrootes the /Oile of reta1l liacle (LOne ot Jestmal1on of c!emanJ). 

l'anah!.:s 
e; ¡•; t he rdail ernploymen t 111 ~on...' ¡, 

D,•· r~ the L~emand lot ret,ul ·~mployment ong1natmg 111 zone i, 
IJ,~' rS t!n• dern,;nd for rctail emplo~'rnenr crrgmatmg 111 70IW 1 arnvlllg rli zont: /. 
d,1 " the utsl.mce from zone 1 Lo ZO'h! ¡, 

q1 ¡•; lhc den'>llY of ret:.Jll trJck 111 ?one ¡, 
.'11 l'- tl.c tut.il pl.llllh.:d fioot ~p..~:.:~ el" J ~hoppmg ~:cnkr 111 zone ¡, 

1X1' 1.., rile L!~Jn~o:•d !or r•~L11l empl0ynn:~t .lfrrv!llg m zone ¡ (whe1e an aslensk that 
íeplau:, ,111 llld,;, dcioOlc' ... u:llli:Jit·.)n) 

1'11~ Vdri.ihk q1 r~ dcl1m:d a::: Jhe ioLJI J..:t.:tl ·.::mployn,ent 111 the zonc dn1ded by thc 
l .. llld .JIL'.I ol tile zonc Thr.: n:·.1~on ior dHJ•hrng thts asan altraclor was that lhl' 
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demer Lile n.:l<id trJde, the more l1kely •• comumer\ ¡JL'JCepiJOn that he could sal1sfy 
tile p111 po-,e of a '>hoppmg t11p "' the zonL'. 111 , the tol,d planneu ,JJCJ, compn~·:~ 

only tel,ul lloor ~pace, tl doe~ not tnduuc cxtcrnJ! m.db or parkmg lots. 
A~ ~1.11eJ e,Jrl!er, there are three fadors whtch determme the attracttveness of the 

zonc., reLul employment, denstly, ami dtstanee lo lhe zone. Of these, the mtcrnal 
ch . .llaclct:~IJcs ot thc zone wh1ch determ1nc tls JttractJveness are retad employmcnt 
Jllcl den~lly In cailbratmg BALFLO, IL!rns ( 1964) found that dens1ty was cffective 
JS a measure of JltractJon for the Centrul Bus111ess Drstnct ICBD) zones bul not for 
suburhJn zones wtth i:Hge volumes of JdJJl trade but low densittes. To •:ompensate 
tor llw;. thc arca ol the shopp1ng cc11ter 1~ used as J substJtute for denstty in areas 
where planned ~hopp1ng ce11ters occur. The arca of the shopping center 1s added to 
demtly ~o lhJt thc comb1ned effect wdl allow 11 lo be the clommant factor m zones 
wherc pl.tnncd ~hopplllg ce11ters ate locJted The cle11~1ty f.tclor the11 b~.:comes (q1 +oA¡). 

In lhc cJ~e ot dcmJtHJ ongtndllllg JI lhe place of restdencc, D,cr ts measured m 
1 1 ' lcnn~ ot lile popu .111011 of zone 1 or thc populattol1 multJpl1cd by the average mcome 

ot Lone 1 For dcm.1nd ortglll,,t,ng .11 pl.1ce of work, D1"' 1s me,t~ured 111 term~ of 
cmploymcnt 111 1 

!'he p.lrJmct.:•~ of lile moúcl are JS follows· 
O' •~ ·"' L'\ponent appl1cd tu total attr.tLIIVL'I1es~. 
O 1'> .1 L'OL'IIIL"ll'lll of -,1Jopp111g cenler '>!Ze, Jllcl 
h ",111 ~:xponcnt appl1ed lo di'>l<lllLC. 

Thc comlr.ttnl lo be .ippl!ed to the model ts lhat 
rcLtli employntelll, th.1t "· ':i_IJ1"' = L.e; 

1 1 

In .lddi!IOll, .111 et¡L11i1br:um cond111on 1s requm:d 
lo ;onc ¡ •~ cqu.d ro 1 hL' retad employment 111 zone ¡ 
lot all ¡. 

Tht: b.1~1c ~tructure of the model 1s 

JJ,~' = D1"'B1 eJ(q1 + oA1)
01dS . 

m¡'= 'i_D1~' = '[D('B1 e;(q1 +oA1)
01d;¡b, 

1 1 

whcre 

81-
1 2.e~(qk+oAdxd1~ 

A 

rotJ! dem:md ~~ equJI to total 

The Jmount of clema11d Jtlraeted 
TlliS 1s expres~ed by D;; = e~,. 

Tllt.' problem 1s to ~olve the equat10n for a set of e; such that D':f =e;, for all ¡, 

the method of solut10n 1~ an 1terattve technique tllustrated below 
Dd1nc lhe follow111g VdnJbles m the tlcratJve procedure. 

e;'" '' the value of e; on tteratJon m, and 
u:;"'·~ lile YJiue of D:; 011 llerJt!Oil 111 

To ~olve for e;, let e;' be any dJstnbutiOn of the supply of retuii trJde subJeCt o11Jy 
lo lile comlrJtnh 

Thcn 

Dcrl ., 
and 

'\ Dcr L 1 , 

"D"' L IJ 
1 

Jlld 
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-------------------
At thJs pomt n;: 1 1~ SUb\lltuted !ll:o e; for thc se.;ond Jtention Thm u;t 

replacc~ e; 2 ; till'> pru,:ess 1s rcr-eakJ w1th D':¡"" as for e,; m+ 1 on l'dch JteratiOn. The 
p1occ~-; !>top-; whcrL' e;"'"" e¡'··~ 1 , or D';[111 ~"e;". Th1s dJ~tnbutJon of e;m ~~ rcfe1rl'd 
tu a<; e; (Jil!JJtJon superscnpts are orrutted) 

;l;l!f¡¡p/t' stl/ilu 

AI'ORT quy !w ll\cJ WJ'.h mu!tJplc <vlJrc•~s (s!r:lia) ol d':!rnanJ. Jlow·.···~~~, in muvmg 
lrem U1Je dcm.1ntl ~ourc~: tú r,H\ltJp:.;; dema:1d ~CJur~es 1 wc1ght pd~~'11t:tl;r rnnsl be 
add<.!d Wil<.!n 1nult,pi~ ~ource<; an· :lllowt•d, e:u .. h sourc~; hJs lt; ~'Wn behaviurai 
ch,•J,JCt<.:fi\IJC!> "' re:'lected 111 o. e<, d:lcl b, w;tll the we,ght para;m.rer mdJLalmg the 
tLI<~t:v·~ 1nflu·:nce oí· c:.¡cl~ source 

TbL rormulatiOfl IS rllusirated ('elO'V. Let n de:wtc the straturn or dem:md, wh~~rt 

n can takt: 0:1 the va:ues l .1nd :::; -;ubscr1pt :ndJc<:tes pla<..c o!' rcs1Lience 1nd 
>Uh-,cPpt '2 IIHII.:utes piJ~:e or work 

Tli•: fornwi.Jtion ther. becnmes 
JJ,"'(I) I!> t!ie den1JIHJ cf typ..: l JflSI!lg !P zone 1, 

D
1
'''l !¡ ,., the d..:m:.:nd oí' ty~w 2 <lfi.,Jng 111 zone 1. 

a: 1, ú 1 Jrt: tb: dt:ns1ty pJI..!!flt.:krs fo1 type> l and 2, 
b 1. o1 are ti: e :-.hoppmg-,·l!llkr 'TlUitip!Je:~ fo1 type~ 1 and :::, 
h 1, h 1 :1n: the d.~tance 1.JUJ:.Jmeten, lnr ty¡:,c,; l and 2, 
W1, fl/2 are the n•l:.JtJve 'h.!Jgl:t,ng 01' demand type> l a1:u 2, where 

w, + W1 = 1 

ami 

tlw, implle\ thdt 

\e'= W ) D"'('l..;. W \ ne•(2J L¡ ¡,_,' 24- · 
1 1 

\\'1..' then redelnH: eJ J~ the sum of l!é'mand attJucted to wne j of type l and 
demand .1ttr.1cted te ZOllL' j of typ::: 2 

eJ "" D~J = 1!!: 'f_D,"¡( I)B, e;(q, +o ¡A,f•d,f• + . w2 Iolcr(2lB, e y e¡,+ o2.A/"'d,~' ' 
l 

typc l type ::! 

01, more gcnendly, 

e' = 1 D"' - \ )IV D"'B "'(q +., A)<>,., ,b.., ..-J - L ..,._.f m "'· IL./ ¡ Um ¡ w, 
~ til l 1 

Th1~ 1s al•;o solved 1terat;vely for the eqllllíbnum drstJibu¡¡on of eJ lt has been 
deknmncd expenmentally th,Jt w1th any illltbl estima te nt e;, the· model qtPckly 
tte•ak:o. toa solut10tL It h"1s also ::,een deternnnecl exp..::nmentally that thc equll!lmurn 
soluiiOJJ rs un•(F!e and mdcpendent of the :rurwl esttrnale. The unrqucness of thc 
solut10n 1s diso st~pportecl by the work of blon et al. ( 1969) who demo,Jstr:.~ted 
mathernar:cally that 111 "rnodel w1th..; ~tn:cture verv sumlar to APORT thc iterattvc 
procc:Jme produced a un1que solut1on 

Shopping ccn tc1 loca tiOrl 

In Jcvelup111g the nwdci for ~hopp.ng c·~nlcr locat!OII. two uds:c probkm.> ~eemed 
lilllllc'~li.llcly dppJlCilt tdcntJftc.lllcn o! thc .-:om: :n wli:cll to locdh: .:>pace for ,1 new 

-.hup~'Jilg <..cnte1, .1nd how mu.;!I ~p:1~e to loc.Jt(; t11ere. On ft!rlher analy~t" th1s 
bcc.tlllc .1 probkm of tldllll!lg the purpüs·~s for \v:.1d1 tlw modél wou!d be used 
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lt was assumed that the model would be used m a predict1vc mode and that the 
locatwn of new shopping centers would rellect choices made by developers Tl11S is 
unplemented by selecting zones wluch max1mrze the amount of trade that a new 
shopping centcr w11l attract. The underlying assumption is that the srze and locatwn 
or planned !>hopping centers result from mdivJdUJI developers selectrng locatrons so as 
to mJximize profit. Thrs 1s similar to the Jpproach t,tken by LJkshmanan Jnd Hansen 
( 1965) and Frdler ( 1967). 

Altcrnatrw entena werc cxammed, rn particular that of maximtzmg benefit to lhe 
consumer or maxrmrzmg consumer surplus (Wilson, 1974; Coelho and Wrlson, 1976). 
lt -.cerned that thts approach was well suited as a deCJsJOn too! for controllmg the 
IOLJiion and growth of shopping centers but not appropnatc as a predu.:tive too! when 
dcvdopcrs Jrc free to choose location and stze 

The origmal formulatron can be restated as 

, ncr _ 'Dc'B '( +"A )odb •1 - L 1 1 e, q, 0 , 11 • 
1 

Dllfen:nttatmg thrs with respect to A1 yields 

an~r c:xó ( ncr2) ·if = L (q +bA) DI~'- da 
1 1 1 1 1 

dJll.l 

a m: 
aA, ;;;;. 0 · for A1 ;;;;. O . 

Thts quantity rcprescnts the marginal increase 111 retar! trade in zone ¡ gcnerated by 
dll lllLTCJ!>e in shopprng center arca 111 ¡ 

ap~;/3A1 1'> calculated for all zones 111 whrch ac:tivity in the shoppmg ccnter rs 
penmttcd. Zones may be bypa~sed because of con5.tramts, such as zonmg or lack of 
aVJtiJble hmd. After the zone with the greatest margmal rncre¡¡se ha!> bl'cn 1dentífred 
then the problem ¡¡nscs of the ¡¡mount by wh1ch thc ~p<Jce of the shopplllg ccntcr rn 
th.rt tone ~houiJ be increased. 

TwJ altcrn.tt1ves werc cxamincd. allocatrng addi!IOndl lloor space until the 
addrtwn;l! profit gencr<Jied WJs les~ tl)an the cost of !he spJcc, and allocattng f1xed 
IIILrcmcnts of J tot¡¡l volume of floor ~pJce of a ncw shopping ccnter Thc t1rst 
JllcrnJtive r~ theoretically prefcrable but c<Jnnot be nnplememcd m pr<JcttLC. Thc 
AI'ORT model me<..~sures total demand in a zone, wh1ch cJnnot be d¡s¡¡ggreg¡¡ted lllto 
thJt for ¡¡ shopprng center ¡¡nd th¡¡t for a nonshoppmg cenrer. Conleptu¡¡!Jy thrs 
mean~ trrps m¡¡y be made to a zone because a shopprng center is there but that other 
~hopping m¡¡y take place m the zone but outsrde the shoppmg center.-

The <>econd altcrnative was the one chosen. This procedure mvolves dccJdmg f1rst, 
the tot¡¡J additional lloor space for a shopping center whrch the area wJ!l support, ¡¡nd 
second, the srze of the increment to be added. Befare describmg thrs procedure, some 
dtscussion of the drstribution of shopping centers rs necessary. 

The exrstmg distributron of shoppmg centers ano the- pro]ected distributron do not 
reprcsent equilibnum drstrrbutrons ~mee the loc¡¡tion of the shoppmg center rs f1xed. 
Once a center has been built, rt cannot 'movc' to another site. Further, although 
employment in the centcr ~ay grow or decline, the s¡ze of the center is relat¡vely fixed. 

The questron arises concerning the unrqueness of the projected distnbutwn of 
shoppmg centers. lt IS qurte likely that the distnbut10n 1s not unique. For example, 
if severa! adjacent zones hJve a hrgh v¡¡lue for 3D~J/3A1 , loc¡¡tmg ¡¡ .:en ter m Jny one 
of them would signJf1cantly lower 3D~J/3A1 for Cdch of the others. lf any of these 
zone5. were used as the starting po1nt for the algorrthm, the location of succeeding 



GHl F W Ducca. n H Wilson 

allocJliO•i~ would not cl1:.tnge. Furthel, ¡f 1n the reJI world a 'bad' lccat;on decision 
1s m:.tde, IIJ,Jl ~•1<: wlll Jcrn<~Jn a shoppmg center owing to the l::uge cap1tal mve.-lrnent, 
CVL'n thvugh 11 ~~ not as pwfJt.Jble as :..n alternJ~!ve. Ont other aspect of the Jol.at10n 
p10u:d u re necds lo be cxammed. ! í t :10 adJacenl zone~ '~<H:h ha ve il iarge oD~;/3A¡, 
'>houiJ 1 wo sm:lll ~l1opp1,1g cen te1 s he lo(;a(ed one m e:.tch ?One, 01 one l;,~rge C':'ntrr 111 
" sJngle zone'1 The :.t~~LIIl,ptlu!•~ uset! m the modtl are b:Jsed on <he knowlcdgc of 
pllenomcn.1 111 the ,e.Ji woíld T!>': constnJ.:tíon of shoppin~ ct-;nters IS ,; m.t;or 
ll1VI.:',tll1elll. :1nd dl!Vciope•~ ,t!C 1101111.JHy WcH aWdfC of the ma1kct llt.:LIVJty of ::>tlicr 
developcrs Cul-IIJrcal ccmpel l[:on doe~ not appt'..!r lo o~.:cu:- once a center has bet'n 
hudt. therelo!c, th•: ;o,,: oí· gre:tlt:!:>t poter!trai wd! n:ce¡ve floor space '{:11.! t!11S :;¡ay 
re~ult 111 1h potcn!idl J,!lhPg IJelow othe; zúrh::!:>. 1-Jowever, after ~uccess¡ve allocJtror¡s 
.1re malle 1! ,.., pl)•.,JIJ:·.· l!l:ll lhc ongq1,t1 k:,d.:J ni<•Y ,Jg.Jin beLome the zone L>f greate~t 
k.t\JbJ,· pú!Cilll,d. 

r~//o,·a/!0/1 priJCI"J~·re 

Tll<.' proced'.!re h¡;¿~m •1:Jth an ~:xamll1d(!ún of th:: pof<';¡ti_,l of ;:~eh zone (aY.;/aA, -= e;> 
lor tr.td·: lrum" n<.:w sil()pp1!1g t.t:!ll<':. ,'\li :z •. •ne~ Jr\ó tllc:n rankec! accordu:g to the1r 
pOll'lllJal, :md 'iJI: í'One w:th tht.: gn:Jtest p0knt1al ·~ the f1rst to receJve an allocatJon 
of shvpp111g-•. cnter l!oc.i' !:>puce. Th·~ LOrle :1ext 111 r.1nk JS thcn cxamtued ro dcteiiHJJlC 
whether 11 ;s too c!cse ¡,, the ~unl' tlrat h.1~ rcLCIV•:d th~.: HlHIJI :dlocat1011 (thc ralJOnale 
lor lllJ:, ,, tila! two adJ.ll'l:nt 7orH:~ may l!dt.:h have potentwl for d new shoppu1g centa, 
but whc:n ;¡ ~hoppmg •_enter JS i1JCJled 111 llther 70l1l. lht: othcr wdl no longcr be a 
vJ.dile locaiJon) 11 thL'Y .m~ r;u~ wo clo~..:, lile ~cLond tone rece:ves an aUocatton of 
fioo. ~P.JLI.:. 

Tl11~ ">t:<¡llclliJ.JI .dlocalJon b rcpccttt:d untd u plc~pec•f•ed uumber of zone~, m, h:\\'(~ 

Llct:n cxc~mrPt'U Wflt•n th1~ h.J> becn compJeJ(od, t!1e sy~lem is ~Jilowed to 1ter:tte to 
cquJirbnum w•th tht: uew ~hoppmg centcr~ The entne procedure JS thc:n re}l:.:.ttl!d, 
bcgllllllng w1th Jer~!Jm::t¡ng ti!L' potentJa! ior ~hoppmg centcrs 111 edcil zone. The 
,dgo1 i!hm ~top~ Wllc'n tllL' .1JdJllüJ1dl volume o! floor ~pat.:e to be .dlocated has becn 
lotally ddnbutel: 

1\ mor': lk'~aikd u~~cr,ption ol thc algontl,m b lilustraterl belovr 
A 1

' 1:. the vector ot tlfl~llldl ~hopp;ng·ct:nLer spwlC, 

11 1 
'" 111\! veLfor oí ,wgmented ~hopplng-l.cnter spacl', 

N .., tllt: ~el o1 ,lii 1011':~ 111 w)IJ(;I! ~hopplllg tXIIter loc.1tron JS k.JsJbk, 
11 .JIC lite iO:ll:~ '.vhll . .:l! ,¡re demenl~ or N 
A 1~ lile :-.t:! uf Lonc., 1n wluch n·~w ~pace 1s 1rdued. 
J.. .11: lile LOilC'> wil1ch are l'klllenh of ~el K, 
"' " t he nuJuhcr ol p1 e•.pt:cli 1cd 1ones to b1; placed 111 se! K, 
S •~ the tot<~l dlnütlnt of space to b..: :¡Jiocatccl, 
t::r.S ~~ .111 illLTenll~nl or ~p,H.:e addcd to sekcred zone5, 

( 1mur :s the lllllliil1Uil1 JlltelLOnJI di~tanc-: fo, selected Zúnes, 
J,1 •~ the dr!>tdnce lrom zon..: t to zone ¡ 
TIJe procedure lor loc.tting new ~hoppmg-center space is as follow::;: 
Stcp l. Cdcuiate C'¡ for all n E N 
Step 2. Son the set by arrangmg e; 111 descend,ng arder. g;vmg C,11 , wl,ere i 1s the 
mdex after sort111g ' 
~\tep .i For N = 1. t :s JssJgm:d ro K, a!1d b..S ~~ added lo ·wne 1. 

Stcp 4 For 11 > 1, (J) 1f d~.., > d""" for all ;: E 1:, .:.dd t;S IO the area of the 
'lwppmg c,:nter 111 11 .Jnd cnntmue, (b) ,f dkn < dm 111 fcr any k E K. go lo ne>:t 11 
,1111i e:<<Jmllll' thc cnrre-;p.)mling zont: Conlmue to rcp~.~t th;s step untJI m zones :ue 
•'-'">lgrll'd to K 
Step 5 '1 )¡,: f(;Bl.Jlrll;J); 'ipace to be ·¡iJOC..!iCd ·~ s·l' S: +- S- flS 
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Step 6 lf S1 ,;;;. m ~::J. S, go to Step 1, otherwise stop. 
The 1deJI prol.edure for locatmg new shoppmg centers ts to set m = 1, thus 

bypJsstng Step 4 enttrely. Thts is expenstve m terms of computer LJme, smce the 
sy~tem must be nerated to equtltbnum each tune Slep 1 rs encountered. Step 4 was 
c~Jcled pnmarily to avotd thrs cost. The mmunum drstance test m S1ep 4 ensures that 
two adJaCt!nl zones, each w1th a Járge e;, are not each allocated space for a new 
shoppmg center when an allocatron to erther zone would cause a drop m e; m the 
other zone 

Jf S •~ large, m and t:J.S should be adjusted so that the algorrthm IS applied severa! 
t1mes For a problem cons1stmg of th1rty LOIH!S, for example, 1t 1s recommended that 

Calibration 
Becausc the allocatJOn funct1on Óf APORT 1S nonlmear, a gradJent-search techmque 
was cho~en tor cahbr:.~tmg the parameters. Bnelly summanzed, a grad1ent search IS a 
hill-clllnblllg :.~lgonthm wh1ch will max1m1ze a cntenon lunction w1th re~pect to a set 
ot p.1ramete1s. ll doe~ th1~ by t1rst calculatlllg thc: cntenon and denvdtJves for J sd of 
st.1rtmg p..!r..unl!ter~, thcn altenng all parameters s11nultdneously 111 the d1rt:ct1on wluch 
wdl gt'llt.:ldlt' the grcatesl unprovernent, that IS the steepe~t ascent, 111 the critCJIOll 
funl.l1on. W1th each ncw set of pardmeter~ the cntenon 1s recalculated and tested 
:.~gdlll\1 th.: prcv1ou~ V<tlue lf Jll 1mprovement has bcen made m the cntenon, the 
par.1rnde1s Jre ctgam mcremcnted Jnd the process repeated. The process cont~nues 
until therL' 1~ no furthcr 1mprovement At that pomt the derrvatJves are recalculated, 
a new cf¡rectlon detenn~ned, and the process repeated. Th1s contrnue~ untll the 
l.fltenon lunct1on 1s rnax1m1zed. 

The cntcnon chosen for cahbrat1on was the mmlmlzation of the sum of the squares 
ot thc dev¡atJOns between the observed employment values and the projected 
employm,·nt values. After exammmg th1s, it was dec1ded t0 transform 1t into a form 
'illllti.Jr lo the R 2 coeffiCJCnt of detcrnnnat10n. Th1s 1s done as follows 
Let 
e; be the observed retad employment 111 Lone ¡, and 
éJ be th~: e~t1mated retull employment 111 ¡ 

The ~lllll ot the squares of the deviatJons IS then L(e;- e;)2. 
1 

Tlm tJil be tlanstorrned wto R 2 by diVIdmg by the total squJred devwtiOII Jbout 
th.: mean and then subtructmg the result from unrty. Thus 

where 

L(e;- e;)2 
1 

De; -c~')2 , 
1 

'~ LN. 
1 

1 

The grad1ent search reqlllres the f1rst partral denvat1on of each parameter P In tl11s 
case 

:L (e;- e;) ane' 
- -') 1 ' :::::.:J. 
- L(e;- e!)2 ap ( 1 ) 

1 

The calculation of -2L:(e;- eí) 1 I:(e;- ef)2 ¡~ strarghtforward The problem IS to 
1 1 

calcula te the partral denvat¡ves aD:J ¡aP. 
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A~ ddlll.:cl earlrl'f, Id B, be the b:d..rncmg fJctor. and let 

1-,1 = l';iq1 + óA1 )"d~ . 

TIH:n 

and !')"' = '\ JJ"' F /J 1 L. 1 ,, 1 
1 

DllleJL'IIIJ:illllg o;: wrth resp~ct to /', wc oht:Jlll 

~~~ - ~ cr Ir~~·~ 9!~ , ) 
iJJ) - ~- D, \ iJP IJ, + u/' F,¡, 

F W Dw 1 d. n H W1i~n11 

S11h-.rrtutrng tite p.trltal dcrrv<~trvc of each p.tr.tmcter rnto thc equatron yrliO> tli•o 
lolluw111g n.:~ult~ 

~D,"'({o;,B/{JJ,·' (;¡, ~-·'t/11 )- ~te¡ A :-:t¡Jr;~J ' 
~LJ,"'(/:;, B/ { B, ! In (r:1 + 8 1l1 ) - ~ In (e¡ A + lii!df·;k J 

,lfld 

Coml•llllllg !hc-;c fL':>11Ib wrllt t•qtulrun ( 1) yrdJ-; 

rh.:~e JfC lile derrvatrves Whrch JIC/ uscd 111 thc gr.tdlt:lll-S'~arch procedll!t.:. 

Rc:-.ult:-. ami cunclu~rons 

APOI{'I W.t~ c:rlrbralcd on ..r d..rta base ol tlurty tones for the San Fr.tncr~co Jrca usrng 
1965 d,ll.r. Th.: d;J!a rmluded a h1ghwuy ndwOJ k, household rncorne, cmployrncnt . 
• 111d land JJC..r. Tlrrce typc~ oJ' retar! cmploymcnt werc cdlrbr..rteJ general nH~rLil:.u:drsc, 
Jood ~tore~ . .rnd :rpparel Tire ·results .rrc -.hown 111 table 1 

Thl' b par:lmctcr~ J'nr rood ')(OI'C\ (SIC54) ltfC very lugh At rlrst srght thrs ~uggcsted 
a hrgh degrce uf rmpcd:rncc !ur thrs Jrne ul tr.rdt'. Howcver, on closer ex:.unrn;¡lron rt 
:rp¡>L.rrcJ tlwt ret:rrl emplúynwnt 111 SIC54 w..rs hrghly correbted wrth the loca110n of 
re~rd,·JILC al lhe lilrrly-wnc lcvcl. A more dr~aggrcgated versron of the Jala would 
yrdd hvtlcr re~ulh. Tlll\ rt:\1111 •~ ~111111.rr lo lh:rt found by l'utman 1 197S) m 
L.rlrllralrng a rc~rdenlral-luLJtiOil model for the s:rm~.: thrrty zones. 

:\\ lllL'IIII<IIICd earlrcr, lhL· p111 pu~e ul lhL' \ilopprng-centa area WJS lo sub!>lrtllll' ror 
de11!>rly 111 thme t.onc~ where ~hopprng centcr~ oL·cur. Tablc 2 rllustrares thrs lor tlle 
re>~dentJdl P<•r,IJnetcr~ of SIC5J A~ \lwwn, thc :rmplrlted artradors vary from 0·66 
!o 1 ·óll, /OJH~!> wrtil -;!wppmg Lt!llkr~ \:rry from 1·08 lo 1 ·60. Dcrmtv lt:r~ rd.~rrvely 
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litlk efle<..t on thL· totJI attractor Jn the zones conta1J1111g ~hopp1ng centers. The 
largL·st mrtuenu.: of den~1ty 1n the ~hoppll\g-center 7ones oecurs Jn zone 24, where 
dcnsJty m a k e\ ;1 d il fcrence of U· 03 m total amplifica tJon. 

621 

The locai10n modd of the shoppmg center WJS run W1th the use of data collected 
on the S,m F1anc¡sco area m 1965. At thal t1me there were 19·1 Mft 2 of planned 
shopp1ng-center spJcc Jn !he are,! lt was as<>umed that no shopp1ng ccntcr~ would be 
locJted m the center of S¡¡n Franusco, but they Lüllld be s1ted m the zone contammg 
Ü.Jklancl. For 1111~ prOJeclJOn thc amount of ~pJce allocated was 3 6 Mft 2

• The 
merement to shoppmg-center spdce, I::!.S, wa'> ~et at 200 kf t2 

The greate\t ~1ngle .JIIout¡on WJS to d zone JU!>t south of the San FrJncJsco center­
c¡ty Jred Th1s allocutlon wa!> 1 ·6 Mft 2

, ami thae '" some quest1on about whether 
mst¡tutJOnal constr,11nts would allow for surh a Jarge mcn~ase, but th1s 1s a qt..est1on 
that should be determmcd exogenously 'There wa~ dll Jllocat1on ol 800 kff to both 
the zone COI11JIIIIng Üdki<Jnd and th<Jt eontJilllllg Herkdcy. Two suburb<Jn zones were 
allocated ~00 klt 2 e¡¡ch. 

Thcc;~..: re\ults are IHOllll~lng but \Cvcral problems rcmam to be re!>olved. W1th 
respccl to the Joc,iliOI1 ol a planned !>hoppmg center, the1e are two problems F1rsl, the 
C011\IfJinb 011 tht: locJtlon ol " !>hopp111g ccnter mu~l be ldent¡f¡ed. Zones wl11ch are 
lllghly dcvelopcd, 'uLh a~ clowntown S.tn Fr,¡nci~Lo, .1re 1101 hkcly to have a l:11ge 
pl.t1111cLI \hopp1ng cc11tcr no lll.Jllt:r how .ttlrJdiW tlll:y .tiC Olht.:r .tre.t~ h.tve zonmg 
Oldlllallll!S tli.tl Jlfect .the typcs or employment WhlLh may be locdtCLi there. Zones 
of th1s type w!ud1 re<>tnct !>hoppmg eenter'> must be 1dentlf1ed <Jnd excluded from 
ellgible zone~ The !>Ceond problem IS more tlleoret1cal One !>ludy has been done 
inc!Jcatmg lhat shoppmg center\ Jre a changc 111 retad technology and that th1~ change 
WJ~ penetrJtlng retJd traue uunng the penod 1960.:.1970 (Cohen, 1972) A model 
wh1ch .Jccurately project~ the locdtiOn of a shopp1ng center JS J change 111 tech11ology 
m.1y 1101 be th~· -..,1111e model a!> should be u!>cu to proJect the locatJon of a new 
shopp111g cenkr al ter the change has taken pi,H.:e. 

The L'mploymenl location sect1on of APORT needs further analyses Based on the 
ca!Jbratlon results of SIC54, cahbrJttons should be done ata fmer leve! of detail to 
dctenmne whether the pa1ameters chdnge slgnlflcJntly, and the cntenon funct1on 
u~ed 111 <.:JhbrJtlon ~hould be lurther ev¡¡lu.tted. lt ~~ poss1ble that x2 or maxmlllrn 
hb:hhood will prov1de more appropnJtc pJrdmetcr v,lill<!~ thJn R2 (cf Batty :md 
MaLkll!, 197 2) 

Table 1 ('..¡IJbrallon rc~ul,s 

Dcm.lllu \OlHl.e P JramelcJ' R2 

w ó b 

Generalmer,/¡andl\e (SIC53) 

Res¡dcnLJal 0·61 o 82 o 15 -3 71 o 89 WorJ,"tc 0·39 0·01 o 53 -9 69 

Fovd swre~ (SIC54) 

Res¡denllal o 80 15·0 o 37 -9·54 
Worh11c 0·20 14·9 o 45 -20 o 0·95 

Apparel (SIC56) 

Res1denual 0·58 0·0 o 51 -3·93 
0·96 Works1te 0·42 0·14 o 48 -4·10 
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Tahlt! 2. L lll.!ct uf ~hoppmg center area 011 denmy. 
-------

ZllllC D~.:ll'>iiY AreJ of shopping q1 +8A¡ (q1 + 8A
1
)" (8A1)" ccntcr (l;ft 2 ) 

1 ·57 o 1 ·S7 1 ·07 
~ 0·178 o 0·178 0·77 
J 0·118 o 0·1 :s 0·72 
4 O· 11 10 38 8·90 ! ·40 1·39 
5 o 171 8·3 6·90 1. 35 1·34 
ó O ~r,g 14·7 12·2 1·47 1·47 
7 o 1 ,¡J 7·0 5 85 1 ·3 ¡ 1 ·3 1 x [) ~CJ() 104 8·24 1 40 1·3<l 
l) 0·203 !S ·3 12·6 1·48 1 47 

iO o 177 2 (,4 2·32 1 14 l·lL 
11 1 0·:!117 2S '}9 20·8 1 (¡Q 1·59 
~~ o i 7' o O· '7 i 0·76 
IJ o" tx3 o o· 1 x3 077 
14 O· 170 1 8S 1 67 1·08 1·06 
1~ o lil5 26·35 21 ·S~ 1 60 1·60 
((o o 252 11·4 /·07 1 JS 1·34 
17 0·1'1 o ú 1') 0·77 
IX o 167 7·3 6·0'J 1·32 1·32 
1 'J (1 {JI( o. o o~ o 68 
2ll u 2" :20 63 16·')6 l ·54 1 53 
21 o 17ú 4 o 3 64 1 2! 1 20 
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Prefdtory Note 

This report consists of two volumes. 

Volume 1 consists of descriptions, at severa1 differeDt lewüs rJ( 

detail, of th~ work done and co,1clusions to be derived tht:>:·efyom 
and Appendi.ces eontainir:g .3Up¡,lementary matc..!rial. 

Vo]ume 2 contains documzntatlon for the Integrated Transportation and 
Land Use Package of computer programs and a worked through sample prohlem. 

As of the time of writing of this repot·t it is plannecl that these 
cmnputer programs will be avai l.abL:: through the sponsori.ng agency. 

\ 

The tables of contents =or both volt.:mes are given in each volume for the 
reader's convenience. 

Very few changes have been made in the tect of the report for this 
revision. The program documentation has. however, been substantially 
improved. 

Several papers have been publis"!l.ed which contained updated information 
about the developm~1t of this model package. These are: 

Putnam, S. H. "Preliminary Results From an Integrated Transportation 
and Land Use Models Package" Transportation Vol. 3 (1974) pp. 193-224. 

Putnam, S.H. 
11
Further Results From the Integrated Transportation and 

Land Use Models Package" Transportation Planning and Technologz 
(1976) forthcoming 
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I. lNTRODUCTION AND SUMHARY 

The problem towards which this research has been addressed cculd be considered, 

in its narrowest sense, to be the protection of ltighl-lay utility. This, hm:ever, 

is but a sub-scc.:tion of the general prob-lem of attempting to achieve a bal'-\rtce 

between land development and tt·ansportation f::tcil ities developn,ent.. Both of 

these are, in turn) subsumed ~.;rithin the yet more general staten,ent of tlw 

problen:s of the manipulat ion of thc spatial organization of the mo2.tropolis. 

A particular man.i.festation of t:hiB general problem which we have investigated, 

is the heavy usaEe and subsequent congestion which often follows clase on the 

heels of the constructlon of new u.rban or suburban hlghw.:1ys. In ourc vicw the 

process involved here is ene cf location or relocation of demand (i. e. traffic 

generating activities) withln an urban regían in anticipation of the completion 

of new cransportation facilities. Consequently, effective means of coping with 

this problem clearly needs to interfer·e with this demand location or relocation 

proccss. Detcnnination as to how this mlght best be accomplished is an extremely 

complex problem involving integrated considerations of transportatjon and 

lan¿-use interrelationshipso 

Due to t.he inherent complexity of the problem it ~vas decided to structure it's 

analysü. around a set of integrated computer models of trausportation and land 

use. Important implications of this decision were that it \vould be neccssa¡·y to: 

1) Identify evidence as to tha rclationships between transportation facility 

d eve lopment and land use, 

2) Identify evidence as to the effects of land usP controls on land use, 

3) Translate the re::;ults of l) and 2) into inputs toan integr-'lted trans·· 

portation and land use model package. 

4) Develop the modcl packag~ and te3t the various inputs. 



It \-las hoped that, having perfonned these tasks, it would be poss ible to make 

sorne tentative conclusions' regarding policy alternatives for dealing with the 

problem as discussed above. 

2 

In the course of this research effort work was done on all of the above tasks 

as well as several others. The results of these efforts are briefly summarized 

below and described in more detail in subsequent chapters of this report. 

The following general conclusions have emerged from this research 

1) There is abundant evidence reported in the literature of rather strong 

relationships between transportation facility development a.1d land 

development. There is, hm-1ever, no case wher.e clear quantitative evi­

dences of causal relationships are available. Further, there does not 

seem to be any prospect of obtaining such evidence since, in the 

strictest sense, this would require the performance of controlled exper 

ments in the real world. From a somewhat more realistic point of view, 

bcfore-and-after data for situátions of larger scope than the traditional 

highway-interchange study could be collected, and would be of considerable 

use in furthering our knowledge of these processes. 

2) The situation with regard to evidence of relationships be~ween land use 

controls and land development, i.e. the effects of land use controls on 

land development and vice versa, is even less satisfactory. While there 

is sorne evidence to the effect that such controls can serve to constrain 

or alter the land development process, it is somewhat scant. This com­

bined with the rather ad hoc nature of most land use control policies~ 

and their succeptibility to unplanned, irregular, change under political­

economic pressure, make tl~e assessment of their effects extremely 

clifficult. 'I11ere does seem, however, to be a small but steadily 

increasing social pressure on planners and legislators to improve upon 



this' situation, Hopefully· as this situation changes over time, sorne 

useful data wi 11 be collected thus allcwing a better determination of 

the effects of these poiicies. 
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3) It is a fact that, given a set of computer models based on a particular 

theory or set of theories about urban forro or s tructure, a change in the 

model inputs or a constraint on the model 's functions will produce a 

change in the modcl 's outputs ~ To the extent that the model 's theori8s 

properly reflect reality, and to which policy alternatives can be 

expressed in te1~s of input changes or functional constraints. the model 

will b~ capable of estimating the effects o~ these policics on urban 

fonn. At the present time there are no operational land use of trq.nspoT­

tation models whose internal structure is properly reflective or micro­

behavioral theories of urban forro and/or human decision making. All 

existing operational models are macro-descriptive, with varying degrees 

of detail. }íany existing or potentlal transportation and/or land use 

policy alten1atives can be expressed, rather broadly, in tenns of 

variables to which these macro-descriptive models are sensitive. Conse­

quently, it is possible to use such models for general analyses of such 

policy alternatives. The accuracy and detail of such analyses are, 

howcver, limited by the capabilities of existing models t0 a somewhat 

more general level than is in our opinion, ultimately desirable. 

t~) Prior to thE~ perforrnance of this research effort there has never been a 

successful integration of a sectorally and spatially disdg~;r:::ga.tcd urb,m 

land use n:odel with an appropriately detailed transportation networ.k 

model. The model package produced as a cubstantial portion of this 

rese~1rch cffort accomplishes this integration and includes, endogenously, 

the ncce::.sary fccuhacks from each model to the other. Bascd on cxtensi.ve 
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testing of this model system it appears that the curren~·prevalent 

practice of using transportation and land use models without these 

feedbacks, is likely to introduce significant errors into 'their results. 

On the occasion that it is necessary to perform such analyses with 

independent (unintegrated) models very careful attention must be paid to 

these errors, which will most certainly be present. 

5) Finally, and perhaps most importantly, based on somewhat more limited 

testing of policies with this model system, it appears that significant 
1 

opportunities for policy manipulation of the spatial organization of 

urban areas do exist. In particular, it appears that policies of 

integrated transportation planning (not limited only to new construction) 

and land use planning (especially in the form of land use controls) could 

result in a "balance" between transportation development and land· 

d eve lopment. 
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II. LITER.!\TURE REVIE'HS 

Int rod uc t ion 

P.s a part of this project, two separate literature reviews wcre uudertaken in 

an nttempt to find reported evidence of the relationships between: a) transpcr­

tation facilities development and land developrnent, and b) land use control poli­

cíes and ~;ubsequent land use. Whilc much material was gathered and revielved, 

the genera.l conclus1ion for both of these efforts is that there is very little 

quantit.:1tively described evidence of these rclationships to be found. There a.re, 

hotvever, numerous qualitatively descriptive articles which leave little questiun 

as to the ;~xistencc of these relationships, but considerable uncertainty as to 

their precise dimensions. 

It was anticipated that the readers of this report would be relatively familiar 

with the concepts underlying the transportation facilities - land development 

1 iterature. Consequently this literature is described rather briefly, \vith a 

selected bibliography being given in Appendix A-1. In contradistinctlon, it was 

anticipated that the readers of this report would be less familiar with the 

general literaturb on land use controls. Consequently a much more comprehensive 

review anJ discuss ion of the general literature on land-guidance techniques was 

prepared and is presented in Appendix A-1. Overviet-JS of hoth these tapies, .and 

a ~is~ussion of the particular relevance of land use controls to transportation 

facilities, are given in the ren~inder of this chapter. 

Impact of Transportation Development on Land Development 

There is a very substantial liÍ:erature concerning the impacts of transportation 

development on land development~ 

As an introduction to this literature, if neces.sary, the reader is refcrred to 

references (LS) and (26). at the end of t!ds chapter, for annotated lists of studies" 
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It should '· howevcr, be noted that many of these studies are repetitious and 

uninformat ive, havfng been done, in many cases, to meet the funding requirernent~ 

rather than as a scientific investigation. These studies, in gen~ral fall into 

five e las ses. 

The first type of study is the traditional analysis of the effects or the 

anticipated effects of the construction of a highway bypass. The situation is 

usually one in which an older road ran through the center of a town or its 

business district. As the town grew, this older road becarne more congested and 

eventually dernands for the constr.uction of a bypass appeared. The bypass, quite 

naturally would have been routed around the town or business district, and the 

consequent question would be as to its impacts. Most of these studies focus on 

the effccts of the bypass on local retaíl trade, and produce rather uniform con­

clusions. In general there was little or no immediate change in retail trade. 

Sometirnes there was a slight decrease in the short run followed by a gradual 

recovery, and sometirnes there was a slight increase. These studies are almost 

ritualistic in nature and are not of any particular interest to this project.
1 

The second type of study involves evaluations of irnpacts in a narrow corridor 

bordering new roadway construction, usually within urban areas. 2 These studies 

generally involve the comparison of land use and land value befare and after the 

construction of the raodway. In general, land values becorne greater and land 

use tended to become more commercial along the roadway. These results are not 

surprising as the ugly evidence of thern can easily be seen in the interminable 

miles of sprawling strip commercial developrnent which surround virtually every 

village, town, and city in the country. This is an obvious exarnple of where 

1 See (12) for mo~e critique of these studies. 

2 Hany of these are referenced in (25) and (26). 
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operative land use controls shoul~ be applied In conjunction with transportation 

facility development. 

the third class of study involves the problems of development around nc\l higlnn1y 

interchanges. 3 Hany of these studies are likc the local corridor studies 

describcd above. They involve the comparis:m of land use and land va.lue t.efore 

an.d after the construction of the interchange. The studies note the ir.crease in 

the intenslcy of Jand development attendent upon the development of the interchangc. 

This land development can be of almost any type, resülential, commercial> or 

industrial depending on a variety of factors usually not analyzed in the studies. 

The studies often mention the subseguent congestion of feeder roads givin~ access 

te th~ intarc~ange. Again, the evidence of these effects is all ·too obvious to 

anyone tlho'has done even a lunited amount of hiehway travel. Here too, coordi·· 

nation of land use controls tlith transportation facility development might have 

been ah le to reduce these blots on the land:o;capc. 

The fourth type of study encountered is of substantially more interest to thís 

projl·ct, nnd rcprcsents a much expar.deJ scope of analysis compared to the ahove. 

These studies attempt to analyze the relationship of the development of areas 

or regions lo the construction of major highway facilities. These studies sho\\1 a 

correlation bP.t\o.•een highway construction and regional developrnent. Very few such 

studies attempt to analyze the cau.sal links which may exist between these, though 

the 1 iterature on urban and regional s imulation modelling (not specifically 

reviewed here) presupposes the existen ce of such links. One study in thlG group 

points out tl1at often highway construction at the regional scalc is undertaken ' 

to meet projcctions of current travel dem:md trends but do not consicler the im­

pact of such construction on that deyr,and.
4 

This is the problcm to llhich tlds 

J M.:lny of thc:;0 ¡] rt! re ferenced in (LS) anJ (26) 

l¡ See (22). 
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projcct is particularly addressed. Another study showed that on a nationwide 

bas is h ighway construction d id not appear to effect manufacturing growth, but 

that on specific areas, especially urban areas or formerly inaccess ible areas, 

5 the effect was often pronounced. This finding is in agreement with our own 

hypothesis that over the long run any particular improvement in transportation 

technology be comes ubiqutous,- but during the spread of th is technology advantages 

may accrue to those areas that get it first. Other studies of this type simply 

describe the regional impacts of highway construction. 6 It should be noted that 

it is at this level of analysis that the methods to be described later in this 

report are most relevant. 

, Finally, a fifth and smaller group of studies considers the relationships bet"t-7een 

land use development and highway deve~opment, and the appropriateness of coord i-

natcd planning of both. One such article is a rather general discussion of the 

7 
mdtter. Two other articles discuss more specific matters, but nevertheless 

imply-the nccessity of this planning integration.8 All in all this notion of 

comprehensiveness is conspicuous by its absence from the literature and thus 

clearly points up the need for th~ type of research done on this project. 

This has been, as previously mentioned, an admittedly brief review of a large 

body of ljterature. Unfortunately there is very little in that literature which 

is of dircct relevance to the work undertaken on this project. Further, it has 

bcen assumed that the readers of this report will be generally familiar with this 

litcrature and that an extensive review would therefore not have been a productive 

5 Sce (27). 

6 See (3) and (18). 

7 Sec (21). 

8 Sée (2) and (8). 



use of the project resources. The next portions of this chapter are rati1er 

more detailed since, as mentioned above, it is assumed that the rearie.cs of trds 

report wiU be somm.ffiat less familiar with the literatun: reviewed therei.n. 

Land Use Control_and Transportatio!l_..facilities 

Pr"l.marily ::: i.ncc the 1950's, a rathcr exten&ive literature has acctJmulR.ted on thc 

relationships l::.etHccn land-usc cuntro:ls and transportation facilities. Tilis 
\ 

discu~~s'i.on hill brlcfly intrcduce the mujor irleas presented in thi,_ literature, 

refer to other source8 for more detailed coverage, .and provide a short bibli-
' e 

ography that m~y be used' to initiate further research. For mo-re ext·ens ive 

bibliographic listings, the following sources frorn this chapter's rei:erence:s can 

be consulted. 

a'. (17) A useful and recent general bibliographic source on this St•bjed. 

b. (15) Appendix A: pp. 35-41 and (4), pp. 108·ll5 provide quite extcn-

sive listings. The latter is essentially a more recent and complete 

listing although the fonner does contain sorne sources absent in the 

other. 

c. (28) Appendix A: p. 155-172. A very recent and fairly complete listing. 

d. (24) pp. 250, 264. A listing of worl:;s dealing with ~he developrncnt 

impact of highway ¡"Í·nterchanges. Prominent stucl ies in the arca of 

developmcnt irnpact are included. 

Even a cursory examination of the literature on transportation planning reveals 

the need for a better understandüg of the interrelationship bet-we0n trnnspcr·t.:1-

tion facilities and land-use controls. Transportation facilities are very 

expensive and hopefully long-term public investments, yet all too often they have 

be come premature ly i nadequate be cause of a failure to appreciate the re lat ion-

ship \vhich exists bctween lanJ us~ and transportation facll.i~ies and to plar: 

accordingly and institute the necessary design and land use coutrols. This 
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problem involves not only the safety of public transportation investments, but 

the Helfare of land owners in areas abutting _transportation facilities and of 

9 
the travelling public in general. 

These interrelationships are mutual, land-use and thus land-use controls affect 

transportation service and transportation service influences land use. Various 

l§lnd use characteristics have very marked effects on transportation faci-lities 

in the arca. These include: type of development, intensity, location, design 

and location of access to the use, and site design. These and other factors 

he lp to determine the n,ature of the traffic generated in the area, wh ich is a 

principal determinant of the adequacy of the surrounding transportation facili­

ties. 10 Transportation facilities, especially highHays, in turn have a sub-

stantial impact on surrounding development and 1and use. Many studies have 

11 dealt with impact of freeway interchanges on surrounding 1and uses. 

This mutual interdependence has often resulted in a transportation-land use cyc1e, 

forming the bas is of the problem under investigation he re •
12 

Overtaxed facili-

ties (or non-existant facilities) prompt the construction of new and improve? 

transportation facilities. This leads to better access, which prompts more 

intensivc use of surrounding land. This more intensive use, which has all too 

frequcntly been unexpected or inadequately controlled in the past, generates 

more traffic. Often, this added traffic causes the premature obsolescense of the 

new facility. Consequently, the success of the facility in creating new access 

has often prompted its own obsolescense. 

9 (14) and (16) are two works dealing with this prob1em as related to highways. 

10 Sec (16), pp. 7-10 for a more trorough discussion of this point. 

11 See (24), for example, for a d iscussion of this impact, and for summaries of 
some recent study results. 

12 Sce,(16), pp. 1, 8 and (6), p. 541 for further discussion of this vicious 
cycle. 
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In the literature deaJ ing with thl;q problem. automohile faci 1íties are almost 

exclus ively the object of concern. 1'here is little written Otl th is problem as 

relating to mass transportation or other: non-automob:i.Je types cr tro.r.s\~urtaticp 

f' ·¡· i 13 h f 1 acl :tt es. Within t e area o automotive fac:l. ities, conc·e':"n 'is often 

fncused on the free\Yay interchange areav 1'his concentratior. i~ w·arrante·! in 

that interchanges are often the key to hi ghway perfonnance aud large traffi.._ 

generators tend to establish themse)ves near interchanges.
14 

In attempting to solve the probler:1 and provtde for an improverl syst~m cf t.rans-

portation facilities and land use, three goals ar.e often forwaded: 

l. To achieve a 11balance" between the leveL of transpo:rtation &ervi~e 

providcd and the land-uses it sel:VeS ('Ii1is. goal is explicitly SGlt.ed in 

the project proposal.) 

2. To se cure an "optimum" level of access control. 

3. To reserve a sufficient amount of right-of-way for futt.tre tran:>portation 

15 
needse 

The ~roblem of balanced transportation facility prote~tion could be approached 

by attempt ing to control land use at a detailed, very localized, leve L In the 

inunedi.:1te nrea surroundíng the facility in question, an attcmpt could be made to 

specify the type, intensity. and location of land use, detai.ls on access to tLe 

fclcility from the land use, p<nking requirements, as well as spec.ifications of 

highway designe Such an approach may be tenncd thE' "micro" approach. 

It is also possible to attempt to control majoz~raffic. generators and _overall traffic 

generation from a largcr aren by controlling the tYPe, intensíty, aud locatton --··-
13 Sec (11) for a bibliography dealing with Mass Trans it Planning. 

14 See (6), p. 542e 

15 See (23), p. 49. 
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of land uses. The pr~e motive is the control of traffic levels and traffic 

load characteri~?tics for such areas, so as to be compatible with the characteristics 

of the transportation systern in the area. This rnay be terrned the 11rnacro" 

approach. 

In this,study, the concern has focussed primarily on the ''macro" approach. The 

use of the IPLUM 1model lirnited our experimentat ion and analysis to the effects 

of varying policies with respect to macro land-use controls. Detailed controls 

dealing with individual properties, access requirernents, and highway design 

fcatures cannot be easily incorporated in the current rnodel systern. However, 

some of the literature in the field asserts that the micro approach can have, and 

has had substantial impact in dcaling with the problern of facility obsolescence, 

at least in the case of highways. 11The preservation of transport utility seerns 

to líe on1y partial1y in the control of developrnent and more in physica1 design 

.. 16 \1 1 contro1s. Frequent y, the prob1ern is not so rnuch the nurnber of vehic1es 

entering as the nwnber of points of entry and their des ign. "
17 

It is furt;her 

suggested that whi1e overa11 traffic generation is irnportant, there are se~era1 

indications that macro 1eve1 contro1s, alone, rnay not be sufficient1y effective. 

Sorne stud ics have found that the irnpact of major traffic generators d rops off 

precipitous1y past the first access point, thus suggesting the re1ative impor-

18 
tance of micro as opposed to macro controls. Furthermore, it is pointed out 

that within "rnacro 11 areas, the type and intensity of land use has 1ittle effect 

on overa11 traffic generation since the variations which do occur tend to average 
-

19 
out ove r areas above a "micro" scale. 

16 (15)' p. 2. 

1 7 Ib id • , p • 3 • 

18 Ibid., p. 4. 

19 See (16), pp. 4, 39-40, 42 and (15), p. 4. 
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It should be noted that thcse corranents were made with respect to h ighi.,rays and 

hlghway interchanges in particular. Hhen the entire transportation system is 

considered, they are not likely to hold true. Furthermore, in many cases a nct-

work will be found to be entirely overloaded by lntense development and micro 

level control tvill no longer suffice. A macro approach to development !evels is, 

in these cases, much more likely to be useful. 

The Va[ious Control Approaches Available 

h1 general, the micro approach consists of control over geometric des ign of the 

facility, access to thé facility, and detailed or localized land-use coatrols 

such as those regulating parking Etnd setback. The macro approach generally con-

sists of less detailed and less access-point oriented land-use and development 

controls. 

Among the non-engineering techniques used or proposed for the establishment 

of a desirable balance between land use and transportation service, the following 

grouping (mostly on a legal basi~) can be discerned: 

1) , Eminent _domain techniques 

2) Police power techniques, 

3) Use of the law of nuisance 

4) Contractual agreements. These can take place between the ·dcvcloper and 

subsequent owners or between a public agency and a land owner. 

5) Licensing procedures 

6) Taxation policy 

7) The planning process . 
Both bGt~ecn ~nd within these groupings, there is considerable variation in ~he 

effectivcness of the techniques in achieving the desired transportation-land use 

goals and in the actual use of these techniques. At prcsent. it appea rs that 

thes e tcdmiques are not often used 'effect ively, nor for that matter, i!> thc re 
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any clear quantitative evidence as to what their ultimate effectiveness might be. 

In evaluating various techniques such infonnation as to the consistency and 

strength of ~1pact is of course a crucial factor. However, also important are the 

various feasibility considerations: 

a) 

b) 

e) 

d) 

complexity and difficulty of administration 

relative cost to government 

traditional cultural acceptance 

20 
legal acccptance 

-Finally, care must be taken to be economically realistic in the exercise of 

controls. The feasibility and ultimate result of alternative types of control 

d d h ·¡ . t. k t d "t. 21 epen eav1 y upon ex1s 1ng mar e con 1 1ons. 

The 'influence of land use on transportation facilities is largely determined by 

the traffic generating characteristics associated with various land uses. As a 

first step in establishing this association, it has been suggested that the 

traditional classification of land uses into residential, commercial, industrial, 

etc. be replaced by a more detailed c1assification system in which the most 

detailed categories are constructed to ref1ect uniform traffic generating 

22 
characteristics. Among the important traffic-generating characteristics of 

1and uses are: 
( 

a) traffic generated per unit of 1and area or floor area 
\ 

b) the intensity and temporal distribution of traffic peaks 

e) directiona1 orientation of traffic movement 

d) composition of traffic.
23 

20 (10), p. 70. 

21 See (15), pp. 14-1S.and (16), p. 100, and see (14), p. 18 for atable which 
lists various interchange problem solutions and evaluations of their cost, 
cffectivcness, etc. 

22 Scc (16), pp. 30-37 for detai1s. 

23 See (16), p. 9. 
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Studies have been conducted to determine the relat~on~hips of the values of these 

characteristics to various types and intensities of land use. 24 Despite growing 

sophistication in these studies, an acceptible leve! of uniformity and accuracy 

in detennining the traific ,generating characteristics of various activitles hus 

not yet been achieved.
25 

Such information is clearly desirable as it would per-

mit more effective planning of trdnsportation and land-use systems in general, 

and would pennit~ in particular, the exploitation of variations of traffic 

generat:ing characteristj.cs among different land uses so as tu achieve, through the 

p:roper rnbdng of land uses, more efficient combinations of transportation 

f . 1' t. d d t. t. . . Z6 ac1 1 1es an pro uc 1ve ac lVltles. 

The other half of the transportation-land use relationship is the impact of 

transportation facilities on surrounding land use. On this relationship, as 

ment ioned a hove, almos t all of the literature concerns i.tself wi th the impact of 

27 
highway interchanges on surround ing development. Naturally, sin ce the 

interrelationship between transportation and land use is mutual and cyclical and 

not simply two independent relations, improved knowledge of both transportation 

impact on land use and land use control impact on transportation is necessary 

for successful solution of the problem and attai.nment of a desirable balance 

between land use and transportation servicc. 

The Ha jor Techniques Utilized and ~.E_oposed 

The techniquc of gcomctric design control of high\-1ays is perhaps the most hjghly 

perfected, reliable, and widely discussed technique for dealing \ollth the problem 

24 For example, see (16), pp. 32-35 and (14), pp. 5-6. 

25 See (16), p. 31. 

26 See (16), p. 4L• for a discussion of the potent.lal of use mixing to achicvc 
"balnnced" USL!S \oJith rcspcct to surrounding transportati.on capacity. 

27 Sce (24) and (16), pp. 8-9 for discussion of the future of this impact and 
thc factors jnvolved. 
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of higll\·!.:ly dysfunction~ Although this study does not directly deal with such 

teclmiqucs, they are important for any successful, comprehensive, solution.28 

' 
Although the tcchniques employed in access control and land-use control do overlap, 

i t is he lp ful to conceptually distinguish the techniques used to regula te the means 

of access to a transportation facility (used primarily for roads and highways) 

from those techniques used to regulate various aspects of land use. The reasons 

29 for regulating access are \-lell known and not too d ifficult to understand. The 

purpose of regulating land use, in this context, is of course based on the traffic 

30 
generating potential and characteristics of land uses. 

' 

Despite its various deficiencies, zoning can be used very effectively in this 

31 regard. A well established control, zoning can be used with relatively little 

cost to wisely locate various traffic generators and control development according 

to combined transportation and land use plans. Zoning as it is now practiced 

must be improved, and even after improvement, zoning alone will not be sufficient, 

but it can nevertheless be an effective component of a comprehensive control 

system. Subdivision control is another widely used technique for controlling 

land use and development vis-a'-vis transportation facilities. It is most often 

used in this capacity to regulate new residential developrnent so as to 

provide access to adjacent roads with as little adverse affect' upon the function 

of the road as possible. Other police power techniques used with varying degrees 

28 For detailed discussion of highway design standards and techniques, see (8) 
pp. 6-12 and (16), chapters 8, 9 and 83. 

29 The definitive work on the control of access to highways is (19). Also see 
(15), pp. 22-24 and (16), pp. 45-50. 

30 knong the rnany works discussing the use of land-use controls in regard to 
higlnvay protection are: (lO), pp. 70-81; (23), pp. 39-49; and (14), pp. 12-15. 

31 See (5) and (28), p. 153, and Appendix A-2 for further discussion of these 
and the follm1ing points. 
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of succesa to protect nearby transporta e ion faciliti~:::s are setback regulat ions, 

the official map, oif-street parking regulations, and P.U.iL regulation, all of 

which are discussed in greater detail in Appendix A-l. 

A concept that has been discussed extensively in the liteL"ature is th¡¡~- o:!: thr: 

interchange zone or interchange an::a zoning or other controls sveci fical ly 

32 
adapted f':Jr and impos:::d in such areas. Proposals vary both in details and in 

the level of goverrunent in charge, but all involve the designation of a 3pecial 

zone or area surroundinz a irecway interchange and the imposition of special 

controls in a comprehensive fashion on land and access in the a-rea Lo prutecl 

the interchange. It should be noted that the needs of the cnrmnuni.ty for acc2ss 

must be balanced against the need of through traffic for a frcc-flo,.Jir.g Jnter-

change arca. 

Another majar set of techniques fall under the heading of the power of emlncnt 

domain. Except for acquisition of access rights and the actual right~of-way, 

little use has been made of this power to protect transportation facilities, 

Techniques which have been proposed, or for which mo.ce extensive use in thi.s 

connection lias been reconmended, include excess condemnation, acquis lt ion o f 

development :rights, and temporary acquisit:íon foll'owed by resa)e or lense-back 

33 
under conditions compatible with a canprehensive transportation ai~ land use plan, 

l'he use of theo last technique listed above shows great potential for Jeallng with 

the problcm of balancing land use and trans portat ion service, and is d iscusseJ 

further in Appendix A-1. 

In deal ing with the transportation problem, present land-usc controls havc 

severa! drawbacks. Th<> most widely u!>ed techniques, su eh as zoning and subd ivis ivn 

32 See (19), Chaptcr 11; (15) pp. 32-33; (28), pp. 96-98; and (16), p. 9?. 

33 See (10), pp. 73-75, 81-82 for a discussion of this technjqu~ 1 its aJv~ptagc~ 
and qucstions of feasibility. ,. 

\1 
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control, have difficulty in controlling new developrnent around interchanges just 

as they do for developrnent on the suburban fringe. Many land use controls, zon-

ing the prime exarnple, are unstable in their protective power when used to 

safeguard a long term investment. 34 Because of previous development and con-

struction, vested interests, and legal complications, the success of land-use 

controls in achieving a desirable land use-transportation balance in developed 

areas is far less' likely than when we have the opportunity of applying our 

prcsent knowlcdge, planning, and control techniques toas yet undeveloped areas. 

However, there is great promise for upgrad ing present techniques such as zoning 

and utilizing more fully and effectively sorne of the eminent domain techniques 

d iscusscd above. TI1e key to success in this area is improved coord ination and 

planning. Coord ination of available techniques into a single comprehensive 

control proceedure is essential if the weaknesses of individual techniques are 

35 
to be eliminated and controls prevented from working at cross purposes. 

On anotltcr level, there is need to coord inate, to an extent not previously 

practiccd, transportation and land-use planning, balancing desired activity 

against available transportation service and the needs of the community against 

those of through traffic, in both economic and social terms. llopefully, the 

results of this project will be use.ful in indicating the need for this delicate 

' 
balancing pro(:css- and the coordinated mix of techniques that may prove e ffect ivc. 

34 See (15), Chapter 4 and (16), p. 3 for further discussion of this point. 

35 See (23), p. 49 ff. 
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III. METHOD OF ANALYSIS: OVERVIE:tl 

Introduction and Restatement of the Problem 

It is con~rnon knowledge that in recent decades there has been enon-r.ous publ ic 

investment in highway construction. This same period has al$ú witnesscd large 

scale shifts in population from rural areas to urban areas and, within the urban 

areas, from center-city to suburb. {.Jhile it has not been pass ible to develop 

complete' explicit quantitative definitions of the causal relationships between 

these developments, it is clear that these relationships exist. 

A related phenomenon is the focus of the research effort described herein. This 

phenomenon_is observed, not infrequently, whcn the construction of a new section 

of roadway is followed, all too soon, by very heavy usage and subsequent conges-

tion. Specifically, the nature of this process seems to be that; a) dueto the 

perceived inadequacy of existing facilities a decision is taken in a metropoli-

tan area to improve transport facilities (usually by road building) for a particu-

lar part of the area. Then; b) asslmling that the decision is approved, in 

anticipation of the new roadway, land developers and/or speculators bec~ne involvcd 

~ 
with properties near the proposed route. As construction of the facility begins, 

some homcowners and businesses may consider and even act upon location or reloca-

tion decisions. (We do not refer here to involuntary relocation forced by the 

facility construction). Upon completion of the facility, additional such location 

decisions are made. Finally; e) in a relatively short time after completion of 

the facility, the demand for its use greatly exceeds the demand or the forecasts of 

demand which existed or were made prior to the decision to construct it. Canse-

quently the des ign capacities are soon reached and often exceeded, resulting in 

congestion and premature obsolescence of the facility. While this is :1 rather 

gem' ral des cription of a very complex process, it is reasonably acctlt·ate. The 

principal question addressed by this research is whether it is feasible, via 
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integrated transportation planning and land-use planning, to avoid or ameliorate 

the occurance of this particular phenomenon in the future. Further, it is the 

intention of the research described herein to analyze this process and to deter­

mine whether a) balanced development of transportation facilities and lan~ use is 

feasible and b) if it is feasible what means are available to accomplish it or to 

at least make it more likely to take place. 

There is considerable evidence ind icat.ing that the demand for h ighway travel is 

rather sensitive to changes in highway capacity. This sensitivity, as described 

above, frequently results in heavy utilization and congestion of new facilities 

soon after their construction. It might be argued that the solution to this 

problem in the future, as in the past, is to construct more facilities. It is 

possible that if this policy were followed, at sorne point, an equilibrium situa­

tion would indeed be rcached. This conclusion can be supported by the assertion 

that the elasticity of demand for highway travel is finite. If, however, the 

"population" generating that demand is continually increasing at the same time, 

it is not clear that the total demand can continue to be satisfied in this manner. 

The 1 imit of th is strategy, at the extreme, is when so much land is convert~d to 

use for transportation facilities that land development for other purposes is 

restricted, with a consequent limit on trip generation and road use. It is 

obvious that this "equilibrium" is not the desired solution and is hopefully not 

feasible in any case. It is therefore clearly necessary to analyze possible 

"intermediate" solutions. 

Should these analyses, based on the asswned interrelationships betHeen transpor­

tation and land use, yield potentially feasible solutions, it will be necessary 

to subject them to further evaluation. This evaluation, leading to a definition 

of feasibility, would undoubtedly involve measures of prívate and social costs, 

and measures of the disparities between tl)em. Such ..costs would include user's 
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costs (e.g. taxes or tolls), pollution (of all types), costs of relocation of 

activity, societal costs of activity dispersion, and ccsts of disruptions caused 

by the constructíon process; all of which are associated wíth the variow::: J.evels 

of transportation facility development. Further costs, assocíated wich land 

development i.nclude environ:nental pollution, loss of open space,. and congestion 

of various public facilities (which results either in deterioration of scrvice 
' 

1 
levels or costs of expansion), in addition to the congestion of the transport 

iacilities, as described above. Also necessary would be consideration of the 

political feasibility of such suggested policics as might emerge from the analyses. 

None of this evaluation was undertaken in this proje::ct, its principal purpose be-

ing to develop a method of analysis and to use this method for sorne prelirninary 

tests of possible policies. 

A balance between transportation facility development and land development 

imp U es a rnarket equil ibrium of the demand for use of the transportat ion faci lit y 

and its supply, i.e. its cost, speed, and capacity characteristics. TI1erc are two 

basic alternatives abailable to the planner who wishes to modify an existing 

transportation and land use situation sufficiently to achievc such a balance; thoug!1 

it is likely that the best strategies will be mixtures of the two altematives. 

The first alternative is to allow demand for transportat ion to fluctuate freely, 

with no interference, and attempt to cope with it. This would be acccmplished, as 

in the past, by ncw highway construction or (hopefully wíth rno¡-e success than has 

been achieved previously) by implernentation of mass transportation systcms. 

The second alternative is to attempt to restrict the demand for tran.";¡?~ation so 

that facilities do not become overloaded. Thís could be accomplished in three 

ways: 1) existing transportation facilities could be made more costly to use e.g. 

by the irnposítion of tolls or by allowing congestion to devclop thus imposing a 

time pe11alty on users: 2) iand development controls could be irnposed, thus reducins 
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(or slowing the growth of) trip generating activities, and 3) a mixture of these 

two actions could be implemented. Finally, a mixture of the two basic alterna-

tives could be attempted, where an attempt would be made to cope with a certain 

amount of transportation demand (by improving transportation facilities) at the 

samc time that an attempt was being made to control its increase. 

The RFP Hhich ultimately resulted in the research described here suggested that: 

"the folloHing issues have been of concern to transportation planning agencies: 

l. In urban areas, it is necessary to achieve a balance between the need 
for mobility and the preservation of environrnental quality and social 
stability. How can this process be incorporated into the transporta­
tion/land use planning program beginning with plan development? 

2. To what extent can transportation system planning and facility capacity 
planning be used to influence land development? Wh.at are the available 
controls for accomplishing this, and how can they be applied effectively? 

3. Providing too high.a level of service of the.auto-highway system in 
urban arcas might result in travel demand exceeding the supply which can 
feasibly be provided. \~at should determine the mínimum or maximum 
levcl of service (speed) which should be used as a criterion for plan­
ning transportation facilities in specific parts of the urban area? 

4. \n1at would be the consequence of controlling transportation facility 
capacitics as a means of directing land use development even though 
such controls could mean congestion with more pollution and higher 
travel costs? 

This study should determine the feasibility of the balanced development of land 
use and transportation facilities. It should also determine whether or not land 
development and travel can be brought into a satisfactory balance such that any 
transportation improvements made can provide a continuing high level of service 
ovcr tlme."l 

To SWJ@arize, the essence of the problem being addressed by this research is that 

of controlling (i.e. altering, directing, and modifying) the spatial organiza~io~ 

of the metropoli:>. In particular the concern is with its spatial expansion and 

with the feasibility of balanced development of its land use and its transportation 

1 See (9). 
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facilities. Finally, should it appear that such balanced development is feasible, 

what methods are available for testing the 'means (policies) which may be relevant 

to a eh iev ing tha t balance. 

!'fethod o f Approach 

Two aspects of the problem were· the principal determinants of the mr·thod of 

approach. The 1first ü:; the inherent complexity of comprehens lve a na lyse's of l>oth 

transportation and land use. The second is the requirerr~nt fcr a self·consistent 

procedure for testing the senElítivity and response of tran~portation and L1nd use 

to policies for their manipulation. TI1e o.-tly analysis methcxl Hhich stands any ch&nce 

of meeting these requirements ls that of computer simulation modelling, Thc 

remaimler of this ch~t.Er is devoted to describing the package of models which has 

been developed and tested as the central focus of this research .-

The state-of-the-art in simulation modelling of urban and regional phenomcna 

poses a problem for projects of this sort. In general, those models \.Jhich have 

had operational scccess are, at present, rather too highly aggregayed both in 

areal and sectoral detail as well as in concept.
2 

On the other hand, those 

models \·Jh ich are more conceptually complete and wh ich could provide h igh ly de­

tailed forecasts, are not yet operationa1.
3 

After some consideration of the 

project goals, it was decided to begin wlth an existing operational lanJ llSe 

modcl anJ attempt to mod ify and ünprove it concurrently with efforts to integra te 

it ,.;ith a suitable transportation network model. 

The project requirements suggested, forro the outset, that an appropriate model 

package \o/Ould need to be far more complete (and therefore complex) than any r..ow 

extant. ~.Jhat is ultimately required is a complete i.e. population and ernploywent 

2 See (2) and (S) for reierences to the PLUN and EMPIRIC models as exat:1ples. 

3 See (4). 



26 

sectors, land use model and a complete i.e. pub'lic and prívate, transportation 

network model. Further, the overall system of models would need to be highly 

integrated with respect to model inputs, outputs, and feedback loops. In Figure 1 

a block diagram of the desired system is presented. 

Following through Figure 1, first come the various base-year inputs as to the 

existing spatial qistributions of activity, along with data on the characteristics 

of the unloaded base year transportation network. These data would then be used 

to generate a preliminary, and probably inflated, estímate of trips taking place in 

the metropolitan area. Given this prelirninary estímate of metropolitan trips, 

it becornes possible to load the future (projection year) network so that its 

travel characteristics (i.e. time and cost) reflect the traffic voltunes which would 

be on the network if there were no change in the distribution of activities 

frorn the base year. These network characteristics, along with the base year data 

and the projection year control totals would then be used to generate a spatial 

distribution of activities for the projection year. Frorn this spatial distribu­

tion a new estímate of rnetropolitan trips would be produced •. These would, in turn, 

be loaded on the projection year transportation network. The modified characteris­

tics of the transportation networks would then be used to reallocate the projection 

year spatial distribution of activities. This distribution of activities is then 

compared to the first estímate thereof. If there are no significant differences 

an equilibriurn has been reached and the model run is ended. If there are 

significant diíferences, new trips are generated and loaded on the networks and 

further iterations are made. 

This proposed package of rnodels atternpts to eliminate the principal failing of 

contemporary land-use or transportation studies, by explicitly including feedback 

loops. Typically, a transportation study assumes a future land use pattern as 

given, and designs a transportation system to cope with it. This 'procedure ignores 
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the redistributive effects which are produced by the construction of the system. 

Transportation.systerns obviously do not just suddenly appear, but are constructed 

in stages with consequent redistribution of activities all during the period of 

construction. The typical land use study accepts a transportation system as 

given, and then estimates the consequent distribution of activities while ignoring 

the congestive effects of that distribution on the network. The proposed model 

package, as described ~bo·v_e, attempts to capture the interrelatedness of the 

transportation system and the distribution of activities. This comprehensiveness 

is clearly necessary to meet the research objectives of the project regarding the 

feasibility of obtaining a balance between transportation facilities and· patterns 

of land use, as well as the testing of policies to achieve such a balance. 

The Operational Nodel Package 

It is very often the case in complex simulation studies that the operational 

version of the model system is somewhat less comprehensive than the system 

originally proposed. While sorne simplifications have had to be accepted in this 

study, the principal goal of an integrated transportation model and land use 

model has been attained. The remainder of this chapter discusses the general 

development and testing of the model package, while severa! detailed descriptions 

of particular methodolo3ical problerns are discussed in the next chapter. 

The land use moJel selected, despite its several shortcomings, for the operational 
/ 

model package was the Projective Land Use Model (PLUM). The PLUM model (there 

are severa! versions of this model, two of which are used, with modifications, 

in this model package) is a derivative of the LOWRY model. This means that the 

rnodel accepts as given the spatial distribution of "basic" employment and then 

solves for the interrelated spatial distributions of population and "non-basic" 

or "local-serving" el!lployment. The principie detenninants of these spatial 

distributions are access to workplaces for population and access to customers for 
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non-basic employment. The access measures are non-linear functions of travel-

times weighted by attract iveness meas u res of the "trip des tinafions':. 

There are severa! important implications of the decision to use a forro of this 

modelo First, regional levels of activity are exogenously determined. This is 

not a particularly unusual situation, as virtually all urban land use models have 

this property. Second, the s~election of this model implies that "basic" 

employment location will be forecast exogenously. In fact, these forecasts do come 

4 from a separate modelo An important implicit assumption of this procedure is 

that the spatial distributions of these exogenously forecasted activities are 

independent of the remainder of the activities in the model package, i.e. popu-

lation, "non-basic" employment, and transportation networks. This assumption is 

clearly not valid over any substantial projection period and is an aspect of the 

model package which should be improved as possible. One way of doing this would 

be to integrate the modelling of all employmebt location, link this to the 

residential model and link this overall model to the network model. A further 

implication of this choice of model is that the level of sectoral aggregation in 

the PLUM model is rather more gross than is desirable, though it is tolerable in 

this preliminary development of the package. Finally, the actual allocation 

functit·ns used itt the various PLUM models have never been subjected to thorough 

statist~cal examination, and our early experiences with model rUns indicated that 

there was too heavy a reliance on sornewhat arbitrary "correction-factors". 

Consequently, a thorough investigation of the model algorithms was made. Certain 

anomalies were found in the procedures used for activity allocation, which have 

since been modified. 5 These modifications appear to have substantially improved 

4 These projections were from the BEMOD model, see (7), and are the same as those 
used by the Bay Area Transportation Study Commission (BATSC). 

5 This is discussed in detail in the next chapter of this report. 
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the model's allocations, though attempts to evaluatc these impr.:>vE::me·-¡tr. havc ~•o':: 

yet been complcted. 

On the positivc side, reports on the PLUM model did h1dicate thut J t secmc~ !:rJ 

produce reasonable estimates of the general distribution of aci.:ivitics in ,9. 

largc urban region. Of course. as is the case w~th all other urb:,.n land u:: e 

n~dels, its reliability for specific sn~ll area torecasts ls considerably less 
' 

than that for general regional pattcrns~ The model is cnrrent:ly being wcrk~~d 00 

and refined by its originators and can be expected to show continued jmprovement 

ove:c time due to both their efforts and those of this project. Fínally, .&.:-~d ·1oc 

an unimportant part of the decision, was the fact ·that the PLUM model r.1as 

available and operatlonal at Planning Sciences Simulation Laboratory of the 

University of Pcnnsylvania 's Departrnent of City and Regional Planning prior to 

the initiation of the research. 

111e transportation 111odel package selected for use in this project was developed 

by the Planning Scicnces Group at the University of Pennsylvania. TI1~s pcickage 

contains programs for network coding, tree tracing, and several alternativf: 

6 
capacitated traffic assignment procedures. The only defíci.ency uf til.is nct\Wrk 

package as compared to others \-lhich were available is a lack of ability to handle 
-. 
1 

highly detailed network specifications suL:h as turn penalities, etc. Thi.s 

deficiency was not relevant to the current work, in that therc was no intention 

to conduct any investigations at that level of detail. On the otber band, the 

computer operation of the Planning Sciences network package is si.gnificaTltly mo.re 

efficicnt than that of t 11e FHWA package ( formerly knovm as thc BPR package). 

6 See Volllme. 2 of .th is .,:e por t: • 

7 See (8) for a description of the ''FHHA l'ackage':. 
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The principal connection going from the PLUN and IPLUH models te the Netwad< mndcl 

is via trip generation. The main phenomenon which relates the spati.al dis!:ri.bu-

tion of activities to the transportation facilities i.s specifit!d -!.n tenr.s r,j th0 

trips between activities, which make use of the t.cansportat:ion system. It 

should be noted that in many transportation stud ies where land use pro jectic.'n rnod e:] s 

are being utilized, the work-trips are generated by separate procedures. 'frese 

tríp matrices, 'because they are calculated independently of the land use u1ot-cl, 

ru8.y not be consistent with the work-trips implicit in thE! land-use modeJ 's 

p/;i,tterns of residence and workpla.ce. Thís problem is eliminated by the proC'edurc 

dcscribed below. 

In the PLUM and !PLUM models the location of residences is generatcd by l"od:-trip 

allocation functi.ons based on transportation impédances (derived from tht~ 

transportation network characteristics) and the locations nf workplaces. Tu so 

doing, the models implicitly generate a matrix of work-to-home trips. TI10 \.Tork-

trips used in this project's model package are extracted directly from the 1'1,l!N 

and !PLUM implicit work-trip matrices. It has, of course, been necessary to malee 

certain adjustments to this set of work-trips in arder to assure that their tot.J.l. 

equals · the totals indicated in the San Francisco data files. 
8 

Currcntl:,: tht~se 
j 

adjustmcnts include auto-to-transit person trip ratios, auto occupancy rates, 

percentage of all work trips which occur during peak hours, e te. 

The location of "non-basic" or "local-serving" employ:11ent in the PLUN und IPLUr! 

models is generated by home-to-shop and work-to-shop allocation functions bascd 

on transportat ion impedances and the locatiot:~s of the act ivit les. As \-Jas tlle 

case for work-trips, this procedure generates an !mpliclt r.lat<i_x oi shoppíng tripo:. 

Thcse trips too, are extracted from the modeJ s, though by a sorne'.vhél t ~ l ffe r·~nt 

8 See (1) for a descriptiou of these dnta. 



32 

procedure involving the use of a gravity model type algorithm for balancing the 

origins and destinations of the trips. Again, adjustments are necessary to insure 

that the projected trip totals equal the totals indicated in the San Francisco 

data files. 

In the present version of the model package, peak-hour work trips and shopping 

trips are loaded on the networks. Peak hour trips were used in arder to most 
1 

nearly approxirr~te the work trip travel situation because work trips are a key 

influence on residential location in these models. Accordingly, the shopping trips 

used are only those which take place during the peak hour. A problem to be 

resolved for later versions of the model package is that of other non-work-trips 

besides the shopping trips. Additionally, the problem of mass transportation 

facilities has, for the present, been ignored. There is, however, no reason to 

preclude its inclusion in the model package'in future efforts. This would 

involve constriJCtion of a modal-split procedure and a procedure for dealing with 

multi-modal networks in the PLUM allocation functions. Neither of these appear 

to presentan insunnountable problem for future efforts. 

Severa! alternative procedures for loading the trips on the network have been 

tested and are described later in this report. The procedure used, called 

11 incremental tree-by-tree load ing method, 11 is a mod ification of one developed at 

the Chicago Area Transportation Study. Beginning with a free-flow network, a 

single tree is traced (i.e. all the mínimum paths from that origin to all desti-

nations). Onto these paths a portian of the trips from that origin to all of the 

various destinations is loaded. By use of a volume-capacity relationship, the 

new volumes on the links of the tree are used to calculate new travel times. Then 

a new origin is selected, a new tree is traced, and the process is repeated. 

When a tree has been traced for each origin, the network is loaded with a portian 

of all the trips. This· over-all procedure is then repeated. Currently the net­

works are loaded in three passes of 40%, 40%, and 20% of the' trips respectively. 
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After the network load ing procedut:es havc been completed, a ma!:rix of t rav.~l times 

from each zone to each other zone, vía the mínimum path on the loaded n€.twork • is 

r.alculated for input to the land use models~ 

Prel imina ry Tests of the Model Package: Prototyp~s J_ Rou.nds I and II 

1 

The first tests c.f the model package were done for a small p.cotot;pe vrbaú rt~;ion 

of eight areas. After ironing out several minar problems, acceptable result.s wEre 

obtained and p~eparation began ror full-scale runs using San Fr.ancisc.o ilay ar¡c:a 
-; ~ \ t 

data. The precise fonn oÍ the model system used in these cuns is described· b'eíow 

along with a general overview of their results. More detai~ed descriptions of 

compcnents of the model systems are to be found in the following chapter. 

It must again be noted that there are two forms of the PLUM model. The firs t of 

these is essentially a "state"-variables model where the forecasts are made in 

terms of the values of variables at time t. The second fonn of the moJel (refcrred 

to herein as IPLUM) is an incremental varíable version where the forecasts are m:.Jdc 

in terrns of changes in values of variables from time t-1 to time t. 11&ese changes 

are then added to the base values (i.e, those at t-1) to yield the forecasts of time 

t variables. 9 

The assemb lage of models used for these runs is shown in Figure 2. Bas ic.J.lly thc 

proc'edure involves a run of PLUM to generate hase-year trip matrices for input, 

after load ing onto a network, to the IPLUH model. After thís, success ive 

iterations of IPLUH and the network modelare run. 

Before prcsenting the results of these runs, it is appropriate to cons· der what 

expectations one would have as to the results of such a test run. If ~ as sug-

ges ted carl ie r in th is report, important interrelat ionsh ips are i.gnorec! by the 

9 See (J). 
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typical transportation stu.dy or typical land use study, either of '\-Jhich ·assum.:>s 

fixed values for the othec, then these model runs should indicate significant 
.• 

and systematic differences in output from a simple run of Pl,U}! o;: IPLUM not 

integrated with a network model. These differences shouJd be rathcr syste;,ntic 

and in accord wi th the f ollow iug hypothese S • Fi rs t, i f land use fore cas t.s a:r:f! 

made based on a free-flow nettmrk or a network where flows, and therefore: \:nn­

gt!stion, are significantly less than would realistically be pu:'sent. the: ovc>r··all 

spatial distribution of activitie::> will be excessívely dispeoe,l. An cxc:;ssively 

disperst:!d pattern of activities will, ln turn, produce ovcr-estirnates of tcip­

making and network congestion. Secondly, if land use for~casts are macle bas.:d 

on over-congested networks, the over-áll spatial d istribution of acti-:it ies wi ll 

be excess ively concent rated. · And, in t:Úrn an cxcess ivt.!ly ~oncentratctl pattcrn of 

activities will produce und.er-e5timates of tripmaking and network conGc-stíon. 

Given these expectations, ít is to be anticipated that a linked 1c.nd-use and 

transportation model would show convergent oscillation between d.;ccntral izalion 

and centralizatíon and consequent overconge;stion and 11undercongestion." 

The first ''Round" of full model runs was done wíth a version of IPLUM not incro­

poratíng modifications which were subsequently made to the allocation function~ 

and using only "work-trips" ·for nctwork loading. The population estímate" pro­

duced in th is round are shown in Tab le 1 and Figure 3. An immed ía !:e con;;,lus ion 

which can be drawn from these results is that there is•a substantial differencc 

in the spatial distribution of population as.a function of w~~ther or not the 

impedance inputs are derived from "loadcd" or "empty" ne:tworks. Fu rthcr, it j s 

clear that there are osd llations in thc population allocations a:: H h:nction of 

levels of congestion on the loaded networks. These conclu&ions reenforced(\our 

concern as to the inadequacy of either a transportation or a land use for~c-astinr; 

method which ignores the relationships betHeen these two compone:nts of the probler'l, 
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Run !.1 • Ru:1 !.2 Run I.3 Run !.4 

1965 1980 - (1) 1980 - (2)' 1980 - (3) 1980 - (4) 

San Frencis co 754,754 764,445 1.28% 763,414 1.14% 765,068 l. 3 6i. 765,067 1.357. 

}'.arin l 192,523 
1 

469,669 243.9 319,634 1 66.0 301,3 79 56.5 
1 

259,124 36.6 

' 
San :t-rateo 523,2 71 801,723 53.2 756,041 44.5 835,885 59.7 938,460 79.3 

Sono:na 167,497 368,057 119.7 ' 591 '781 253.3 444,212 
1 

165.2 377,406 125.3 
1 

Napa 1 69,378 135,910 95.9 183 '943 165.1 156,245 125.2 130,538 88.2 

Solano 149,386 363,338 143.2 437.717 193.0 
... 

316,304 111.7 276,112 84.8 

Contra Costa 534,056 666' 716 24.8 - 720,394 34.9 778,010 45.7 672,925 26.0 

Santa Clara 922 ,35 7 1,308,470 41.9 1,238,821 34.3 1,341,138 45.4 1,499,215 62.5 

Alcmed.A 1,095,236 1,528,722 39.6 1,395,805 27.4 1,469,301 34.2 1,488,690 35.9 

TorAL 4,438,458 6,407,473 44.4 6,407,471 6,407,470 6,407,474 

Round !: Base Population, Projected Total P~pu1ation for 1980, and Percent Change 1965-1980. 

Table 1 
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At the zonal level of detail the general, expected, pattern of: uncongested 

(underutilized?) networks producing spread-out population allocation, which in 

turn produced congested networks, whicb then produced more centralized population 

allocation, which in turn produced less congested networks, etc., was found. 

At the county level of detail much of this phenomenon was obscured (See Map 1 for 

reference to the location of the various counties). The general performance of 

the model package 1was considered to have met our expectations. In view, however, 
1 

of the obvious ''hales" in the package, further, more detailed analysis of these 

first outputs was curtailed in favor of work on the needed irnprovements in the . . 
package. 

There were three principal areas of further investigation which ultimately led to 

the second round of model runs. First, prelirninary investigations of the opera-

tion of IPLUM gave evidence of serious inconsistencies in the allocation functions. 

The conclusion of these investigations was that the IPLUM allocation procedure 

. d . t t d"f" . 10 
requ~re unpor an mo ~ ~cat~ons. These were implernented and resulted in an 

apparent improvement in the model's performance. Second, it was clear that an 

important proportion of total trips was being ignored by dealing only with work 

trips. A procedure for making explicit the home-to-shop and work-to-shop trips 

implicit in IPLUM was developed, along with a gravity model for distributing 

1 . 11 t1ese tr~ps. The number of shopping trips was then scaled up to equal the total 

non-work trips in the region. These, plus the work trips, it was felt, would be 

a reasonably good estímate of the total trips on the network. Third, and finally, 

a procedure was developed to effect a substantial savings in computer time for runs 

of network package. In general this procedure involved the assumption that, after 

the first two iterations (runs) of IPLUM in a given round, a large proportion of 

10 Discussed in greater detail in the next chapter of this report. 

11 Described in more detail in the following chapter. 
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the consequent trips on the network would be relatively stable. Consequently 

a marginal loading of trips would be a possible substitute for the full network 

loading runs used "in Round l. 

These investigations and modifications being comple,ted, it was possible to 

proceed with Round II of the model runs. The results of four iterations of the 

rrodified !PLUM, trip generation, and the modified network package incorporating 

thc marginal loadim.g procedure are shown in Tabl~ 2 and Figure 4. These runs were 

later given the suffix B and are referred to in that way. It is imrnediately 

obvious from Figure 4 that there still remained problems of oscillation from one 

iteration of IPLUM to the next. While this was not a particularly unlikely 

outcome, it was definitely nota welcome result. 

A first attempt to isolate the source of these oscillations involved reverting 

back to the full network loading procedure. Since the marginal procedure had 

been institutcd only after run II.2, (to prepare input for run II.3B), runs II.l 

and 1!.2 are used for both Round II.B and II.A. Three further iterations of the 

network package, !PLUM, and trip generation were run, yielding runs II.3A, II.4A, 

and II.SA. Thcse results are shown in Table 3 and Figure S. It is 

clcar from Figure S, that the oscillations were still present in the system and 

the overall rcsults were nearly identical to those obtained from Round II.B. 

Consequently, it was assumed that the marginal network loading procedure was not 

at fault. 

A more detailed investigation of these model outputs revealed that, though obscured 

at the county level of detail, the oscillations were not really county level oscil­

lations, but were zonal oscillations. In each county the bulk of the zones remained 

rath_er stable while a few of the zones underwent rather large oscillations. For 

example, in Alameda county, of 69 zones, only 10-lS show significant oscillations 

and of these, only 2 or 3 zones show really large oscillations. In addition, it 



Run II.1 Run II.2 Run II.3B Run II.4B 

1965 1980 - {l) 1980 - (2) 1980 - (3) 1980 - (4) 

San Francisco 754,754 759,821 1 0.677. 1 762,455 1.0% 758,553 o .507. 760,438 0.75'7. 
1 

::zrin 192,523 313,982 63.08 251,919 30.85 341,856 77.57 223,377 1ó.03 

1 
1 1 San· 1-:<iteo 553,271 840,265 51.9 719,364 30.0 787,382 42.3 700,500 26.6 

Sono:na 167,497 440,337 162.9 255,273 52.4 708,799 323.2 244,780 '•6 ._l 

-
1 , .•. 69,378 118.582 70.9 162 ,268 133.9 190,562 174.7 93,982 35.5 

1 
Solano 149,386 223 ,C74 49.3 351,312 135.2 288,630 

1 
93.2 229,551 53.7 

Ccnt ro. Costa 
1 534,056 655,638 22.8 771,037 44.4 635,465 

1 
19.0 783,855 46.8 

1 

1 
Santa Clara 922,357 1,412,839 53.2 1,348,370 46.2 1,239,020 34.3 1,429,129 

1 
54.9 

1 hla::-eda 1,095,236 
1 

1,643,003 50.0 1,364,748 24.6 1,457,279 33.1 1,941,722 77.3 
1 
1 

l TOTAL 4,438,458 6,407,472 44.4 6,407,476 44.4 6,407,468 44.4 6,407,474 44.4 
.. 

... 
Round IIB .. : Base Populaticn, Projected Total Popule.tion fot: 1980, and Percent Chunge 1955-193C 

-Ir 
( IIB Series, Partial Loading Betwecn IPLUX Runs) 

'iable 2 
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Run II.l Run II.2 Run II.3A Run II.4A Run II.SA 

1965 1980 - {lJ 1980 - (2) 1980 - (3) 1980 - (4) 1980 - (5) 
-

S2~ Francisco 754.754 759,821 0.67!. 762,455 1.02% 759,211 0.591 760,607 o. 78t 758,369 0.48'7. 

:t'.2rin 1 192,523 313,982 63.1 251,919 30.9 360,995 87.5 
1 

220,628 14.6 362,523 88.3 

San Xateo 553,271 840,265 51.9 719,:Jó4 30.0 858,236 55.1 678.678 22.7 781,160 41.2 

S::mo:=~a 167,497 440,337 162.9 255,273 52.4 670,765 300.S 240,426 43.5 782,643 367.3 

Napa 69,378 118,582 70.9 162,268 133.9 155,177 123.7 95,049 
i 

37.0 237,311 242.1 1 

Solano 149,386 223,074 49.3 351,312 135.2 223,454 49.6 231,381 54.9 378,531 153,4 

Cc:1tr.e. Costa 534,056 
1 

655,638 
1 

22.8 771,037 44.4 616,419 15.4 817.730 53.2 611,018 14.4 

Santa Clara 
1 

922,357 1,412,834 ~3.2 1,348,370 46.2 1,408,025 52.7 1,275,817 38.3 1,260,181 36.6 

Alameda 11,095,23~ l' 643,003 50.0 1,364,748 24.6 1,355,254 23.7 2,087,224 

1 ;+"'·'"' 28.3 

TOTAL ¡4,438,358 l 6,407,472 "-4.4 6,407,476 
1 

44.4 6,407,465 44.4 6,407,477 1 44.4 1 6,407,545 41+.4 

* Round I!A : Base Population, Projected Total Popu1ation for 1980, end Percent Changc 1965-1950. 

* ( IIA Series 1 F.ul1. Loeding lletwe2n IPLUH Runs) 

Tab1e 3 
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was determined that virtually all of the oscillating zones were on the fringes 

and/or had high percentages of available vacant land in theit,. 

Further Tests of the Model Package: Round IV, Network Measures 

Severa! working memos written by Goldner as well as statements in his report to 
1 

l d h bl f • 1 f . 12 FHWA al u e to te pro ems o ~arge y vacant r1nge 2ones. In general, these 

problems stem from the forro of the function which calculates the measure of 
1 

attractiveness of zones for residential allocation. In the version of IPLUM used 

in the runs described above, this measure was essentially a function of the 

vacant land in the zone. Clearly, for large size,_ essentially undeveloped (Le. 

largely vacant) zones, the leve! of attractiveness was quite high. At sorne point 

in the development of !PLUM, Goldner entered, and then deleted, a correction 

factor to deal with this problem. Based on the results obtained from Rounds IIA 

and IIB it was decided to reintroduce this correction factor. 

The theoretical basis for this correction factor is that it is developable vacant 

land which detennines the attractiveness of a zone rather than vacant land e_er ~· 

This being the case, one measure of the developability of land would be in terms 

of the proportion of developable land in a zone which had actually been ~eveloped. 

Presumably this could be a surrogate measure of ·.the available "infrastructure" 

e.g. sewer and water lines, roads,, etc. in the zone. This correction factor was 

introduced into the IPLUM household allocation function.
13 

Subsequently a new 

Round of the model system, called Round DI, was nm; the results are shown in 

Table 4 and Figure 6. (Round III, a policy run, is d~.s.cribed in Chapter V) 

It can be seen in Figure 6 that a substantial reduction in the system's oscilla-

t ions has be en made, compared to Round II shown in ·Figure 5. Nonetheless, the 

12 See (3), Volurne II, pp. 57-58, 94. 

13 Described in more detail in the following chapter. 



. 
Run IV .1 Run IV .2 Run IV .3 Run 1V.4 Run IV.5 

' 

1965 1980 - (1) 1980 - (2) 1980 - (3) ' l 1980 - (4) 1980 - (5) 

San francisco 754,754 759,821 
1 

.607. 767,173 1.6'7. 763,390 1.17.1 766,364 1.5'7. 763,276 
\ 

1.17. 

Hzrin 
1 

192,523 
1 

313,982 
1 

63.0 275,484 43.0 363,621 88,8 238,932 24.1 380,640 97.7 

San }L!teo 553,271 840,265 
1 

51.8 762,003 37.7 746,089 34.8 788,324 42.4 735,260 32.8 

1 

So:1o::1a 167,497 440,337 162.8 242,874 45.0 474,468 183.2 230,152 37,4 520,828 210.9 

~:apa 69,378 118,582 70.9 118 '737 71.1 163' 118 135.1 95,836 38.1 179,825 159.1 

Solano 149,386 223,074 49.3 363,296 143.1 328,929 120.1 262,109 75.4 450 '116 201.3 

Contra Costa 534,056 655,638 22.7 829,304 55.2 738,900 38.3 787,239 47.4 703,485 31.7 

Santa Clara 922,357 1,412,834 53.1 ,1,412,478 53.1 1,325,489 43.7 !,520,842 64.8 1,287,851 39.6 

A1aneda 1,095,236 1,634,003 49.1 1,636,193 49.3 1,503,543 3 7.2 1, 717,740 56.8 1,386,261 26.5 

TOTAL 4,438,358 6,407,472 

Round IV: Base Population, Projected Total Population for 1980, and Percent Change 1965-1980· 

Tab1e 4 



o 
o 
o 

47 

2250 

~000 

uso 
Alameda 

lSOO 

Santa Clara 

San Francisco San Mnteo 

500 

250 

Sonoma 

/"\ 
o L---->-------+--· -4----~ Napo. 

~--------------~~~--------------

1965 IV .1 lV.2 IV.) lV.4 1V.5 l%5 IV .1 IV .2 iV. 3 

ROUND IV - P~c'lJLATION PROJECTIONS BY COlJNTY, 1980 

FIGURE 6 

lV .4 j 1' -'. :> 



48 

oscillations were still present and still significant. This oscillation was also 

visible in the network loadings, with network links conne<;:ting to zones of popula­

tion oscillation showing correspondingly large volume oscillations. Looking back 

to the Beta-functions on,which the population allocation in IPLUM is based, it was 

recalled that the mode of the 8 distribution was expected to be approximately one­

third of the mean travel time of work trips. A look at the travel times on -the 

loaded networks revealed that this was not the case. In the hope that changing the 

S values would improve the stability of the system, two runs, Run IV.3A and Run 

IV.4A, were made with increased values of A· These runs produced results very 

similar to those of Run IV.3 and IV.4, thus indicating that the model was not very 

sens itive to the values of 13 and that these values were not respons ible for the 

oscillation problem. 

Referring again to Figure 6, it appears that in going from Run IV.2 to Run IV.3 

the system may have, "overshot" a possible equilibrium point. Having done so, the 

subsequent attempt from Run IV.3 to IV.4 to return to the equilibrium point, 

overshoots in the opposite direction. Once this process has started, it appears 

as if it might well continue indefinitely. It seems that once having reached an 

"unstable" sitÚation, the model system is unable to reach an intermediate and 

hopefully stable configuration. The next experiments were an attempt to help the 

model system to return to, orto achieve, such a stable situation. The trips 

generated from Run IV.3 and IV.4 were averaged together O.D. pair-by-O.D. pair. 

The resulting "averaged" trip matrix was loaded on the 1980-network and used as 

input to Run IV.5 AVG •. The trips from Run IV.5 AVG were then averaged with those 

used as its inputs (i.e. the average of IV.3 and IV.4) and again loaded on the 

1980-network. The resultant impedances were used as input to IPLUM Run IV.6 AVG. 

This procedure, as one would expect, did virtually eliminate the model system's 

oscillations. The results of these runs are shown in Table 5 and Figure 7. It 



Run IV .2 Run N .3 Run IV.4 Run IV.SAVC Run IV.6AVG 

1965 1980 - 2 1980 - 3 1980 - 4 1980 - S 1980 - 6 

1 
San Frar..cisco 754,754 767,173 1.67. 763,390 1.17. 766 ,3G4 

\ 
l. 57. 765,234 

1 
1.37. 764,950 1.47. 

1 

}:a rin 192,523 275,484 43.0 363,621 68.8 238,932 24.1 334,808 ;3,9 320,451 66.4 

San }:ateo 553,271 
1 

762,003 37.7 746,089 34.8 780,324 
1 

42.4 788,168 42.4 778,837 4(1.8 . 
1 

l Soncr.:2. 167,497 242,874 45.0 474,468 183.2 230,152 34.4 294,499 l 75.8 288,333 72.1 

1 1 ' 
1 

~;apa 

1 
69,378 118,737 71.1 163 ,ue 135.1 95,836 38.1 126,219 81.9 130,566 88.2 

Solano 149,386 1 363,296 143.1 328,929 
1 

1120.1 262,109 75.4 319,934 114.1 307,813 106.1 

Contra Costa 
1 

534,056 829,304 55.2 738,900 36.3 787,~39 47.4 780,736 46.1 788,455 47.6 

Santa Glera 922,357 1,412,478 53.1 1,325,489 43.7 1,520,642 64.8 1",382 ,363 49.8 1,401,803 52.0 

1 

1 A1a::Jeda 1 1,095,236 
1 

1,636,193 49.3 1,503,543 3 7.2 1,117,740 56.8 1, 621,579 1 48.0 11,626 .. 328 48.5 
! 

- ¡ ¡ 6,407,556 !O!AL 4,438,356 6,407,542 1 

¡__ 1 

Round "N .AVG: Base Pcpulation, 1'rojected Total Population fo:- 1980, and Perccnt Changl' 1965-1980 

Table 5 
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appears that if this procedure of trips averaging wcre imposed on the modcl system 

beginning with the 1980-3 run, i.e. with average of the 19SO-l and 1980-2 trips, 

the oscillations would be brought to within tolerable ranges. Consequently this 

trip averaging procedure, which is not a particularly "extremclf solution to thc 

oscillation problern, was adopted as standard procedure in t he n¡adel package. 

As described earlier, two principal airos of this research effort were to attempt 

to wholly eliminate forecast errors due to the differences betveen free•flow and 

loaded network characteristics, and to part ially eliminate the erro;-s due to the 

incremental land development resulting from the changes in the transport networks. 

The first airo is achieved by using loaded networks as input to the land use model.. 

The second airo is partly achieved by repeated iterations of the 1and use rnodel and 

the network modelo It should be noted that while the various intermediate steps 

in this iterative pr9cess do not purport to have any one-to-one correspondence to 

simulated points in time, the overall stream of iterations is probably similar to 

a s imulated stream of time. (This notion is further explored in Chapter IV • p. 104). 

An obvious point of comparison for this integrated forecasting technique is \vith 

similar· forecasts made in the traditiona1 manner. The modified v~rsion of IPLUH 

was run with the "empty" (1acking any trip loadings) 1980 network Lvnpedances as 

input. This, of course, represents the standard procedure for unintcgrated use 

oí a land use mode1. This yie1ded a 1980 land use forecast based on the projected 

1980 network without any consideration of the traffic which wou1d develop as a 

result of the changed land use distribution. The county population forecasts from 

this run (called 1980-FF) are: 

San Francisco 757,892 Solano 374,101 

Marin 319,089 Contra Costa 725,874 

San Mateo 716 '536 Santa Clara 1,162,194 

So noma 589,129 Alameda 1 J 548 /+ 74 

Napa 213,2511 
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This set of forecasts does not reflect any of the feedback from land-use to 

transportation. If the actual links of the 1980 network had unlimited capacity, 

under which circlmlstance the travel characteristics of the links would not be 

debilitated as the volume on the links increased, then theoretically these fore-

casts would be acceptable though still not quite correct. The remaining theoreti-

cal error is due to the incremental development of changes in actual transport 

1 
facilities which allows portions of thern to come into public use and to have 

sorne effect' on land use before the completion of other portions. Any model which 

makes its forecasts by discrete jumps through time will i~evitably miss sorne of 

these phenomena. 

The 1980-FF forecasts are plotted in dashed lines on Figure 7. It is quite clear 

from the figure that these results differ substantially from the results indicated 

by the stream of iterations. While it has not yet been possible to make a statis-

tical comparison of these_ results, it appears that the results from the integrated 

model system are much more likely to be correct i.e. better forecasts. Finally, 

it should be noted that in those areas, shown on Map 2, where there has been 

substantial real growth in population (the southeastern counties), the integrated 

model system results are consistently greater than those of 1980-FF. This is an 

encouraging result and is suggestive of the potential advantages in forecasting 

accuracy to be had from the integrated model system. 

Before concluding this chapter, sorne further discussion of the network modelling 

is in order. It is clear that it is of importance to have ways of assessing the 

"situation" on the transport networks. Since the origin-to-destination trip matrix 

will change, as described above, as the location of population and employment 

changes, the volume loadings on the network links will provide an accurate indica-

tion of the traffic conditions on the network. One possible measure is of 

total-trip-minutes". Unfortunately this rneasure does not accurately reflect the true 
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traffic situation on the network since there is no way to distinguish whether the 

total trip minutes come from large numbers of short trips or fewer numbers of 

long trips. After further consideration it was decided that the mean and stan-

dard deviation of; 1) volume/capacity ratio, 2) origin to destination impedance, 

and 3) trip length,would provida sorne useful information about the traffic 

situation on the' network. These data are shown for Round IV.AVG in Table 6a. 

While most of the,oscillations in the county population forecasts can be seen to 

follow the oscillations of the network measures, these measures are not zone or 

county specific. Consequently it is not possible to compare zonal or county 

forecasts with the conditions on the relevant portions of the network. A crude 

zone-specific measure of congestion was therefore developed as follows. In each 

zone there is a network load-node. All traffic which either originates or 

terminates in the zone must pass through this load node. We look first at all of the 

network links which originate at the load node, the. traffic on these links, and the 

volume/capacity ratio for the loaded links. It is then possible to compute an 

average volume/capacity ratio weighted by the traffic .experiencing that level of 

congestion implied by the volume/capacity ratio. While this measure does give an 

indication of zone specific congestion, it has the fault of not distinguishing 

"through" traffic on the links, passing through the load-node (i.e. it neither 

originates nor terminates in that zone), from trips originating at the load node. 

Consequently, the particular placement of the load node in the zone affects the 
,l,i 

' amount of through traffic and the results. Nevertheless, this zonal measure can 

be extended to the county level which averages the effect of particular load node 

. ~placements, and thus comprises a county level measure of transport network' con­

gestion. These measures were calculated for the runs of Round IV.AVG and are shown 

in Table 6b. 

If the behavior of the congestion measures is compared to the population projec-

:,> tions, sorne interesting observations may be developed. There are two general 
.,. 
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lj ! 
" 

1 

He:m VoL/Cap. 
1 

0.798 0.883 0.827 

1 

1 S. Dev. Vol./Capo 
1 

0.839 0.960 0.822 

~ 

Hean Im;>ed o 74.2 &9.0 84.0 

1 

S. Dev. L-nped. 
1 

38.3 52.0 44.3 

}1ean T rip Lgth o ¡ 32.0 43.5 36.2 
1 1 

i 

·1 
S. Devo Trip Lgth. 1 23.4 39o2 27.2 1 

1 

Net~..rork Characteristics on Input to IPLUM Run 

Table 6a 
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IV.3 IV .4 IV .5AVG IV .6AVG ,, --

11 

San Francisco ¡, 1.891 2.005 1.939 1.928 
,1 

i 
1 

r:2.rin 
1 

1.425 2.025 1.229 1.090 -
1 

1 

San Nateo 
li 

2.246 ~76 2.144 2.102 

1 1 

1 Sono:na 1 2.446 2 o 711 2.453 2.407 1 
1 
' 

Napa 
11 

1.048 2.218 1.341 1.262 

Solano r 1.837 1 

1 

1.467 1.526 1.551 

1 

Contra Costa 1 1.558 2.311 1.567 1.566 

·-
Santa Clara l. 719 1.663 1.692 1.677 

-· 
Alameda 1.810 1.922 1.777 l. 766 

- -

Congestion Measure on Input to IPLUM Run 

Table 6B 
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e las ses of behavior to be observed. First, is where the population projections 

and congestion measures are one iteration ''out-of-phase" with each other, e.g. 

IV.3 congestion is "high" and IV.3 population is "low" while IV.4 congestion is 

"1ow" and IV.4 population is "high 11
• This situation occurs for five of the nine 

counties; Santa Clara, San Mateo, Sonoma, Napa, and Marin. This situat:i.on is 

what was expected of the model system, being of the general form: high popu1ation ~ 

high congestion ..... lowered population ..... lowered congest:ion- highcr population ..... 

etc o 

The ~emai~ing four counties; Alameda, Contra Costa, San Francisco, and Solano 

ex·hihit a different forrn of behavior. In these counties the population projection 

and congestion measures are "in-phase" with each other, e.g. IV.3 congestion is 

"high" and IV.3 population is ''high" while IV.4 congestion is "low" and 1V.4 

population is "low". This situation is of the general form: high population 

low congestion ..... lowered population ~ higher congestion ..... higher populat:i.on _. etc. 

This is a rather unexpected mode of behavior and is.currently being investigated. 

There are several possible explanations to be tested. First, there is the 

possibility that the "through-traffic" ignored by the congestion measure is suf­

ficiently important to be biasing the measure and making it an inaccurate indica­

tion to the true area specific levels of congestion. A second possibility is 

that congestion is not properly measured without considering numbers of originating 

trips and average trip lengths i.e. congestion in an area could increase if number 

of trips declined slightly and trip lengths decreased substantially. The fact 

that there appears to be a systematic spatial distribution of the counties 

displaying these modes of behavior, shown on Map 3, suggests that this problem 

can be resolved in a systematic fashion. 

Two important pos it ive points to be noted he re will conclude the d iscuss ion of 

network mea sures. Firs t, the overall network mcasures given in Ta'•lt: 6a do 

converge with the population projection convergence and are probably :ndicative 
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of the des ired equilibrium being reached. Second, the congest ion measures shown 

in Table 6b also seem to converge with the converging population projections. 

Th-3 anomolous iteration-to-iteration J:-.eltavior of the congestion measures is m:.;re 

-likely to shed additional light on the nature of the process than it is to 

v1tiate the results obtained. Finally, we note that in the development of a system 

of models and interrelationships as r;omplex as this one, simplifying assurnptions and 

certain gaps, botl~ theoretical and operational, are inevitable. Here, howeve·c, á.nd 

es?ecially in view of the preliminary nature of these results, the question is not 

one of absolute accuracy of forecasts. The nature of the response of th2 '"he le 

system is the key result. The demonstration of the relaiive sensitivity ot land 

use forecasts to transportation nen1ork conditions, and of traffic on the networks 

to land use forecasts, and that they reach equilibrium, is the principal output 

to date. 

There is, of course, room for improvement to this model system. The following is 

but a sample of the questions to be explored in regard to the adequ3cy (or 

accuracy) of the sy3tem's forecasts 

a) What are the consequences of redistribution of basic employrnent? The 

PLUM and IPLUM'models are derivatives of the LOWRY modcl and as s~ch the 

forecasts of basic employment are exogenous inputs to the models. It 

is clear that transportation networks do have an effect on the location 

of sorne basic employment.
14 

Further, there are strong indications of 

decentralization of sorne bas ic employment in metropol itan areas, To th,! 

extent that this may represent a significant shift in workplace locntion, 

there are impacts to be felt throughout the area. Haw should the model 

system dcal with this problem? 

14 See (6). 
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b) Both PLUM and !PLUM locate residences strictly as a function of work-

trip d is t.ributions, available land, ~nd subsequent, somewhat arbitrary, 

constraints. Work with other land use models indicates that locational 

amenities of potential ,residential locations have a significant impact. 

How can these models be modified to include these phenomena? 

e) The networks now used in the system are highway only. Clearly one of 
1 

the important questions for future metropolitan development will be that 

of utility1 uf public (mass) transit systems. How can the model system 

be modifie'd-r to include both highway and transit networks as well as a 

model split procedure? 

d) The level of sectoral detail throughout the model system is too highly 

aggregated. Where and how can disaggregations be accomplished? 

All of these questions, plus others, require further investigation. 

t 1 L 
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IV. METHOO OF ANALYSIS: FURTHER ELUCIDATION 

As a part of the development of the model package described in Chapter III, 

numerous detailed investigations were undertaken. In order to avoid further 

obfuscation of Chapter III's already cornplicated discussion, certain more de-

tailed discussions of method were reserved for presentation here. 

Befare moving to the specific discussions, sorne mention of the data used in the 
1 

project analyses is appropriate. First, the data set for the earliest prototype 

model runs was fabricated specifically for those test purposes and, the work-

ability of the model package having been established, was simply stored for 

possible future use. The bulk of the project's analyses were conducted with data 

for the San Francisco Bay area, consisting of nine counties disaggregated to two-

hundred ninety-one zones. This is the same data base as was used for the Bay 

Area Transportation Study and which, with sorne modification and up dating, is 

still being used by the Metropolitan Transportation Commission and the Associa-

tion of Bay Area Governments. All the data used for this research project were 

obtained from the M.T.C. and, due to the limits of the project resources, had to 

be accepted as received, without further data collection or verification. A 

useful task to be undertaken as part of future work on this project would be to 

attempt to update this data base (from published sources) and subsequently do 

further testing of the model package. Many of the questions raised in the 

following discussion could at least begin to be answered if such updated data 

files were available. 

Modification to !PLUM Allocation Functions 

First, recall that !PLUM is the more recent, incremental version of PLUM. A copy 

of the computer program and documentation for the model were received by the pro-

ject in early spring of 1972. In the process of adapting that program to our 
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computer system several pro;:;ram errors ~_;ere discovered and are noted in voJ_Ll.lme 

2 of this repoct. 

There are several constralnts imposed on the !PLUM allocations during ~~acP pro-

1 
gr."lm run. These are des ~ribed by Goldner in Vol. II of hin report. Th€: fi rs t 

ql.testion in xegard to these constra:Lnts was one of the Jegree to Hh_;_c:h thr.;o.f- con·· 

straints modified the model 's "true 11 allocations. The second que::;cj_on \Ja~ that of 

the theoretical and/or conce¡:>t11al legi.t imacy of the ind i v-ifj ua l .cons tra ints. 

A ~-<:i: of experimental model runs were made invcstigatc the operation of t:he 

constraint factors in IPLV11. <\ is the correction factor to neutralize the 

"distorting" effects of components of the allocative functions. It scales the 

allocated local serving employment increment (summed over all zones) to the area 

wide control total of local serving employment change (a calculated input Lo the 

model). c2 is the correction factor to neutralize the effect of the population-

per-employed-resident f.or the hase year, s.ince IPLUH operates on increntents 

rather than base year values. It scales the allocated residential non-working 

population increment surrm1ed over zones to a calculated input of area-wid e 

res idential non-\\'orking population change (control total for projected year). 

Four runs were made of IPLUM to test the "effects of <\ and c
2 

on the all.ocation 

mechanism of the model. (1) Base run, (2) 6
1 

not invoked, 6
2 

remainiqg the same, 

• • • and ('; (3) el invoked and c2 not invoked, and (4) both el 2 not invoked. Tile 

essence of the results of these runs v!as that the model is critically :~ensitive 

. . 
to the value of e

1 
and e

2
• Further, there was sorne suspicion that the nwgnitude 

of c
1 

(~13) was indicative of potentially serious problems in the model's equa­

tion structure. TI1ere was clearly a need for further, and particularly thorough, 

_investigation of these constraints. 

1 See (6) Vol. II pp. 78, 84-85, 92-93 an~ Chapter 6 in general. 
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The most critica! components of the IPLUM model, indeed of most land use models, 

are the functions which allocate activities to geographic locations. Any thorough 

investigation of ·a land use model must begin with a detailed examination of these 

allocation procedures. It is appropriate here to try to present a prose descrip-

tion of the allocation procedures.in !PLUM. In general the procedure has three 

steps. First, a function describing the probability (all other factors being con-

stant) of travell~ng a given time-distance for. a particular trip type e.g. work­

to-home, work-to-shop, home-to-shop, i's described and split into 31 intervals o 

Second, for each zone-to-zone pair, an algorithm uses the above mentioned prob-

ability function to produce a zone-to-zone matrix of trip probabilities o • Finally, 

the elemcnts of this matrix are "weighted 11 by ind ices of zonal 11attractiveness". 

In the following discussion we deal only with the first two steps in this process. 

We begin with a probability function as follows, divided into 6 intervals: 

Travel Time = t Probabil ity of Trip of Length t 

1 minute .so 
2 minute .30 
3 minute .15 
4 minute .04 
S minute .01 

>5 minute .oo 

Now consider that we shall investigate two zones of origin, Zone 1 and Zone 2. 

Suppose that around each of these zones we define all other zones to be in time 

rings. Thus around e.g. Zone 1 there is a ring of zones 1 minute away, a ring of 

zones 2 minutes away, etc. Similarly for Zone 2 there is also a set of such time 

rings. It is clear that for most regions, depending upon transport facilities, 

geography, etc., the numbers of destination zones in say, the 2 minute ring, for 

different zones of origin will be different. Consider the following table: 



1~ ! 
-- - -

1 Origin Zone 1 min. 
' 

Zone 1 5 

1 
Zone 2 2 

!.... 

No. of destination zones in ring 
t minutes from the orígin zone 

~ -~-

2 ;nin. 3 min. 4 m:i.n. 

--
o 3 o 

---··-
2 3 1 
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- . 

5 

2 

1--· 

2 

Tll .. s ·in the 2 minute ring for Zone 1 there are O destination zones l·Jhile in t.he 5 

minute ring for Zone 2 there are 2 destination zones. With this background we 

may consider the algorithms used in PLUM and IPLUM to produce the matrices of 

trip probabilities. 

In the PLUM algorithm the essential notion seems to be that the travel probabili-

ties are associated with travel to rings. Consequently the probability oÍ a tr lp 

from a given origin zone to a given destination zonc is equal to the probabilíty 

oí travel1ing to the destination zone's ring divided by the number of zones in 

the ring. Consequently the probabi1ity of a trip from Zone 1 to a zone in ring 

1 is .5/5 .1 while the probability of a trip from Zone 2 to a zone in its rlng 

1 is .5/2 .25. While it could be argued that this procedure introduces the 

effects of zone-to-zone competition for 1ocators, it is not clear that this is 

the most appropriate point at which to introduce these effects as op~osed, for 

example, to doing so in the calculation of attractiveness índices. Tiie issué is 

confounded by a treatment of the case of rings containing O zones which apparently 

stems from notions of íntervening opportunities. When a destination ring contaíns 

O zones the entire probability of travelling to that ring is added to the next 

further ring. Looking again at our example, from Zone 1 there are O zones in ~ing 

2. The zone 1 probability of travellíng toa zone in ring 3 is (.30 + .15)/J = .15. 

Surnma riz ing the PLll'H ca1culations for our examp1e. 



66 u-----------------------------] 
~ Probnbility of trip to dest. zone in ring 

-----¡r--e--- -
ori~in ::ue "~~--~-- 2 =-)--==--3----]== 4 __ -r=--- ~-=-

zone 1 · 1¡' a5/5 ¡ n.aa 1 (.3+.15)/3 ¡ n.a. l (.Ü•f+.01)/2 
--- ------¡ -----~-~~-t- ------¡------
--~~qe 2 _j ,5/2 1 ~ .15/3 __ _1_·04/1 1 ,01/2 

In the -IPLUM algorithm the emphasis seems to be on intervening opportunities and 

in general there· is a higher level of consistency. The probability of travel-

1ing from a given origin zone to a 'given destination zone is equa1 to the 

probabi1ity of trave11ing to the destination zone's ring divided by the time to 

the ring. Consequent1y the probabi1ity of a trip from Zone 1 to a zone in ring 

1 is .5/1 = .5 and the probabi1ity of a trip from Zone 2 to a zone in its ring 1 

is also .5/1 = .5. Again, however, an inconsistency is introduced with the 

handling of rings containing O zonesa This is done in a manner similar to _that 

for PLUM, with the entire probability for the O ring being added to the next 

further ring. Thus, since there are O zones in Zone 1's ring 4, the probabi1ity 

of travelling from Zone 1 toa zone in ring 5 is (.04 + .01)/5 = .01. Summariz-

ing the IPLUM calculations for our example. 

,------~-:fL-~:~ab~1 ~ty--o-~---t_:_~-~-t_o_d_eTs_t __ ._z_o_n_e_-_-_in..- ri~;-l 
~~~gin ~~J- 2 '--~~-~--~ _ _j ____ 5_ J 

11 1 1 l 1 -

-i-1-' ·~~-1- ~~~_:_ __ J (.3+.15) /3 _1 - ~~-~~:~4~~-=--' 
...____z_an_e_z __ !L5t1 j.3t2 _ 1 .15/3 r .o4t4 1 .o1~~-

Zone 1 
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Again, consider the "theory" implicit in the access-attractiveness types of 

allocat ion functions with which we are here concerned. In general one is attempt­

ing to des cribe the aggregate behavi or of a group of tripmakers. Cons .¡_dering a 

particul~r orig~n, "other variables" being equal, the theory postulates that the 

trips to any given destination \oTill be a function of the difficulty of reaching 

the destination and the degree to •..rhich that particular destination is capable 

of satisfying the ,trip purpose. ThP. difficulty of reachine the destination is 

usually expressed in terms o[ travel time and/or cost. The degree to which the 

particular destlnation is capable of satisfying the trip purpose is usually 

expressed in terms of sorne measure of attractiveness or quantities of attractors 

located at the destination. Two of the "other variables" are particularly impor­

tant and are therefore often included in these formulations. First is the 

possibility of intervening opportunities for satisfying the trip purpose befare 

reaching the "intended'' destination. And second, which is really jusc a different 

form of the firs::, there is the possibility of competition amongst alternative 

destinations. Both of these "other" variables have becn used in various formu­

lations of these allocation functions for the many land use models which have 

been developed in the past decade. 

A convenient way to think about such access functions is to divide them i4to DvO 

components. The first component deals with the probability of a trip for a given 

trip purpose being of a certain length (in terms of time and/or cost). The 

second _component deals with the attractiveness of the destination. This general 

notion seems to be the basls for the PLUM and IPLUN allocation functions as 

described by Goldner in Vol. TI of his report, cited above.
2 

Unfortunately it 

appears that the allocation functions as implemented in the models are inconsis­

tent with this theoretical framework. In particular, ,the second step of lite 

2 See (6 ) pp 53-58 and Chapter 4 in general. 
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allocation procedures, by virtue of the JMnner in which rings containing O zones 
' 

are handled, produces an u~acceptable inconsistency. With those procedures the 

probability of a trip of length t can, and does in practice, differ from origin 

to origin quite independently of the attractors. Looking at the numerical 

examples worked out above, in the IPLUM example, the probability of a 3 minute trip 

from Zone 1 is .15 while the probability of a 3 minute trip from Zone 2 is .05. 

While it might be argued that this d ifference stems from cons iderations of 

"intervening opportunities", c1ose inspection of the a1gorithms will revea1 that 

there is no basis for this contention. 

In view of the above, it was decided to modify the first two steps of the IPLUM 

a1location procedure to make them more consistent with the general theory briefly 

mentioned above. The first modification made was simply to assure that the sum 

of the probabilities in the initial probability function was indeed equal to 1.00. 

This was, in part, the stated purpose of the e
1 

correction factor, but which was 

discovered in our investigation not to be the case. This correction of the 

probabi1ity function ranged from 0% to 3% and produced a change in e
1 

of 10% and 

changes in sorne sub-area allocations of up to 20%. 

The second change involved asserting that the probability of a trip of length t 

is _the same--for-a-1-1~ possib1e zone-s oCorigin. The algorithm was mod ified 

accordingly, with the problem of rings containing O zones being shifted to the 

attractor portien of the calcu1ations. With this procedure, and the above 

numerical example the fo11owing tab1e wou1d be obtained: 

r 
1 o 

i! ProbabiJity of trip 

~~ 
rigin '1 Zo"1e 

1: 
1 2 

'--­r--=-==--=~F=----=-

T IJ 

1 

Zone 1 11 .50 .30 
11 --, 

1 

Zone 2 
ll 

.so 1 .30 
1 

to :lest. zone in 

3=r=:= - ---
.15 .04 

.15 Ml 

ring 

5 
1 
1 

.01 

.01 
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The calculation of attractors was left unaltered., The results of this mcxlifica-

tion were substantial, with the value of e
1 

falling from 18.9 to 0.91 while 

changes in sorne· sub-area alloc:ations w~rc as great as SO%. 

The discussion thus far has described rnodificatíons and test¡; of th- al location 

íunction for households. In the IPLUN model a similar prccedure is uscd for the 

allocation of ''local-:>erving 11 employment. In this c.;.se, instead of \·mrk-to-home 

\ 

trips, the model is concerned with home-to-shop trips. The sarne modifications 

discussed above with referenct; to households were introduced into the ernployme~t 

allocation. This time a fourth IPLlJM run was made. This, of cource, re~ulted 

in significant changes in che employment estünates, and subsequent changes in the 

population estimates¡ Tile value of e
1 

for this 1~n was 1.000. The incremental 

''unconstrained" dwelling unit allocations from the above runs are tabulated below. 

--
1 Run-1 Rcn-2 Run-3 

.------- --

----, 
- ~~n-~--~ 

--~·-------

San Francisco 65 J 531 66,097 64,0 85 48,989 
1>1a rin 40,261 40,350 31,4 90 32,448 
San Nateo 76,361 7ó,566 102,7 25 110,302 
Sonoma 102,954 103,370 L~8, 6 52 68,910 
Napa 26,000 26,057 12,7 09 14,607 
Solano 59,493 59,521 32,5 64 3L~,996 

Contia Costa 47,736 47,630 37,4 12 39,153 
Sant<.l Clar..:t 123,035 122,391 223,0 91 191,712 
A lcmcda 97,129 96 '7 50 70,3 18 81,100 
TOTAL 638,493 63'8 '72 7 623,~ 42 622,213 

el 19.204 
1 

18.980 0.9 

- 1 
12 I 1.000 

The d ifferent runs were: 

Run-1 Base run 

Run-2 Sum of probabilities constrained to 1.00 



Run-3 

Run-4 

Same, plus probability of a trip of a given length is the same for 
any origin - for households only. 

Sane as Run-3 but exténded to employment as well as households 
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TI1e results of these runs in terms of incremental "unconstrained" local-serving 

employment are tabulated below. 

San Francisco 1 
Narin 
San rlateo 
Sonoma 
Napa 
So] .mo 
Conlia Costa 
S:: ni :-¡ C 1 .:1 r a 

Alc·ncc!a 

TOTAL 

1 

' 1 

1 -----r-
1 

1 ---

l 
] 

6 

R un-1 

--
70,5"/7 
15,311 
26, 53/f 
24,668 

9,003 
33,664 
39,470 
72,116 
12 ,!d 1 
03,767 

0.596 

I R~n~2 Run-3 Run-4 

:~4,62f1 
= 

173,508 104,060 
15,305 8,311 13,157 
26,329 23,447 57,021 
24,995 13,316 ' 41,165 

9 ,.036 lf, 996 1 10,297 
1 

33,666 16,364 21) 2 50 
3 9, 218 34,151 ! 39,163 

170,389 259,433 ¡ 216,827 
111,32 7 89,124 1 100,830 

' 
603,766 603,765 ' 603,766 1 

0.596 ·--~03 ·1 0.591 

With this form of the allocation function, several test runs of the model were 

made and runs of the model package were undertaken. After two rounds of the full 

model package were completed it was clear that there was excessive instability in 

the system which would have to be eliminated. In particular, about 10% of the 

zones showed substantial forecast oscillations in iterations 3, 4, and 5. 

The first factor to be investigated in this regard was the manner by which the 

trips (both work and shop) were loaded on the networks between IPL~1 runs. In the 

early vers ion of the model package a11 of the trips generated in a run of IPLUM 

were subsequently loaded (by an incremental procedure) on the network. The travel 

time characteristics of this network were then used as· input to the succeeding 

run of IPLUM. The incremental procedure used in the loading of networks loaás 40%, 

- 3 40%, and 20% of the projected trips onto the network ~n three passes. 

3 See Appendix ~-2 
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It was hypothes ized that, in case~ where success ive iterations of !PLUM d. id not 

produce extremely different configurations of land use, the consequent trip 

matrices tl1ould not show extreme differences either. If this \•Jece indeed the case 

then it would be possible to effect a 30% reduction in compu~er usage for the 

network loadings by using a marginal loading procedure. This procedure could 

operate as follows: 

l. Hhen load ing the network with trip.s generated by i te ration (N) of IPLUM 

save the infonri.é'.tion for both t:he 80% loaded and the 100% (fu] ly: J o~ded 

networks. 

2) Use the infonnation from the fully loaded network as input to the (N+l)tb 

iteration of IPLUM and generate a new land use allocation and new trip 

matrices. 

3) Calculate the difference, O.D. pair by O.D. pair, between the trip 

matrices generated in the (N+l)th IPLUM iteration and 80% of the trips 

in the trip ma":rices generated in the (N)th iteration of IPLUH. 

, 
4) ,This new matrix of trips (differences) is then added to the 80% loaded 

network (wh ich was saved) from the (N) th i teration of IPLUH. The 80% 

loaded network is still saved and the ne\-J fully loaded network character-

istics are used as input to the (N+2) th iteration of IPLUH. 

5) This process is repeated in successive iterations. This new marginal 

loading procedure, after sorne modificdtions to the network programs 

package was adopted for future runs. 

In Round II of the integrated package runs, the use of this marginal network 

loading procedure was initiated after the second iteration of !PLUM, for input to 

the thirJ itetation. In the fourth iteration of IPLUM in this Round, certain 

zones displayed considerable instabllity ,,·ith regard to their population alluca-

tions. Be cause of the extreme complexity of the complete model package, i.t was 

• 1 • 
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not p~ssible to determine ?Y inspection what the source of this instability was. 

For reasons which, at the time of this writing, are no longer apparent, the third 

and fourth iterat'ions in this round were given the suffix B and are henceforth 

identified as II.3B and II.4B respectively. 

An important procedure for investigating complex systems involves attempting to 

separatc or isolate components of the system in order to localize sources of error 

\ 

or instability. In line with this notion it was decided to prepare an alternate 

version of Round II which did not use the marginal network loading procedure 

described above, but which used the straight-fo1vard full loading of the network 

between each iteration of !PLUM. Since the marginal procedure had only been 

used to produce network inputs to runs 11.3B and II.4B of !PLUM, it was only 

· necessary to start this new version of Round 11 after run 11.2 of IPLUM Three 

subsequent iterations were run, and are hereafter referred as II.3a, II.4A, an~ 

II.SA (again the reason for the choice of the suffix A has been lost in the mists 

of time). The land use allocations produced in runs II.3A and I1.4A were only 

slightly different from those of II.3B and II.4B, and still demonstrated the 

instability which had been present before. Run II.SA was made in order to 

determine if the instability might have been a transient effect, but unfortunately 

it persisted. Tables 1, 7. and Figures 1, 2 show the outputs of these runs. 

Closer inspection of the model runs indicated that the apparent instabilities 

were showing up in only a small number of the 291 zones in the San Francisco Bay 

' Area (being used as the data base for the model runs). A telephone call to the 

Association of Bay Area Governments (ABAG) in San Francisco revealed that the 

two zones which were showing the largest oscillations were zones in which there 

actually was a great deal of development taking place in the Bay Area. Though 

this statement was reassuring, it did not solve the instability problem. Further 

examination of.the changes of network impedances to the oscillating zones 



II.lA II.2A II.3A II.4A II.SA 

1965 1980 - (1) 1980 - (2) 1980 - (3) 1980 - {4) 
1 

1980 - (5) 
-

San Francisco 754,754 759,821 0.67 762,455 1.02 759,217 0.59 760,607 o. 78 758,369 0.48 

}:arin 192,523 313 '982 63.1 251,919 
1 

30.9 360,995 87.5 ¡,20,628 14:6 
1 

362,523 88.3 

·-1 

! LSan !~: 553,271 840,265 51.9 719,364 30.0 858,236 55.1 l 678.678 22.7 781,160 
1 

41.2 

1 
Sot1o:::la 167,497 440,337 162.9 1 255,273. 52.{,. 670,765 300.5 240,4:?.6 43,5 782,643 

1 

367.3 J 1 
. 

1 1 

1---
1 

Napa 69,378 118,582 70.9 162,268 133.9 155,177 123.7 95,049 37 .o Z37,311 242.1 

Solano 
1 

149,356 223,074 49.3 351,312 135,2 223,454 4:1.6 J:31,38J. 54.9 378,531 153,4 
1 

1 

l 1 Contra Costa 534,056 655,638 22.8 771,037 44.4 616,419 15,4 817,730 53.2 611,018 
14.4 ~ 1 

S<!nta Clara 922,357 1,412,834 53.2 1,348,370 46.2 1,408,025 52.7 1,275,817 38.3 1,260,181 36.6 
1 

Ale::neda 1,095,236 1,643,003 50.0 1,364,748 24.6 1,355,254 23.7 2,057,224 90.6 1,235,809 28.3 

TOTAL 4,438,358 6,407,472 
1 

44.4 6,407,476 44.4 6,407,465 44.4 6,407,477 44.4 6,407,545 
1 

44.4 
1 1 

* Round IIA : Base Populat1on, Projected Total Population for 1980, and Percent Change l965·19aO. -

* { IIA Series, Full Loading Between !PLUM Runs) 

Table 1 
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II.lB II.:?B 1I.3B II.4B 

-
1965 1980 - (l) 1980 - (2) 1980 - (3) 1980 - (4) 

1 

1 

1 -
760,438 1 0.753 1 1 S'l.n Francisco 754,754 759,821 0.671 762,455 1.02 758,553 1 0.503 

I·Mb ~523 ' 
1 

1 1 

1 
1 1 

-¡·--·-
313,982 63.08 25"!.,919 .?0.85 

1 
341,856 

1 
77.57 

1 
_223 ,377 16.03 

-¡.- j - r 1 
S2n Hateo 

1 
553,271 840,265 51~-~~~~ 30.0 

1 787,382 42.3 700,.500 26.6 l ' 
1 i -- --- ··- ..., 
i ~ s'on- 1 167,497 1<';0,337 1 16>.9 255,273 52.4 ~23.2 1 244,730 

~-N-,~~~a-·-··--¡ ---69-,-3-78--+~--118 .-5-82-+-~ --i-0-.-9-+-~--l-6-2-, 2_6_8 _ __,1_l_J_3 -. 9-t----19~0, 5t2 1 t----t 3.5.5 

L::~---_-_¡--1 149,386 1 m.o7J___::' t 351,312 ~3-5.-2-r 288,630 i 93.1 -~'·'51 -í 53.7 1 

lf-c_on_t_•_a_c_o_s t-3.--+----5~~05~-·--65_. 5·-· 6-3-88--f 1 __ 2222 •• ! 8-~-; -7 ~~ 03_7_1-¡_4_4_._4·--+'~-·6-·3_5_,4_.,,- l9 .o r . ': ,.,~-¡-~,. 8 j 
S•nto C1ar< 922 ,357 ! 1,4 C2 ,839 53,2 ! 1,345,3 70 1 46.2 1 1,239,020 3<.3 ~,429 ,129l 54.9 

46.1 

Ale::1cda 1,095,236 1,643,003 so.o 1,364,748 24.6 1.457,279 33.~ 1 1,941,722 ¡ 77.3 
¡ 

TOTAL ti ,438,458 6 ,!,07 ,4 72 44.4 6,407,476 44.4 ó,407,l.68 44.4 6,407.474 44.4 

* Round IIB : Base Population, Projectcd Total Population for 1980, and Percent Change 1965-1980 

* ( IIB Series, Pa4~ial Loading Between !PLUM Run3) 
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ind icated that though there were s ignificant changes in impedances ~ these alone 

WOiJld not account for the large changes in popu:J.atiun in these zones. To con-· 

fi.rm this observation, a special run of IPLUivf l>l..tS made. The irr.pedances input to 

nm II.3A and run II.4A were averaged together. The new impedances, the 

arithmet ic averagt:! of the two separa te matrices, were used an input tr.) run li.AVG 

of IPLUH. The expectation was that if the o::;ci llation::> were principally clue to 

che impedance changes, despite the fact that the averaging procedure ignored the 

ncr.1.-linearities of the netuork volume·-delay function, the population allocations 

from II.AVG should be somewhere near the midpoint bet\o~een the population alloca­

tions in II.3A and 1I.4A o The rcsults are shown in Table 3 and are a rather 

emphatic denial of the hypothes is that in those areas where there are problems 

of oscillation, the impcdances may be largely responsible. What was discovered, 

however, was that virtually all of the problem zones tended to be on the fringes 

of the Bay Area and were both large in total area as well as having a high 

percentagc of vacant land. This bit of inform-:1tion led to furthcr investigation 

of the !PLUM allocation function for residents. 

The residential allocation function in IPLUM may be considered as having two 

components o '111e first component deals with the probability of a trip for a 

gjv¿n trip purpose being of a certain length (in terms of travel time and/or cost) 

The second component deals with measures of attractiveness of possible trip 

destinations. The first component had already been thoroughly investigated and 

modifü:d as described above. In this discussion we are concerned only with thc 

second, or att ractors, component of th.:! res ident ia 1 allocat ion function. 

In Goldner's published version of IPLTJH a rather simple formulation is used for 

the measure of a zone 1 s attractiveness. Called a measure of "opportunities", the 

variable ts constructed as follows (using Goldner's notation): 



II.3A II.AVG 

-
San Francisco 759,217 762,101 

Mar in 360,993 244,032 

San Mateo 858,236 753,394 

~·rsonoma 670,765 247,984 

Napa 155,177 102,127 

Solano 223,454 227,754 

Contra Costa 616,419 745,428 

Santa Clara 1,408,025 1,400,946 

~··Alameda 1,355,254 1 '923' 773 

Popu1ation Allocations for 1980, Three Runs of IPLUM 
(·kcounties with oscillation problems) 

Table 3 

II.4A 

760,607 

220-,628 

678,678 

240,426 

95,049 

231,381 

817' 730 

1,275,817 

2,087,224 



79 

= <'")* h(i) a J. ( ") v · a 1 
r 

where: 

Cb (i) = number of opportunities for new residential 
development in zone i 

a (i) = vacant acreage in zone i 
V 

a (i) = res ldential acreage :i.n zone i r 

h (i) = number of housing units in zone i 

This constructed variable is also referred to by Goldner as "thé resi4ential 

holding capacity of the zone 11
• 

While a number of objections might be raísed to this measure of attractivcness, 

our principal concern is with only one detrimental characteristic. It. a :zone 

containing, say, a small town and a large quantity of vacant acreage, the measure 

of opportunities is likely to be quite substantially overstated. That this was 

indeed the case, beca!ne abundam:ly clear on inspection of the troublesome oscil-

lating zones in the model runs described above. That Goldner was aware of this 

problem is clear from statements in his IPLID·! report as well as in several of his 

project's working memoranda. In fact, he proposed a modification to the attractor 

formula which was to compensate for the problem. For reasons nowhere specified, 

he however moved this compensating factor to a part of the IPLUM program where 

it is rarely ever implemented. It is our hypothesis that due to the errors in 

the probability portian of his allocation function, this attractor correction ,.,a~ 

found to be ine ffective or perhaps detremental to the model results and l-'as 

therefore shifted elsewhere in the program. 

The theoretical basis for this attractor correction seems to be based on the 

notion that the zones in which these problems appeared tended to have large 

quantities of vacant land, but lacked the 11 infrastructure" to serve the rapíd 
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development of this land. Goldner's proposed correction factor seems reasonable 

and is described.below in his words: 

"The land development constraint is an approximation to the area 
in the zone served ,by adequate infrastructure, if it were known. 
Zones may have large quantities of vacant land but are still not 
developable due to the time-lag in supplying infrastructure. Utili­
ties, water, sewers, schools, local government service, and other 
elements of the infrastructure cannot be supplied instantly; it takes 
years, sometimes decades for all these elements to be emplaced. For 
zones with relatively little development, the constraint (expressed 
as a proportion between zero and one) should be predominant, but- for 
zones almost totally developed, the constraint should have virtually 
no effect. 

A function with this property is: 

G(x) = (1-e-Jx)/(1-e-3) 

where x is the fraction of usable land developed. This function is invoked 
when zones have little development, but quickly increases so that it has 
a negligible effect with moderate increases in development. For 
example, at zero percent development the constraint is fully binding 
whereas at ten percent development the constraint is almost half .gone." 

This correction factor was then moved. back into the allocation section of our 

version of IPLUM as a modification to the 11attractors" component of the household 

allocation function. 

It will be recalled that the product of the "trip probabilities" and the "attractors" 

is normalized befare being used for the household allocation in IPLUM. This being 

the case, the introduction of the developability correction factor involves simply 

multiplying it times the "attractors" prior to the normalization. Thus the 

modified measure of "opportunities" or "attractors" is: 

where: 

and, where 

'b (i) = 

G(i) 

a (i)* 
V 

h (i) 
a (i) 

r 

1 
-3x(i) 

-e 
-3 

1-e 

*G(i) 

X (i) 
a (i)-a (i)-a (i)-a (i)-ak(i) 

t U S V 
= -a~(i~)---a~(~i7)---a-(~i7)--a~k~(~i~)-

t U S 
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and, where 

'\ (i) = total acreage in zone i 

a , (i) = unusable acreage in zone i 
u 

a (i) = streets ihighways acreage in zone i 
S 

a (i) = vacant (other) acreage in zone i 
V 

a 1 (i) vacant (industrial) acreage in zone ~ 
"-

K 

At this point two test runs of IPLUM with the modified "opportunities" measure 

were undertaken. Reme~bering that the purpose of this investigation was to 

discover the causes for oscillation in the population allocations, the inputs to 

runs II.4A and II.5A were used in two further test runs of the model. Befare 

presenting the results of these runs, mention of the role of population control 

totals in the model is appropriate. In the IPLUM model, as i.s the case with 

virtually all urban land use models, there is a requirement for a regional con-

trol total for population. This value, exogenously supplied, is a constraint 

on the sumrnation of the model's zonal allocations. An implication of this fact, 

with which we are concerned here, is that if from one run to another a particular 

zone shows a considerable de~rease in population while the control total rernains 

unchanged, then it is likely that other zones will have population increeses to 

"absorb'' the population from the decreased zone. The results of the two test runs 

are shown in Table 4 :along with results of relevant other !PLUM runs. Note that 

the same irnpedance inputs were used in run II.4A and run II.4AG, which contained 

the new correction factor. Similarly the ir. 1 ut~ to runs II.SA and II.SAG were 

identical. Frorn these results it appears ~hat oscillations in both the increasing 

and decreasing situations are somewhat damped by the addition of the corr¿ction 

factor. 



II.3A II.4A II.4AG II.5A 

San Francisco 759,217 '-- 760 '607 766,434 758,369 

~ 

Marin 360,995 220,628 225,962 362,523 

San Mateo 858 '~236 678,678 739,142 781' 160 
- ' 

So noma 670,765 240,426 243,444 782,643 

"Napa 155' 177 95,049 89,339 237,311 

Solano 223,454 231,381 240,993 378,531 

Contra Costa 616,416 817' 730 836,125 611,018 

-
Santa Clara 1,408,025 1,275,817 1,398,746 1,260,181 

' 

*Alameda 1,355,254 2,087,224 1,867,354 1,235,809 
--

Comparison of Round II Iterations 4 and 5 With and Without 
Land "Developability" Adjustment "G"--Projected Total Population for 1980. 

Table 4 

II.5AG 

762,909 

406,388 

751,859 

536,659 

183,622 

457,115 

691,476 

1,347,906 

1,273,610 

00 
N 
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Further reflection on the problem of development in large vacant areas has sug-

gested an alternative correction factor. Goldner's correction factor, described 

aboveJ can be shown graphically as: 

1 

l,.O - ----- - -- - -:__;;:..=--1.-
1 

/ 

o. o 1.0 X 

X = developed land/developable land 

G(x) = developability correction factor 

The implication of this form is that for largely undeveloped zones very small. 

differences in X result in very substantial differences in developability. Once, 

however, substantial development has taken place in a zone, further development 

results in substantially smaller increases in developability. It is, however, 

probable that developability increases rather slowly as X increases until sorne 

threshold level is reached. At that point small additional increases in X result 

in large increases in developability until a substantial level of development is 

reached, at which point the curve ~.;ould flatten out. 1his notion is shown 

graphically below. 
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i.() 

o.o 1.0 X 

This hypothesis was investigated as a student project with programming and com-
. 

puter time support frorn,this project. The results are reported in Appendix C-2. 

In surnmary, after further investigation of the !PLUM household allocation procedure 

and the results thereof, it was decided that further modificaticn was necessary. 

Based on earlier, and subsequently deleted, work of Goldner; a correction factor, 

presumably a surrogate measure of infrastructure was introduced. This factor 

has the property of damping the attractiveness of fringe areas of the region which 

contain large quantities of vacant acreage; portions of which are not really ready 

for the developrnent which, in the absence of the correction factor, the model 

would forecast. The introduction of this correction factor appears to have pro-

duced the desired effects in the model runs. A second investigation of a revised 

form of the correction factor was undertaken and seerns to yleld even better results 

This information became available too late to be included in the model runs for 

this project,. but th is new funct ion should be used in future uorl< wi th the model. 
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Possible Extensions to !PLUM 

In the proposal,prepared for this project, mention was made of a recognized need 

to irnprove the conceptual basü: of the PLUM and !PLUM models. In particular, .' 

uention was rnade of attempting to use notions derived from the Herbert~·stcvens 

m;:;.del, as modified at the University of Pennsylvania, for portions of the prOJéct 

4-
analyses. In fa;::t, as one of the earlier project activities a prototype version 

tif the Herbert-Stevens model was linked to the network rnodel in the same mauner 

él.':> -was first done fcr the !PLUM model. 111is specific work with the Het·bert-

Stevens model wa~ not carried any further. 

In line with this same work the question was raised as to how greater conceptual 

richness could be included in the IPLUM model. Attention was again d irected to 

the allocation functions, this time with disaggregation of the household types 

and expansion of the structure of the attractiveness measures in mind. First a 

more detailed look was taken at the TOMH III model. The Time Oriented Hetropoli-

tan Model was one of the first Lowry derivative models, and one of the most 
5 ' 

substantively significant. _ This model, developed by Crecine. was intended 

for use in Pittsburgh and was to have heen a key component of a large, comprehen-

sive~ model system. Unfortunately, the contract was terrninated befare the model 

system was cornpleted and, for that matter, before TOMM was calibrated. None the 

lcss, prototype v-=rsions of the model were tested and the substantive differences 

between this model and its progenitor are important and worth discussing. 

First, and most important, was the fact that TOMM was an incremental rnodel rather 

than an "instant-l!letropol is 11 model. In the TOMM rnodel, l.;hich was intended for 

projection purposes, the base year distributions of all activities are includcd 

4 See (7) 

5 See (3 ) , (5), and (9) 
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as determinants of the projection year's distributions of activities. The 

essential notion here is that, in contradistinction to the original Lowry model, 

not all households nor all 11non-bas ic" employment is "free 11 to move in any given 

projection period, regardless of its length e.g. 5 or 10 years. Second, rather 

than treating population as homogeneous, the TOMM model disaggregates pqpulation 

into several types. 

1 
Referring first to the original TOMM model, the total household allocation func-

tion is rather simple, being strictly a function of access to employmento This 

allocation is embedded in a more complex process which should be described. 

First the land available for reallocation is calculated for each tract (zone). 

This is simply the total land minus, the sum of exogenously determined land use 

and the stable proportions of residential and'cornmercial land use. As in the 

Lowry model, commercial land use is assumed to be preemptive vis-a-vis residentia. 

land use. Consequently, once the reallocable cornmercial land is calculated, the 

remaining reallocable land is for residential purposes. 

The actual residential allocation in the model is done in terms of residential 

densities. ·That is, using Crecine's notation: 

where 

H* 
N. t ] , 

H* A. 
],t 

g 

E. 
1,t 

Y .• 
1,] 

= 

= 

= 

g ~ (E. t/Y .. ) 
. 1, 1,] 
1 

Total number of households 

Total residential land in 

in 

zone 

a scaling factor ( constant) 

zone j 

j at 

total employment in zone i at time t 

trip index between zones i and j 

at time t 

time t 



Note that) 

H 
N. 't J, 

Analogously, 

AH 
j,t 

1 

= H* 
N. r 
J' -

H* 
N j, t-1 

~ number of reallocated households in zone j at t~e t 

H* H* 
Aj,t - Aj,t-1 

There are several constraints '\vhich oper:ate 

1 A constraint on max~~um density • ..... 
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2. A r.1inimum household¿ constraint, corresponding to the stable households. ,. 

3. A constraint 011 thé total number of households in che region, to which 

the sum of the zortes is scaled by the factor g. 

1~e model first calculates a residential density allocation for each zone and / 

scales their sum to the regional total. Then the stable households (mínimum) 

constraint is applied~ r Then a maximum residential density constraint is applied, 

with any excess being reallocated to all other tracts in propo~tion to their 

existing all~cations. 

The third important d ifference between TOMN and Lowry is that in add ition to 

disaggregating households, TO~lli uses a measure of arnenities, albeit very rnuch 

s implified, to determine the dis t ribution of household types. In particular, 

given the total numbers of reallocated households per zone, the number of house-

holds of each type in each zone is postulated to be a function of the base year 

number of households of that type, and hóusehold specific work trip propensities. 

The equation is 

NHl 
[Pl 

Hlic 
¿(E. /Y .. )] = r. N. l + wl j,t J J,t- . 1, 1J 
1 

where tf\ = number of reallocated households of type 1 in 
J, area j at time t' 



Where p
1 

and w
1 

are exogenously determined constants, and rj is a scale factor 

such that the sum of all household types in a zone equals the total households 
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in the zone (as previously estimated). The model then passes to the calculation 

of the "non-basic" employrnent allocations. 

At a somewhat later date TOMM was slightly modified with respect to the alloca­

tion of household types within tractso 6 The household specific work trip 
\ 

propensities were deletedo Again, given the total numbers of reallocated house-

holds per zone, the number of each household type which were in that zone in the 

base year. The equation is (using the above· notation). 

where p
1 

k is a matrix of household type-to-household. t}"pe attractiveness índice· 
' 

The investigation of this household type specific calculation was carried further 

in another effort. 7 In this case the numbers of each household in each zone were 

postulated to be a function of: 1) the numbers of-each household type which were 

in the zone in the base year, 2) the percent that each household type was of the 

total households in the zone in the base year, 3) population potential for each 

household type, 4) employment potential. These last two variables are not de-

fined in the reference, but are probably sorne form of work-trip-accessibility 

measure. Attempts to calibrate these functions were not particularly successful. 

Several years after the publication of TOMM, Crecine published a description of 

8 
a more sophisticated version of the model which is referred to as TOMM-III. 

The principal difference between this model and the earlier version was an enormous 

6 See ( 2) 

7 See ( 8 ) 

8 See ( 4) 



increase in the sophis::ication (and complexity) of the amenities measures used 

for allocation of households, by type, to zo~es. While there are other minor 
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'differences, they are of no substantive significance. Yne household typc•s ar·e 

allocated directly to zoaes, by type, rather than the two-step process of first 

allocating total households to zone and then disaggregating, whfch ís used in th~ 

earlier versions of TOMM. A triul value of houscholds • by type and zone, fs 

calculated based on the 11stable" household:-; in arder to start the model. 's 

iterative prÓcess. The actual household allocation is a funct:iou of ten inJe­

pendent variable:i. 
9 

The notation of this function is too complex to be wor-th 

repeating here. The variables US•.'!rl, in an additive linear function, to forecast 

location of type to households in zone I at time t, are 

l. Accessibility to exogenous beaurocratic employrnent, from zone I 

2. Access ibil ity to exogenous industrial employment, from zone I 

3. Accessibility to endogenous ccm~ercial employment, from zone I 

4. Housing prices~in zone I 

5. Percent change of household type L in zone I from time t-2 to time t-1 

6. A measure of ·household demand potential in zone I 

7. Index of deterioration of structure in zone I 

8. Index of public school facilities in zone I 

9. Index of other public facilities in zone I 

10. Percentage of region's cotal households of type L which were in zone I 

at time t-1 

This is an unusually long list of indepe11dent variables and raises strong doubts 

about the likelihood of ever achieving successful calibration. Crecine asserts 

that sorne attempt was made to calibrate portions of the model with data from 

Lansing, Michigan, but it is evident that much work remains before this r.~odel 

is really calibrated. 

9 See (4 ) pp. 38-39 



Having reviewed the development and final form of the TOMM models, it was 

rather clear that the long list of independent variables made it very unlikely 

that the model, or an adaptation of its allocation function for use in !PLUM 
" ' 

could be calibrated for this project. Since it was also true that neither PLUM 

nor !PLUM had ever really been calibrated, the question became one of where the 

efforts might best be spent. 

Explorations were made into the problems of calibrating PLUM or !PLUM. It was 

determined that most of the model's parameters are ratios of various items of 

base year data, one to another. These had been previously calculated by Goldner 

during the development of the model. The trip distributions did, however, seem 

to require more complete statistical estúnation and provisions were made to 

obtain the necessary data todo this. Unfortunately the actual work was not 

undertaken as part of this project due to the press of other requirements. 

Another investigation was made into the possibility of extending the formulation 

of the household allocation function to include measures of locational amenities 

along the lines attempted for TO~W III as described above. At the same time it 

was hoped to disaggregate the population into several classes. Consequently an 

effort was undertaken to perform an empirical analysis aimed at disaggregating 

and extending the !PLUM household allocation functions. A series of tests were 

done result•s cf whi'ch· are summarized below. 

Households were disaggregated, by income class, into four types: 

Household type 1 Annual family in come < $5,000 

Household type 2 Annual family in come $5,001- $10,000 

Household type 3 Annual family in come $10,001- $15,000 

Household type 4 Annual family in come in come > $15,000 

This classification is somewhat arbitrary and, no doubt, other classifications 

could be selected which would probably yield similar results. The only readily 
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available amenities data conGerned housing and land use. Transportation data, as 

explicit variables, were excluded from the.analysis pending the amenities results. 

The variables available t..¡ere, by zone; 

xl % famil:Les w-ith :income $10k ._.. $15k 

xz % fanlilies with incomt! < $5k 

x3 91_ .. families with in come $5k .... $10k 

x4 'Y. .o families with in come > $15k 

xs - % o"Wner occupied res idences 

x6 - % single family dwelling units 

x7 - % > lO dwelling units per structure 

XB - % structur.es buil t be fore 1939 

x9 - % structures :'.n sound cond ition 

x
10 

- median r.oons per dwe11ing unit 

X ~ 1 d . h 1 > 15° 
11 - ~ an w1t s ope 

x12 - average elevation of land 

xl3 - amount of water frontage 

x
14 

- % gross residential land use 

x
15 

- % basic employment land use 

x
16 

- gross residential acres/basic acres 

x17 - % vacant land 

x
18 

- net residential density 

x
19 

- median valuation 

x
20 

- amount of unusable land 

x
21 

- gross resid~ntial acres 

x22 - unusabl~ acres/gross residential acres 

x
23 

- % unusable land 



x
1

, x2 , x3 , and x4 were each used·,as a dependent variable and, t·;ugh not in the 

same equation, as an independent variable. All other variables ~2re used only 

as independent variables. Stepwise multiple regression procedur~3 were used for 

this analysis, resulting in the fo1lowing equations (variables ~~th non-significant 

coefficients are deleted) 

For families with income < $5k 
\ 

x2 = - o.61 x1 + o.25 x
3 

- o.Jo x
5 

- o.58 x
9 

+ 0.19 x15 + 0.20 x17 + 0.93 

For farni1ies with income $5k ~ $10k 

x3 = 1.62 x1 + 0.18 x2 - o.s5 x4 - 0.17 x8 

- 0.41 x9 + 0.001 x18 - o.oooo2 x19 + o.9o 

For farnilies with income $10k ~ %15k 

+ o.16 x7 + o.oooo7 x12 + o.o4 x14 

- o.ooo6 x18 + o.ooooo1 x19 - o.o9 

For families with income > $15k 

x
4 

= o.68 x
1 

- 0.22 x3 - o.14 x7 

- o.o5 x11 + o.oooo1 x19 + o.16 

2 
(r = 0.64) 

2 
(r = 0.68) 

2 
(r = 0.81) 

2 
(r = 0.67) 

The key point here, is that these rather preliminnry efforts 

indicate the feasibility of both disaggregating the population s~ctor as we11 

as expanding the number of explanatory variables in the householJ allocation 

function. More theoretica1 work is clearly desirable here~ esp~~ially with 

regard to questions of how the transportation variables are to b~ included. 
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These empírica! re~ults may already subsume the effects of transportation facili­

ties, in which case very little improvement in "eJ~planation" of variance will 

be obtained by introducing say, accest: measures. If this ,.;ere the case then it 

would be necessary to investigate what additional variables shonld be included 

and, in what way. All this remains to be undert<·dten in future resea.rch. 

:fransoortation Networ.ks and 'ft'~.E_ Gen~.Eation 

1 

The v~oject 1 s e ffcrts to ma.ke t:""le feedback connections which are so irnportant a 

feature of the final model package involved quite detailed examination of the 

state-of-the-art of tranSJ?Ortation net.work procedures and packages. In the 

course of these exam.inations it Lecame quite oovious that there is a Vt!ry 

great gap bet\.;een what little micro-descriptive theory of traveller behavior 

exists, and the rather arbitrary pr'oéedures used by transportation packages. 

It was beyond the scope of this project to attempt to remedy this situation, but 

this is a set of problems which very clearly require further investigationo As 

fu.cther work su.ch as this project 's is undertaken~ the gaps in theory of these 

network procedures Hill becor.1e in creas ingly critica l. Several examples 1.he 

types of problems encountered are given below. 

For the transportation networks the project received from M.T.C., the intra-

zonal and tenninal irnpedances ,.;ere apparently· estimated by a combination of 

obse:::vation and educated guesswork--both completely outside the network. t.re were 

supplied with a vector and a vector of intrazonal times which are to replace the 

diagonal elements of the matrix. Whi.Je this was perhaps suitable for the free 

flow net\-lOrk, it is not suítabl.e for the loaded network derived from a capacity 

cons trained load J.ng procedure sin ce both tetminal and intra-zonal times would 

be invarient under differer.t loading conditions. This in turn could cauae a 

serious mis-estimation of t:he allocation functions in PLUM and !PLUM. 
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The network package corild include a combined intra-zonal and terminal time, if 

the load node had only one link. The impedance of this link would be automatically 

added to every 'patñ connecting to the load node. This impedance then also serves 

as the intra-zonál time. To sorne extent this would still be an inaccurate repre­

sentation, since sorne components of terminal times (e.g. parking fees) should be 

invariant und/er loading of the network while others should vary with varying 

loads. Unfortunately, we have no information on the determination of the 

terminal ahd intra-zonal times. 

The Bay Area networks have load nodes imbedded in the network, with usually three 

or four links per node. This causes errors in the final impedance matrix insofar 

as the diagonal elements do not represent an intra-zonal time--merely an arbitrary 

link time--and the matrix as a whole does not include terminal times. TI1is 

"error" however is corrected in a later program that inserts the appropriate 

values. 

To utilize our network program in this way, durrnny load links would have. to be 

codea for each network. The link impedances would be sorne combination of the 

supplied intra-zonal and terminal times. Further, assumptions would have to be 

made with regard to the capacities of these links. If given a large capacity, 

there would never.be any volume delays. If the capacity was too small, the 

volume delays would be excessive. In the wide middle ground, there is no 

criterion for choosing one capacity over another. Coding tnese links would have 

required substantial map work, rerunning of the network cod~ng program, and 

retracing of the free flow mínimum paths. It should be not~d that the practice 

of imbedding load nodes into the network is described in th~ FHWA network package 

manual. It is probable that users of our package would have to modify their 

networks in a s~milar fashion. (The FHWA package ~~has no provision for 

intra-zonal times. This may cause problems for FID~A users of PLUM and IPLUM.) 
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1,,;o solutiofts outs id e the net"t.;or<< pacl,age have arisen, One, suggested ir. the 

FHí·fA manuál, would be to use 50~~ (or sorne other percentage) of the a'1erage 

im¡Jeáanc:e from eac!-{ zone to all contigu0us zones. Implementing this solution ~~ould 

ha ve required the p::-epa::-2.t ior: of ,:t zo.1e contiguity ¡;able. The secon{l solution 

was to veight the free fi.ow intra-~oual irnped;:mces by the :werage pe.cu!nt cha.nge 

due to volurne dclays in the load links. This S'Jlution Has implemented ar.d 1s now 

an integral part (Jf the mode 1 p.:-1.cl<-age. 

An0ther question \vhich was consi.dered was tha:c cf procedures fo1: 1nodel split 

calculation. There we:re thre.:: basic alternatives availableo Firstly, it was 

possi.ble to try to develop estimati:q; equaticns based on data from the 3~.TSC 

Jíl)usehold S:1~-vey. Secondly~ the use of accessibility ratics could have been 

explored, Thirdly, a regional avecage for transit use could have been obtained, 

and then applied to ever:y zorte.. These are now discussed in more cletail. 

F'J..rst, regarding, the develop•;.ent of estjmating equations, the Household S~rvey 

had information on car ownership; incorne, and modal split on a zonal basis though 

the quality of the daca was unknown, and there rnay have been a problern vlith 

re lating survey zones to IPLUM zones. Frorn this, it should ha ve been poss ible 

to develop rcgression equations to estímate mode sp] it. In order to u~e this equa-

tion for forecasts, it would have been necessary to forecast the indepcmlent 

variables. 1nis would probably best be done by making a regional pr6Jectiorí (for 

' car ownership, incorne, etc.) and ápplying the sarne prol?ortionate int::.-eme,1t to all 

zones in the modes. Thls ?r0cedure v,Jould: have had the advantage of providing scn~c 

ínter-zonal varia-cion in t!·ar.1::it u'sage, and the disadvantage that the forecasting 

procedures would tend to ossify 1:hat variation. 
! 

Seconr.!, regardir:g the ._,se of accessibility ratios, the idea behind accessib.Llity/Y 
1 

ratios is that they use an index of the =elative attractivencss of tran3it a1~ 
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prívate auto as a majar éxplanatory factor in mOdal split. The advantage of 

using it for this proje'ct was that it might have helped in assessing the effect of 

auto congestion on transit usage. The objections were twofold. Firstly, it 

would have required tontinual iriteraction between the traffic assignment model 

and mode split modei befare an estímate of equilibril..ml transit usage could have 

been obta~ned. Se¿ondly, on the basis of NCHRP work, there did not appear to be 

a significant r.ela'tionship between accessibility ratio and transit usage. 

Finally, with regard to regional averages, the BATSC Survey provided data on the 

numbers of auto and transit travelers over the period 1940-65. It would have 

been possible from this to extrapolate in crude fashion the future transit usage, 

and apply this equally to all zones. This procedure had the advantage of 

simplicity and the disadvantage that variation between zones would be lost. As 

it was, the decision as to which of these methods would be used never needed to 

be made since, as will be described below, the transit network data were never 

a practical proposition for use on this project. 

The following, quoted from a memo by P. Kuner of the project staff, describes 

the situation with regard to the transit network data. 

11Th e exact state of the trans it networks is confus ing at best. 
Basically, it will be difficult to make the networks usable, and once 
done, they will be of little value to the research. The reason for 
this is that they are not designed to respond to different levels of 
loading. The 1965 network is not designed to be loaded at al1 (on1y 
to produce interzona1 impedances), ~nd the 1980 and 1990 networks may 
be loaded only to produce uti1ization rates for se1ected routes, not 
to show changes under load. The networks would be va1uable to us 
only if we wished to test modifications to them, and if we were ab1e 
to divert trips from auto to transit vía sorne function of their 
comparative impedances. Since at present we are not ab1e t9 do 
this, the networks thems,e1ves are of little value. The impedance 
matrices produced by tr~e tracing on the networks, however, are of 
value. We presently possess the fare and time data necessary to con­
struct them without using t~e netJorks. 

1965 G Transit Nerlwork ~ This network is presently coded as a 
CDC 3600 TRANPLAN high~ay ne~ork, and was last run (with unspecified 
difficulties) in 1968. It is in binary form, which is unreadable by 



our comp'uter. To obtain it, in readable fórm, we would ha ve to get 
someone' in éalifor!lia to lvrit.; a program that would transform it to BCD 
or EBcDIC, and put it on tape. 

We presently possess on tape, card images of several files that 
were used to make the final net~crk. Processing these files involves 
cli;;mging 'all the node numbers to éot·respond to "l-'f.AP zone numbers where 
possiblE!, inserting links by hand where correspondance is not possible, 
and making m:Í:scellaneous corrections. The final product would have to 
be compared to a listing that we have on microfilm for verificatj.on. 
'l}lis processing involves severa! programs and a lot of hard work. 

Given the final C net:Work, ho~o1ever obtained, severa:! problems 
still exist. First, the net~ork as it stands can not be run on 
either our package or the' BPR package. Recoding it fo'r our prog~ams 
requires use of X,Y coor-dtnates for all the nodes. These exist only 
for the MAP nades, whicit are only 273 of the 494 Transft nodés. I 
believe that the balanée of the nodes could be handled mechanicálly 
by some sort of progra·m, but I am aot pos_itive. At the worst ,~ "'e 
would: have to look up che nades on a map and estímate the coo'rdinates. 
Next, the network employs turn perialties to prevent trips ftom 
ilegally changing frbm one route to another. (Mariy routes share the 
same nades). Our ptogram can not handle turn perialties s~ we would 
have to insert dummy links and nades for these cases. 

/ 

An alternative to these procedures would be to'utilize the BPR 
package (which can accomodate turn penalties). I have not investi­
gated it in detail, but I believe tha-c converting the network to 
BPR format and getting ít operational on our computer would be as 
much work as converting it to our format. In addition, the BPR for­
mat is incompatible with the other progrrun in the model syst~n. 

1980 X and 1990 Y Networks These networks are coded in an 
entirely dífferent fashion than the G network. Like the G network, 
no coordinates exist for the nades making it difficult to use with 
our program. 

Instead of turn penalties, the networks are designed to be run 
on a program that can accorrnnodate many different routes sharing -che 
same línks and nades. We have a listing of this program, and 
probably we should use it rather than attempt to recade thc networks. 
TI1ís would involve conversion from GDC FORTRAN to IBM FORTRAN and 
should be fairly easy, al though the program does use certain 
language features specífic to the CDC computer. The output of this 
program could be mod ified to be compatible with our other programs. 

It should be noted that this summary of the network ls quite 
simplified, e.g. there are two preprocessíng programs that must be 
run befare running the X or Y networks; somehow we will have to insert 
waiting times if there is a route change and these times are depen­
dent upon headways which are dependent on the time of day which is 
being símulated; much data to correc.t the G network is available only 
on paper and will require keypunch and verification, and so forth." 
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Consequently, given the other tasks which needed to be done, and the project 

resources available, it was decided to omit transit networks from this version 

of the model package. 

Various aspects of the trip generation procedures have been discussed in earlier 

sections of this chapter and in Chapter III. These procedures are also described, 

iri somewhat more operational terms, in Volume 2 None the less, a few 

domments on these parts of the package are appropriate here. 

It will be recalled that in order to link the traffic network model and the land 

use model, it is necessary to obtain estimates of trip generation from the output 

of IPLUM. TI1ese trips are used to load the network and recalculate zone-to-zone 

travel times. The travel times obtained in this fashion are used in conjunction 

with estimates of transit times to give the zone to zone impedance for use in 

!PLUM. 

The conceptual basis of residential models such as PLUM and IPLUM is that the 

locational behavior is governed largely (or entirely) by the journey to work 

time. This suggests that the interzonal travel times should be based on rush 

hour traffic volumes, when most work trips take place. This procedure also has 

the advantage that it deals with the traffic network at its most congested time, 

and so the effects of changes in land use controls or the road network or 

congestion can readily be monitored. 

The network is more heavily loaded durirlg the afternoon rush hour than in the 

morning. The B.A.T.S.C. Home Inte~iew showed approximately 740,000 auto and 

' 
transit trips starting in the period 7:00 a.m. to 8:00 a.m. and approximately 

900,000 in the period 4:00p.m. to 5:00 p.m.
1° Consequent1y, it was decided to 

10 See ( 1 ) pp. 25-30. 
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calculate impedances on the basis of afternoon (4:30 p.m. to 5:30 p.m.) traffic. 

r;;oser investigation of the Home Interview tesults shows that ouly abo.ut 35% of 

t:\-:~ total trip start:s in !:he periód /~:·30 p.m. to 5:30 p.m. are home based work 

trips. A[ter allowing for the r:l..lTilber of transit and \<Jalking trips and for car 

occupancy rar:es, home based work trip~: acco· .. mt for 46% of all auto trips on the 

netvu~rk; but this still leaves t.he rrajority of. a.ll tri..ps unaccounted ior. 

~1'c .~.·emain~-ng trips are d ivided among the eíght trip categoríes used by the 

n ..t .. ~T .s .e. Home Iutervü.w. 1'ht! lal·gest single category amongst these is non-home 

based trips. This caus~s considerable modelling próblems, fo:: while most of 

the other categories (giver: the kno~vledge that t:hey either begin or end at home, 

and that: they end in sorne c.entrnl place, such as a shopping cente:c or ofiice com­

plex) can be (with a little willing suspension of disbelief) fitted into a 

generalized retail category, neither the origins uor the destinations of the 

non~home based trips are known. In fact, it is likely that the orígins and 

destlnat ions could be obtained by consulting the full household interviev1 tapes. 

However, for the purposes of obtaining r.ough estimates of trip generation, it has 

been ass1.nned that these trips origina te at work, and ha ve a shopping center as an 

interrnediate destinacion and home as a final destination. In later work it may 

be possible to refine this treatment. 

'The remaining trips can, with one or two qualificat ions be aggregated and 

treated in a fashion analogous to that used i.n retail trade gravity models. 

School trips are not susceptible to this treat1nent, since most schuols draw thcir 

pupils from a distinct dístrict nc.ar the school and not: trom a large :rEg .... on in 

competition with other scho•::>Ls as i.vould be irnplied by a gravity model. However, 

school trips are relatively uni:IT.portant traffic generators during the evening 

rush hour, and can be ignored. It abo appears that while social trips may be 
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su:•~ cpt :lb le to gravity model treat;nent, since they could be expected to diffuse 

acn'::n n rcgion, they are probably of a different nature from the other trips in 

th:ll t lH'Y are not made to specific centers. There are two options he re: 

(1) dcsign a gravity model specially for social trips with population as attractors 

(2) t rcnt them as if they were "shopping" trips. The second option may not be as 

bn•l 11 :~ it sounds s ince if zonal shopping floor space bears any reasonable porpor­

ti~'" lo zonal population the distribution of trips would probably work out to 

be \'l'l"Y similar. The remaining five categories can reasonably be combined into a 

sinrh• catcgory and distributed by use of a gravity model. The possible exception 

to this is Free Recreation which might reasonably be expected to include trips 

to tlll' shore or to public parks, which might not correlate at all with the desti­

ntlt i.ms of shopping trips or prívate busin~ss. However, this is a relatively 

sm.:dl category and probably not too much is lost by treating it in this way. 

Furtht'l' problems arase in making the transition from the network model to the land 

u~l' 1n0-lel. The impedance measure used in the land use model is taken to repre­

s~·::t the difficulty of moving from one zone to another. This has to be a combi­

n.:.t ü'n of auto travel time and transit. It also has to take into account the 

f.:..:t that only about 55% of work trips take place in the afternoon rush hour, 

an.: th3t nearly half the workers will face entirely different impedances. If the 

ru,:;!1 hour impedances are used, then the model would tend to loca te that 45% of 

,,,,:·\,.,•rs much closer to their work than would otherwise be the case if impedances 

e~ ~l. lcss highly loaded network were used. A further, though possibly minar 

·d:.:'~iculty is that it cannot simply be asswned that a constant proportion of all 

.., •. ·:·:, trips take place at rush hour regardless of location. Typically, work 

t:·:;·~ to manufacturing would take place at a different time fron work trips to 

c-:':'i~·cs or retail centers, and failure to take account of this could produce· 

.:>:-:-.•:1.-.-.. us network load ings. The following paragraphs describe in more detail the 

c:..:-:""<'l:t procedures for treatment of each tirip type. 
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~egarding work trips, the location of basic employrnent is known, and the location 

of non-basic employment is generated in the land use model. Three adjustments 

are rr.ade to these employrnent figures before loading the transportation net:t.Jork: 

i. Reduction by the ratio of work-to-home trips to all work based trips 

which take place at rush hour. For the purposes of rough estirr.ates, the 

regional average is applied to each zone. 

ii. Reduction to allow for transit usage and walking trips. For present 

purposes the regional average of 82% can be used. It is hoped that 

future research would be able to develop an estimating equation for 

transit use by residential ZC!_l}_~ based on B.A.T.S.C. data. 

iE. Reduction by the car occu~·ancy factor. For work trips this was 1.18 in 

1965. 

The combined effect of (i), (ii), (iii) based on regional averages is to give a 

conversion factor of: 

28 X 82 X 1 X 100=-19.7% 
100 100 1.18 

i.e. car trips for period 4:3q p.m. to %:30 p.m. are equal to approximately 20% 

of total employment. 

7he home based non-work trips cover trip categories t:t.Jo through eight. TI1e list , 

is as follows. 

2. Personal business, medical and dental 

3. School 

4. Visit friends and relatives 

S. Eat meal, and commercial recreation 

6. Convenience shopping 

7. Comparison shopping 

8. Free recreation accompany a person and other 
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In the present model package these are treated as one category. Note: there 

are so few school trips¡ they can be ignored. It was possible, to obtain esti-
o o 

mates of trips-per-hou~ehóld in this conglomerate group from the B.A.T.S.C. 

regional data. Total pe'rson trips pe'r day can then be estimated once zonal 

population is known. The trips ar/ then distributed using a gravity model, 

using non-basic empto'yment as an attractor. The total person trips per day 
/ 

' distributed in' this .' fashion are' reduced to auto trips at rush by repeating 
( 

steps (i) - (iii) &hove. 

TI1e non-home baséd trips v~ategory 9) are considered as originating at places of 

employment. The person trips estimates are converted to auto trips by procedures 

(i) - (iii). They are then allocated to shopping centers using the PLUM and 

!PLUM work-to-shop aliocation functions. 

Finally, as one more example of the curious ways in which the state-of-the-art 
, 

can affect attemptd to jo in models into systems of models, the problem of negative 

trip volumes is described. It will be recalled from the earlier part of this 

chapter that an ~ncremental trip loading procedure is used after the first few 

11 1 

iterations of the nodel package. With this procedure it is possible that the 

spatial redistrfbution of activities from one iteration to tfie next will result 

in a redistribution of trips which, on sorne links, will res~it in negative trips 

when one trip clatrix is subtracted from another. 

In other words, the volurne of negative trips to be unloaded from a link can 

exceed the existing link volume because of the nature of the network assignment 

procedure. Generally speaking, in the assignment procedure sorne num~er of trips, 

orJginating atA and terminating at B, is to be loaded on 'the network. To do 

1 

this, the shortest path through the network from A to B is found and the trips are 

added to each link in this path. Each time trips are loaded on a gi~en link, 

11 See p. 71 in this report and Appendix A-2. 
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the time rcquired to traverse that link increases. This is dueto congestion of 

the link, and is expressed operationa.lly in the workings of the volume-capacity 

:ratio. Becau~e of this effect, trips traversing a certain portian of the net-

"(J_:rlc will find that a link that •Jas on the mínimum (i.e. shortest time) path at 

~.we time, will not be on it at a la ter time. 

\:hen negative trips say, from Ato B, ·are to be (un)loaded, the system is not 

ab le to deal Hith them appropriately. Any link on the mininn.nn path from A to B 

n>ay have gotten on the path by virtue of congestion on a "parallel" or alternative 

link a.nd may thus have just a few tríps \·Jhich were loaded .on it when the previous 

1 

!lbest" link becarne overloaded. If the negativ:e trips being (un) loaded are in 

excess uf the existing trips on the link, there is no way for the program te 

determine what other link had been "best" prior to the loading of the link in 

questíon. Conscquently there 1s no way to determine where the excess negative 

tríps should be (un) loaded. TI1ese excess negatíve trips therefore wind up on the 

most recent "best" link which, in turn, is left wíth a negative trip volume. 

Operationally this is dealt with by restricting the vo]ume/capacity ratio to be 

>O, but the negative trip volume remains either to the end of the network run, 

or if positive trips (from another O.D. pair) are loaded on that link they reduce 

(or eliminate) the negative. volwne. 

Hhile operationally this does not occur frequently enough to cause any real 

ciifficulties, it does illustrate the kinds of problem Hhich may arise with pro-

cedures which under normal circumstances are perfec~ly all right. Problems of 

' 
this sort appeared regularly during this project, pointing up many of the areas 

where the paucity of integrative attempts has allowed important considerations to 

"fall betwcen the cracks". 
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Dcvc1opmcnt of the "New Proccss" Procedure 

During the policy testing of the model package problems with the stability of the 

12 resu1ts continued to be encountered. After much additional work on the problem 

it appeared that one of the fundamental difficulties was the size of the pro-

jcction interval. In the existing model package a projection of 1980 is made, from 

a base of 1965, in one step. Successive iterations of the model package are 

simply attempting to find an equilibriwn solution. It WélS thought that an 

alternative means of finding the equilibrium would be to approach it more gradual1y 

.in a way analogous to making the projection from 1965 to 1980 in several steps 

rather than in one grand 1eap. It was hoped that such a procedure wou1d both 

eliminate the remaining instabi1ities in the model system and be less expensive 

to operate by virtué of requiring fewer iterations of the model package. Work 

was undcrtaken to test this new process at a rather late date in the project. 

1ñe evidence available at this time is that it will indeed do what we hoped. 

13 A verbal description of the process, shown in Figure 4, is as follows: 

l. Assume that the base year is 1965 and the projection year is 1980. 

2. The base year (1965) trips are loaded on the 1980 network and zone-to-

zone impedances are calculated. 

3. With these impedances, one-third of the regional control totals, and one-

th ird 'of the 1965-.1980 has ic employment increments as ihputs, IPLUM is 

run, and new trip matrices generated. 

4. The 1965 trips are subtracted from the new trip matricJs and the remain-

ing new trips are 1oaded on the already partly loaded 1980 network. New 

zone-to-zone impedances are cal~cu_1ated. 
- ~---i ·~ 

5. With these impedances, two t~ir4s:of the regional control totals, andan 

add itional one th ird of the ~as3·c=~~employment increments as inputs, ~PLUM 
h ~~ 

' ~-

is run, and new trip matrices are generated. 

12 Described in the next chapter 

13 Compare with p. 26 of this report, which describes the original process. 
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6. The trip matrices from Step 4 are subtracted from these new trip matrices 

and the remaining new t-:.:ips are loaded on the par tia lly loaded 1980 net-

work •. New zone-to-zone impedances are calculated. 

7 u Hith these impeda.nces, the fuU regjonal control totals and thr.;: final 

one third of the basic employr,1ent incremen':s as inputs, !PLUM ;_:::. run 

and new trip matrices are gen~rated. 

8. The t:dp matrices fron1 Step 6 are subtracted from these new trip 

matrices and thl" remaining ne\o.· trips are loaded on the parti.ally loaded 

1980 network. New zone-to-zor:e impcdances are calculated. 

' 
9~ With chese im~ed~nces, the full regional control totals, and zero basic 

employrnenc iucrements, IPLUN is 1.·un a.nd should t:hen produce an 

equilibrium solution. 

This new process was run through step 8. The resulting population projections, 

~vhere X..l.-1 = Step 3, XA-2 == Step 5, and XA-3 ;;; Step 7, are shmm in Figure 3. 

The dotted lines in FigurE- 3 represent che projections from Run rv.6AVG. It can 

be seen that the new process comes i.:ather clase after three recursions to where 

the old process was after six iterations. The fourth recursion bf the new process 

was not run as described above, because of an unexpected operational deficiency 

in !PLUM. The model is theoretically capable of projecting the response, in terms 

of spatial red is tribut ion of local-serv ing employment and popula ti.on, to changes 

in basic employment and/or transportation facil:.ties. Hm12ver, it ca:~not opt:H>.tt> 

"t-Tith a zero change in basic employmen:.. S~nce there were not sufficiont resour..::2s 

(or time) on this project to correct this detiC;iency in IPLU}i it was not possible 

to run the fourth recurs ion (Step 9) of the new process as originally intended. 

As an alten1ative test, the impedanccs from S~ep 8. were used and !PLUM was -rerun 

as in Step 7. This means that the 1ast gro\.lth increment was adc!ed to the pl·evious 

two-thirds » but us ing tt.e impedances dcrived from the .E_~ior es tima te cf the lns r. 
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growth increment. The result& of these two estimates of the spatial distribution 

..::-~ the J.ast growth incrernent (one based on a two-thirds full network and the 

L~t.her on a thr-ee-thirds full nett,¡ork) should, if the new process had found an 

equilibrium in the first three steps, be uea.rly i.denl:ical. In fact, th'e brgest 

J.ifference, at the county level, was less than five percent. These/dif.':E>re-nces, 

shotvn as point XA-4 on Figure 3:. are: 

San Francisco :¡-o .os Solano +l. 72% 

Marin +4.07% Contra Costa -0.12% 

San Mateo +O. 77% Santa Clara -2.64% 

Sonoma +L 76~~ Alameda -K)~31% 

Napa +2.29% 

While further testing is clea.rly G.esirable, the implication of these results is 

that by this new process the whole system reaches an equilibrium point in just 

three iterations as opposed to the five or six iterations required by the 

original procedure. Any further work with this mcdel package should be done with 

this new process. 

This concludes what turns out to have been the "grab-bag" chapter of this report, 

which at tempted to document sorne of the more important perigrinations lead ing to 

the final results. 
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V. Policy Tes ts,.--with the Model Package 

Introduction 

Hav ing wad ed th rough more than ene hund red pages of text. the reader may need to 

be reminded that the ultimate purpose of the development of the model package was 

to allow analysis of the possi"oilities of integratcd land use control and trans-

portation development pol {cies. Tlv:: ai.Jn of tl1ese pol icies \·ldS to achieve sorne 
\ ' 

balance betwt!en trannportation development and land development. Since the data 

baüe for which most of the modcl l<Tork had been done was the San Francisco Bay 

area, this same base was used for the policy n..ms. 

The project was able to examine copies of metnos written in the Spring of 1971 by 

M.T .C. staff regarding tests of the PLUM. Thcse tests were of the response of 

the PLUM moJel to changes in the transportation network and. subsequent travel time 

and ranks data input. Thcse tests conccrned network changes only, and four kinds 

of test were carricd out: 

(1) Changing links (by addition or deletion) 

(2) Changing link times 

(3) a¡anging bridge penalties 

(4) Incorporating transit links irato the network (amodal network) 
' 

In all four cases the results sha,.¡ed that commercial employment tended to be 

sliehtly more sensitive than residential population in terms of their spatial 

red istributions. As might be expected, 111.ap zones shm.¡ed greate r varia!Ji li ty than 

planning districts, which in turn showed greater variability than county totals. 

All of thc:se tests confirmed the notion that the PLUM model allocations \v'Ould be 

sensitive to changes in the input impedances. This was not a surprising result, 

but sorne of the comments regard ing the impl icat ions of the results werc of 

considerable interest. For example: 



"It must also be kept in mind that the shifts in land use configura­
tion is not the final statement of travel demand. In the system 
framework we still have to go through generation, distríbution, modal 
split, and·assignrnent befare we can more adequately assess the travel 
demand let alone the levcl of evaluatíon." 

"By lcngthening the times, the commute d istance is shortened and the 
resultant allocations wíll be more cornpact. As would be expected the 
growth ln the northern count ies decreases appreciably wh i le the more 
accessíble areas closer to the employmcnt centers increasc greatly. 
---llo\Jever, evcn with changes in several countíes by a ma¡:,'Tlitude of 
25% - 30/o, caution must be taken as to llow this affects travel over­
loads. --- (Only by follm..Jing the proccss through to ass igrunent could 
th is quest ion be answered.) 11 

These conm1ents clearly indicate the desirability of making such tests with a 

model system incorporating the feedbacks which are a key ingredient of this 

project 1 s package. 
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The inputs to the model package have been described in previous chapters of this 

report. The outputs of the model package are sets of rather highly aggregated 

predictions of equilibrium values; 1) on a zone-by-zone basis, of population, 

local serving employment, and land use, and 2) network link traffic volurnes and 

times, the consequent interzonal travel times, and several ad hoc, spatially 

identified, network congestion measures. While this is a reasonably rich set of 

outputs it does, due to the levels of spatial and sectoral aggregation, restrict 

the kinds of policy which it is worth while testing. This restriction is due to 

both the outputs of the model package, by means of which the policy alternativJs 

can be cornpared, and the nature of the inputs to the package, by means of which 

the policy is imposed on the model package 1 s simulation of metropolitan dynamics. 

This project ís concerned with policies regarding land use and policies regarding 

transportation facilities, as well as with policies which integrate the two. 

Given the present version of the model package, land use policies must be con-

strained to considerations of: 
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(a) location of increments of basic employment 

(b) land use restraints (open npace policies) 

(e) location. '::>f local serving einployment. 

Transportation policies must be constrained to consideratio~s of~ 

(a) transportaticn facility improvements 

(b) imposition of travel penalties 

An interescih~ potential application of this model package would he in the area 

of policy stability testing. Once the model has been run to obtain predictions 

of land use patterns, on the assumption that the policy decisions are succc:ssfully 

carrled out, the policy restricticn~ can be eased by allowing sorne proportion oi 

the locators to move. If these free locators show a strong tendency to IT'O'Je tnto 

formerly restricted zones, it can be taken as an indication that the policy viuuld 

be subject to strong external pressures, and ~-muld require strong enforcement. 

A general strategy for te::;ting policies >V"ith the model package, in accord wi.th the 

above list could be as follows: 

A. Land Use Policies 

a) location of increments of basic employment - this would involve one; or 

b) 

more model runs with patterns of basic industry different from th,,; on0. 

currently predicted by BEHOD and used as input to the current model 
' 

package. An important quest ion exis ts regard ing the centralization or 
1 

1 
dispersion of such employment. Current trends indicate strong 

1 

tendenci.es toward dispers,ion. What are the consequences of attempting 

i 
to alter this process? A polícy such as thls could be combint>d wíth 

1 
1 

biased changes in the transportat ion netHork which could improve 
! 
1 

intra-urban times 'vhile degrad ing urban .... suburban times. 

land use restraints - a Jarticular question to be dealt with here has to 

do with the preservation of open space. A "green-belt" policy of 

restricting development in lands around the urban area, say betw~::en the 
1 
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urban and suburban areas and between the suburban and semi-rural areas, 

could be tested. An associated transportation facility might provide 

good access from one unrestrained area to another while restricting 

access to the "green-belts". Policies of "green-wedges" might also be 

tested, in an attempt to maintain alternate sections of open space 

between various built-up ateas. 

e) location of local serving employment - a question t9 be dealt w_ith here 

is the continuing expansion of suburban shopping centers at the expense 

of the central business districts. 

B. Transportat1on Policies 

a) transpoJttation faci:Uity improvements - many of these have already been 

tested by various model projects, and the more important questions here 

are r~garding the relation of these policies to land use policies. 

b) imposition of travel penalties - this often takes the form of bridge 

and/or tunnel tolls, but an intE!resting expe'riment would be to investí-

gate a policy of allowing congestion to develop (i.e. a time penalty) 

in certain areas. 

It should here be noted that there exist ~o reliable or acceptable índices to 

describe overall land use patterns. Cotl.sequently the description of the results 

of test runs will prove difficult. In particular it implies that most results 

will be presented at the county level, with detailed analysis only being done in 

areas of large estimated differences. 

' ' 
Two further simple but importante point~ sh:ould be noted. First, the pol icy test-

' 1 

ing to be described below does not imply a:nything about feasibility of implemcnting 

. 1 
the pol icy. As was mentioned both m Chap¡ter 2 and in Append ix A-1 , 

1 
the potential effectiveness of a transport.:ttion or land use policy often has l1tth 

/ 1 

todo with its social or politic.al feasibi(lity. Second, the following demonstra-

tions of the modeld sensitivity to policLe~ a~ the teasonableness of its results 
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do not constitute a proof of its .forecasting ac'curacy. That the model package 

produces what seem to bé sens ibj e responses tb changes in its inputs is 

::ertaínly a des irablé result and :i.ncreases ciur confidence in i.ts structure, hut 

this does not offer further ~roof of its forecasting accuracy. 

§trategy for ~olicy Tests 

1 
i.t is clear from even a curso.ry examination of the model system that despite· its 

rather· toó aggregated levels of detail, there are an enonnous m.unber of aíterna-

t i.ves wh'ich could be tested. Even for a particular type of pol icy there are 

usually many ways of expressing it as model inputs. When specifying a model run 

decisions rnust be made as to which sectors of activity in which zones will be 

changed by how much. Ea eh d ifference in any of these numbers produces a 

"different" policy input. Until the overall sensitivities of the model system 

are known, it is difficult to make a priori decisions as to which differences are 

or are not important. 

The modél package, in its present fonn is both expensive and inexpensive to run. 

It is expensive because the cost of a run at the time·of this writing, on an 

IBM 370-165 for the full Bay Area data set, is about $120 to $150 for a complete 

iteration of the network model, IPLUM, and the trip generation procedures. 

Consequent ly a full pol icy test round of five or s ix iterat ions of the system wil ¡ 

cost about $600 to $900. It is inexpensive because this amount of rnoney is oÍten 

• 
spent by transportation studies on one or two runs of only their network model 

package which yields much less informa.tion about the overall urban system, though 

i t yie lds substantially more d~ta il about the network. 

i 
The combination of the rnany possíble alterhative test runs plus the cost of 

runni:lg them, with the project resourccs remaíníng after the complet ion of the 

development of the model package,conspired to sevcrely limit the tnunber of test 

runs wh ích could he undertaken, ' 



114 

It was initially decided to test three basic policy inputs: 

1) a change in location of sorne of the basic employment increments. 

2) an imposition of land use controls by altering land available for 

development. 

1 

3) specific improvements in the transportation network facilities. 

There were also the obvious questions of interactions between these and the 

consequent possible additional runs combining, say 1) and 3), or 2) and 3). 

The first complete runs of the package suggested that the basic employm(mt loca-

tions forecast exogenously by BEMOD lead to rapid urbanization of the eastern 

part of Alameda Co~nty, in particular the Am~dor Valley area (Pleasanton, zone 

226) and the Crow Creek end of Castro Valley (zone 236) • 1 This effect is so 

markcd, and since, as mcntioned in Chapter 3, this area i~ indeed experiencing 

problems of rapid growth, it was decided to concentrate attention on Alameda 

County (leaving the other BEMOD forecasts unaltered), and try to gauge the' 

sensitivity of the model to policy input by examining the behavior of these 

areas for different patterns of industrial development. It was felt that in 

practice, existing industry would be ha~ to move, but that new development wovld 

be more susceptible to policy directives. With this in mind, the forecast 1980 

distribution of basic industry increments was examined. Most of the increment 

fell in thc area laying between San Lcandro and Berkley in the northwest comer 

of the county, with small increments scattered elsewhere. 

Two basic strategies seemed wo~th examining. One was to restrict all the increases 

to the present heavily urbanized areas of Berkley and Oakland. In this way 

employment would be dir~cted away from easy access to the Dublin Canyon Road 

(leading to zones 236, 226) and so could be expected to lead to less urbanization 

in those areas. In addition, local congestion might be created, and this would 

1 See-Maps 1 and 2 and note that both these zones are very large, though they 
contain a great deal of mountainous land, and see p. 29 of this report re 
BEHOD. 
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The Nine County Region, Place Names and Highways 

Map 2 
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lead to longer journey times and possibly to a more centralized urban pattern. 

'fhe degree of congestion under this policy was to be examined, since there may 

;.¡ell tnrn out to be a trade-off bet•,veen dispersion of ind'-11;;try and populatíon~ and 

quallty of life in central areas; and congestion rneasures rnight be useful in future 

evaluatlon efforts. 

A second basic strategy would be to attempt to concentrate the growth of industry 

in several, scattered, rnain centers. \olith this type of policy however, thert-

would probably be strong tendencies toward suburban sprawl, and com:,:¡lernentary green­

belt policies would probably have to be introduced simultaneously and vigorously. ' 

It waz also desired to investigate the other potcntial policy inputs enwnerated 

above. Consequently an overall strategy for policy testing was developed, con­

sisting of three cornponents. 

1) Movernent of basic ernployment in Alameda county to its northwestern 

comer, as described above. 

2) lmposition of land use controls to restrict land development in the z.ones 

running along the mountains from Lafayette to Fremont. 

3) Construction of two high speed, very limited access highways, one from 

Oakland to Livermore and the other from Fremont to Livennore. These 

roads would have no intennediate access points and would be superior to 

existing links. 

The ovcrall. effect desired from this policy would be the establishment of a green 

belt along the area from Lafayette to Fremont. The centralization of fringe area 

development at Livermore with the hopeful elimination of sprawl development moving south­

eastward from the Ber.keley to Fremont axis. This would also require very strir.-

gent land use control in the Livermore area in arder to avoid sprawl ernanating frou: 

that nucleus. And, the centralization of development a long the eastern shore of. 

the San Francisco Bay in the already developed Berkeley to San Leandro strip, 
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It should be stated at the outset that the full set of policy tests was not 

completed. This was solely a matter of inadequate project resources, particularly 

in terms of computer time. 

Hore irnportantly, the runs that were done bore ample testirnony to the power of 

. this integrated model package to produce interesting and potentially useful 

estunates of the consequenc es of policy actions. 

Policy Test 1: Round III Runs 

A full round of model runs was done to reflect the effects of the basic employ­

ment redistribution in Alameda county as described above. The results of this 

run are shown in Table 1 and Figure l. Bearing in mind that the total basic 

employment in Alameda Co~nty was unchanged as a result of this policy, and that 

the 1965-80 change represented a little less than 30% of the 1980 total, the 

effects on the distribution of population were surprisingly large. Run IV.6 AVG 

which was tabulated on p. 55 in Chapter 3 is taken to be the base run. Compari­

sons are made between run III .5 and IV .6AVG and are given in Table 2. The 

general tendency of the result was that population moved out of Alameda, and to 

a lesser extent Contra Costa and Santa Clara, into the counties to the north of 

the region. Of these, Sonoma and Solano showed the greatest increases, followed 

by Marin and Napa. San Hateo and San Francisco showed only very small changes. 

It would appear that the "natural" areas for workers in northern Alameda to live 

is in the northern counties, particularly since that section of Alameda, and 

closer sections of Contra Costa are already developed. The concentration of 

additional population in Sonoma and Solano suggests that commuters find most land 

available by using the Richmond-San Rafael, and the Carquinez bridges, both of 

which connect Contra Costa to the northern counties, On Map 3 the broad arrow 

represents the policy determined movement of basic employment while the county level 

shifts in populatlon are shown as percentages below each county name. 



Run III.2 Run III.3 -Run III.4 Run III.5 Run III.6 

1965 1980-2 1980-3 1980-4 1980-5 1980-6 

[san l'rancis~o 754,754 762,464 1.02% 763,373 1.14% 765,262 1 '?t- 764,778 1.33% 765,224 l. 39i. 
1 J 

1 ~rin 
1 

' 
1 

1 
192,523 256,409 32.2 369,969 92.2 306,671 59.3 340,685 76.9 337,42±5.3 1 1 1 

1 1 
- -----.. -· ---· 

l 1 

1 

799,310 44.5 i 1 San Mateo 1 553,271 716,094 29.4 742,466 34.2 793,707 43.5 773,802 39.9 
f 

1 ! 
Sonoma 167,497 256,690 53.3 497,316 196.9 266,828 5S'.3 1 331,490 1199 .l 269,962 6~---~ 

1 

1 Napa 
1 

69,378 174,451 151.5 168·,534 142.9 108,524 56.4 l46,955 111.8 122_, 76 7 76.9 \ 

~ 1 
149,386 365,950 

1 
145.6 329,164 120.3 246,165 66.1 356,274 138.5 1 274,330 8~.6 

1 

1 Contra Costa 534,056 778,539 45.8 733,951 37.4 794,572 48.8 760,834 42.5 1 796,591 49.2 
1 

Santa Clara 922,357 1,334,145 44.7 1,315,736 42.6 1,433,150 55.4 1,379,884 49.6 1,388,694 50.6 

Alameda 1,095,236 1,761,796 60.9 1,487,035 35.8 1,690,663 54.4 1,558,833 42.3 1,653,243 50.9 

Total 4,438,358 6,407,469 44.4 '6,407 ,467 44.4 6,407,469 44.4 6,407,4 70 44.4 6,407,471 44.4 

Round III: Base Popu1ation, Projected Popu1ation 1980, and Percent Change 

Table 1 
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' 1965 1980 1980 'Yo Diff • 
1 

~ 

--
754,754 764,950 764,778 - o.oo 

1 192, 523 320,451 340,ó85 + 6.31 1 

553,271 778,83 7 773 ~802 - 0.65 

- LQ..7,497 288,333 333,490 1 +J5.6ó 

1 
1 

69,378 130,566 146,955 ¡ +12. 55 
l 

/ 1 149,386 307,813 356,274 +15.74 

1, 1 
534,056 788,455 i 760,834 - 3.51 

1 
1 

1 922,357 1,401,803 1,379,884 - 1.3 7 

1,095,236 1,626,328 1,558,833 

County Level Cornparison of Run rv.6AVG and Run III.5, 1980 
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A more dctailed look at the zonal' totals in Table 3 and Map 4 confinns the overaU 

impression giv~n by the county totals. in gP.neral, t:he zonal totals moved in t.l:e 

&ame way as the county totals. There was one majar exception to this in Contra 

Costa ~vhere zone 135 showed an inr;rease in population, while thc other zones in 

the county that showed noticeable '.:hanges (i.e. above or around 10%) all shc•,red 

dec:;reases. However, this is in line with the overall pattern since this zone 

lies clase to major roads running north e..nd east, and contains substanti.al 

developable land. 

In ~.arin, Napa and Sonoma the n\ain zonal changes were found, as might be expected) 

in zones clase to the Bay. There was one exception to this, in Sonoma, where the 

zone corresponding to the Santa Rosa area showed largc increases. 1bis ts to be 

expccted sjnce examination of a map suggests that this is one of the more 

access ible oreas in the county, and is already developing. 

Almost all the zones in Solano showed large changes in resident population. The 

exceptions were zones 111, 112, and 125 which correspond rough1y to the val1ey's 

area. Examination of the land available in those zones suggests that they are 

a1reaciy well built-up. In contradistinction, Santa Clara, San Mateo, and San 

Francisco showed 1:!-ttle change on a zone by zdne bas is. 

1"'""ne zonal changes in Contra Costa and Alamedá ,were concentrated in the inla.nd 

sections. This suggests that these areas lying to the east of the coastal hills 

are the "natural" conunuting area for people >·JOrking in southern Alamedaa Looking 

at the map seems to confirm th is, ín that Che main access routes from northen. 

Alameda into the interland are through built up areas and thus likely to l:>e 

congcsted. The routes from the south, while ¡¡ot such high capacity roads, are 

less likely to carry local traffic and are therefore less likely to be r'o;•gested. 



County 

Mar in 

San Mateo 

Sonorna 

Napa 

Solano 

Contra Costa 

Santa Clara 

Alameda 

Tab1e 3 

Policy Test 1 Round III 

Basic Emplovment a1nnges in Alameda County 

This table shows zonal population chnnges of 10% (approximntely) 
or more on a zone and county bas is. 

Round III.5 Round IV.6AVG 
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Zone Population Popu1ation '7. di fference 

41) 8,106 7,262 11.6 
49) 32,909 29.274 12.6 
51) 17,235 14,317 20.4 

No large changes 

92) 92,953 60,736 50.6 
93) 38,890 34,116 35.9 

lOO) 31,385 28.609 9.7 

104) 7,043 5,606 25.6 
109) 3 7,542 31,924 17.6 
110) 7,325 6,638 10.3 

113) 37,033 34,122 8.5 
115) 22,528 20,061 12.3 
117) 10,262 8,252 24.6 
118) 79,018 65,559 20.5 
119) 3,633 3,163 14.9 
120) 4,239 3,628 16.8 
121) 8,651 7,469 15.8 
122) 35,106 24,443 43.6 
123) 51,779 39,825 30.1 
124) 5,175 4,741 9.2 

135) 32,027 28,538 12.2 
137) 32,906 35,289 - 6.8 
139) 10.911 11,901 '- 8.3 
150) 13,813 15,053 - 8.2 
151) 43.636 48,347 - 9.8 
15/•) 9,081 11,241 -19.2 
155) 2. 963 4,514 -34.3 
156) 10,910 13,238 -17.6 
157) 18 ,184 21,192 -14.2 
158) 29,667 33,880 -12.4 

No majar changes 

223) 7,619 8,46~ -10.0 

226) 115.658 137,291 -15;8 

227) 30' 807, 35,264 -12.6 

228) 53.607 63,04'} -15.0 

236) 84,028 100,466 -16.4 

252) 10,63 7 12,649 -15.9 
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The congestion.measures by county are shown in Table 4. It can be seen, as 

anticipated in the discussion above, that by comparison with Round IV there 

were significant increases in congestion in both Napa and Alameda counties as a 

result of this policy. 

A measure of the w~ighted average trip length of trips originating in the 

counties Gives the following results 

IV.6AVG III.5 

San Francisco 25.30 25.05 
MaFin 45.46 43.26 
San Mateo 38.62 39.52 
Sonoma 35.10 34.47 
Napa 35.74 34.37 
Solano 38.01 35.70 
Contra Costa 44.43 44.40 
Santa Clara 30.81 32.24 
Alameda 34.91 36.57 

Note that the trips (predominantly work trips) from Marin, Sonoma, Napa, and 

Solano are all somewhat less in run III.5, corresponding to the northward shift 

of the employment locations to which many of the residents of these counties 

corranute. The trips from San Mateo, Santa Clara, and Alameda are, as one would 

hope, somevJhat longer. 

Finally, the total trip ,minutes spent by travellers on the network goes from 

31,338,000 in run IV.6AVG to 33,523,220 in run¡ III.5. 

\ 

testir~g, Round V, vlaS an attempt to 

Pol icy Test 2 : Round V Runs 

The second full round of runs for policy 

access the ,effect of highway network changes by installing high-speed, high 

capacity links (shown on Map 5) between Oakland (northern Alameda county) and 

Livennore Val ley (central Alameda county), and l:>etween Livermore and an area just 

1 northwest of San Jase (northern Santa Clara cour,tty). The results of, these runs 
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1.307 

l. 925 1 

1 
1.075 
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1.059 

2.503 2.413 

1.216 

1.514 

1.457 

1.683 

1.859 

1.578 
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1.591 

l. 586. 

l. 757 

1.675 

Round III Congestion Heasure on input to IPLU'H 

Table 4 
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are ~hown 1.'n Table 5 and "•'-igur~- '2 •
2 'g~ 1.· n us1.'ng r ~ nr 6AVG a~ b s o · ~ ~- ~ na , un ¿~. ~a a. e, ~ mpar1.-

son is made with run V .S and shown in Table 6.. 'l11e overe.ll regional pattcrn has 

sorne expected features, and sorne rather unexpected ones. Firstly~ as mighr.:_ be 

t:.xpected, the three most northern counties lost population, sorne· o E which l:1oved 

intc the s.outhern counties of Santa Clara and San Mateo. 

The curious results carne in Alameda~ which showed little change in total popula- / 

tion, and in Mar in, which shm·:ed a large increase. T1íe behavior of Alameda may 

Dé attributed to the redi:Jtribution of population between zone's within the county, 

which will be invéstigated below. Marin is rr!or~ difficult' to explain. It is 

possi..ble that Marin and the other l1CJt"thern coúnties a-re alínost equally ac-cc:ssiblc 

with M.c"lrin jtíst that much "closer in" that it only requires small cha.ngcs in the 

network to tip the balance. In any event, it will be necessary to undertake a 

more detéiiled analysis to check this. On Hap 5 the bold lines indicate the n2w 

network links while the county level 3hifts in population are shown as percentages 

below' each county zone name. 

At the zonal level, and beginning with Santa Clara, Table 7 and Hap 6 show that 

at' the zonal level the zones tó the eas t and! south of· th'e courity showed gains. 

The larees t in creases were in zones nea r the end of the new road. This is to be 

expected, since these are the areas .cenderzd more accessibÍe by the net-wdrk 

changes. 

San Mateo sho-.;.Ted mixed changes. The largest change wa~ an increase in zone 75 

which is large, empty, and at the end of the Dtunbarton Bridge and likely to benefi.t 

frorn the road. Large increases took place at the extreme northern end of the 

county, adjacent to San Francisco, while large negative changes occurred at the 

extreme south and wes t. 

2 Note that the basic employment relocation used in round Ir'I was not uscd 1,1 
round V. 



Run V.2 Run V.3 Run V .4_ Run V .5 

,_ -
1965 1980-::.2 1980-3 1980-4 1980-5 

--
San Francisco 754,754 765,562 - 1.437. 767,672 l. 717. 765,841 1.477. 766,898 

' 

Mar in 192,523 265,593 37.9 384,865 99.9 327,091 69.9 357,235 
-

' -.._ 

San Mateo 553,27--1-.._ 741,227 ' 33.9 852,372 54.1 777-,_238' 40.5 826,875 

·, ' ' 
Sonoma 167,497 3-.2~__,346 92.4 240,455 43.6 298,937 ,78.5 250,551 

'•, 

Napa 69,378 166,038 i'--139 .3 111,759 61.1 130,706 88.4 114,863 
' 

'-

Solano t49-,3a6_ 433,627 190.2 '- 230,153 54.1 312,623 109.3 256,759 
~-

-- -._ 

Contra Costa 534,056 790,064 47.9 766,63,1 43.5 769,153 44.0 783,668 

'· 
Santa Clara 922,357 1,318, 723 42.9 1,443,655 56-.~ 1,331,590 44.4 1,438,544 

Alameda 1,095,236 1_,604 ,364 46.5 1,610,021 47 .o 1,694,371 54.7 1,612,145 

' 1'\ \ 

Total 4,438,358 6,407 ,47~ 44.4 6,407,470 44.4 6,407,469 -44.4- 6,407,472 
: -

Round V: Base Population, Projected Popu1ation 19~, and Percent Change 

1rb1e 5 

' 

1.61% 

85.6 

49.5 

', 

49.6 

65.6 

71.9 

46.7 

55.9-

47.2 

44.4 

Run V.6 

1980-6 

765,946 

399,0l.2 

789 J 550 

~32,285 

136 ,L.6,8 

317,144 

751,502 

1,366,135 

1,609,470 

6,407,475 

1.487. 

76.1 

42.7 

98.4 

96.7 

112.3 

. 

40.7 

48.1 

46.9 

44.4 

.... ..., 
o 

! 
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IV .6AVG V .5 
1965 1980 1980 % Diff. Abs. 

' 

San Francisco 754,754 764,9.50 766,898 + J).OO + 1 '948, 

Mar in 192,523 320,451 357,235 +11.48 +36,784 

San Mateo 553,271 778 ,8'37 826,875 + 6.17 +48,038 

Sonoma 167,497 288,3.33 250,551 -13.10 -37,782 

Napa 69,378 130,566 114,863 -12.03 -15 '703 

Sq1ano 149,386 307,813 256,759 -16.59 -51,054 

Contra C_osta 534,05_6 788,455 783,668 - 0.61 - 4,787 

Santa Clara 922,357 1,401,803 1,438,544 + 2.62 +36,741 

Alameda 1,095,236 1,626,328 1,612 '145 - 0.87 -14,183 

County Leyel Comparison of R~n IV.6AVG and Run V.S, 1980 Popu1ation 

Table 6 



'fable 7 

Policy Test 2 Round V 

~ew High\Jay_Links in Alameda Gcunt_y 

This table sho1;s zonal popula t iCin changes of l Di: (appro~omately) 
or mc•re on a zone and county b:~s is. 

Round IU.S Round IV.6AVG 

County Zone P0p':!.~ !OP\Jlation '7.di_t~~ 

Mar in 41) 10,506 7,262 44.67 
44) D ,8.+5 20,199 Ja.os 
45) 21,126 Hl,j74 l3. 74 
48) !•7 ,381 42' 148 12.41 
49) 33,675 29,274 15.03 
50) 2.6,270 21,854 20.20 
52) 14,428 12 ,157 18.6R 
55} 18' l36 15,383 17.90 
56)· 19,874 16,289 22.00 

San Mateo 75) 93,4ó9 68,604 36. 2ft 
88) 6,534 10,224 -36.09 
89) 6,930 8,136 -ll. .32 
90) 14,120 11,{¡45 23,37 
91) 13,751 10 ,459' 31.48 

So noma 92) 47,813 60. 736" -21.28 
93) 29,287 34,116 -14.15 
96) 23,288 28,988 -19.66 
99) 11,237 13 ,833 -18.77 

lOO} ... a, 773 28,609 -34.38 

Napa 102) 51,998 57,740 - 9. 9lt 
104) 4,437 5,606' -20.85 
lOS) 923 1,-268 -27.21 
!09) :!5,106 31,924 -21.36 
110) 5,836 6,638 -12.08 

Solano 113) 28,491 34,122 -ló.SO 
115) 17 ,618 20,061 -12.17 
116) 1, 93 7 2,435 -20. '-

117) 5,162 8,252 -'37, 

118) 50,345 65,559 -23: 
119) 2,385 3,163 -24. )'J 

120) 2,690 3,628 -25.85 
121) 5,996 7,469 -19.72 
1~2) i6,694 24,443 -31.70 
123) 25,258 39,825 -36.58 

Contra Costa 136) , zs,n4 29,609 - 12 J¡.4 
142) 27,184 23,157 +15.14 
156) 11,32:: 13,238 -14.lt7 
158) 30,2G4 33,880 -10.E7 

Santa Clara 166) 81,884 71,139 15.10 
169) 48,004 :)ó,Sl9 31.44 

Alameda 223) 6,681 8,469 -21.08 
224) 11,291 15,12q -25.36 
225) 15. 791 20,359 -22 .44 
22,6) 89,023 137,291 -35.15 
228) 7l • 9)8 63 ,0/¡ 7 -16.2.6 
238) JOl,725 85,910 25.39 
25J.) 18,846 16.9 58 11.13 
252) 20 ,1¡29 12.61,9 (, 1.15 
260} 20,021 lh,894 13.51 
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Zones in Sonoma, Napa, and so¡ano showed fairly unifonu decreases in alwost all 

zones. Marin, however. showed uniform incr~ases, though the largest wa::: in the 

zone adjacent to the end of the bridge to Berkeley and Oakland. 

Contra Costa shm.¡ed. for thz most part, only srnall clw.nges. The northern zones. 

followed Solano, and showed decreases. The so~thern and inland zones foliowed 

the inland areas of Alameda and also showed decreaseso However, 142 in Contra 

Costa, which is rather near one end of the new road, Lncreased, along -with 251 

Li1 Alameda, \-lhich shm1ed significant increáses.: 

Alameda showed mixed behavlor. As·· could bé expected, zone 252 where the sup2r 

highway ends, showed a substantial increa!:le in populat i.or~, though this only 

balanced the loss in populat ion in zones 223-226 in the Livermore Val ley. In 

part, this is a "hoped··for" result, since it suggests that such a limited access 

highway might save the areas it crosses but to which it does not give access. 

A possible explanation for some of this unexpected behavior may be due to the fact 

that the allocation functions do not put people into nearest zone, but distribute 

travel behavior over many zones. Further, accessibility measures, vía their 

normal ization procedures, operate in terms of relative accessibility of one· zone 

vis-a-vis all others. 'This is certainly true in the model system and probably 

true in reality. In any case, if the trip length measures, shown below, ar~ 

examlned, sorne surprising conclusions appear. These trip length measures ar2: 

IV .6AVG V .S 

San Francisco 25.30 26.01 
Mar in 45.46 45.02 
San Mateo 38.62 39.61 
Sonoma. Js.1o 42.69 
Napa 35.74 •H.65 
Solano 38.01 46.27 
Contra Costa t.~.L.3 1.,9 o 51 
Santa Clara 3Ó.81 34.78 
Alan1eda 34.91 36.46 



From tl1ese, plus the other projeótion results, it appears that the regional 
/ 

effect c·f the- new roád' has been to shift the concentration of employment and 

population of the region tówa'rds the south. At the same tiníe Marin county was 

"swamped" with new resid'eríts \vith San Mateo and Santa Cl:ara taking the rest of 

the shift. Those resid'ents rémaining in the northerri half of the region found 

/ 

themselves maklng much longer work trips. Even the work trips of res ident's in 

Santa Clara and Alameda increased, as they próbably made use of the ncw road to 

commute to the Berkeley-Oakland area in northeastern Alacieda and Contra Costa 

counties. 

Total trip minutes went from :Ú,338,000 in run IV.6AVG to 32,494,593 in run 

V.S. Thé congestion measure's for this round are shown in Table 8. 

Policy Test 3: ,Round VII ,kun 

Due to the press of time and resources a full round of runs was not done for a 

land use control test. The response of the model system to land use control was 

tested by re-running run IV.6AVG with the land use controls imposed by defining 

136 

additional land in certain zones as being unavailable for ~évelopment. The county 

level results of this run, called VII.l are shown éompared with the results of 

run IV.6AVG i'n Table 9. On Map 7 the county level shifts in population are shown 

as percentages below each county zone name, and thé aréas in which stringent land 

use controls were applied is shown shaded. 

As éan be seen on the map, the effect of these controls is td reduce population 

growth in the counties (Contra Costa and Alameda) where the controls were 

applied. Note that this is a reduction from the "no-controls" base run (run IV .AVG), 

but there is still substantial absolute growth in these counties over the period 1965 

to 1980. The counties to the south and south-east (San Mateo and Santa Clara) 

al so shovJed a relat ive decline in population. This presumably was due- to declines 



]----~ IV. 6AVG 

"::"""---=:-<'- ·~:;;,;:.:; ... .-.;_ 
~ 

' 

V.4 v.s V.6 

--=== 
San Francisco- l. 713 1.925 1.908 L91 6 1.928 

' 
Harin o. 724 0.935 0.902 0.92 o 1.090 

San Hateo 1.861 2.066 2.056 2.05 2 2.102 

Son ama 1.856 ' 1.856 1.910 

1 
1.86 

1.368 1.30,6 1.308 1.26 Napa ~ 

3 

8 

2.407 

1.262 
1 

1 

Solano 1.500 1.468 1.428 1.36 

Contra Costa 
1 1.280 1.456 1.415 L44 

Santa Clara 1.590 1.587 1.58 11.368 
Ala111cda 1.497 1.629 

1 
1.610 1.63 

' 

' 

7 

o 

8 1.677 

s~" ---1-:-·-7-66_ ..... 

1.551 

1.566 

Rounci. V. Congestion Measm:-es on input to IPLUH 

Table 8 



' 

IV .6AVG V .5 
1965 1980 1980 ~~ Diff. Abs. 

\ 

' l 
San Francisco 754,754 764,950 763,622 - 0.17 - 1,328 

1 

Harin 192,523 320,451 402,148 +25.49 + 81,697 -
San Mateo 553 ,2 71 778,837 764,42& - 1.85 - 14,411 

1 

Sonoma 167,497 288,333 498,057 +72 o 74 +209 '724 
-

Napa 69,378 130,566 _184 ,445 +41.27 + 53,879 
' 

Solano 149,386 307,813 446,421 +45.03 +138,608 

Contra Costa 534,056 788,455 682,986 -13.38 -105,469 

Santa Clara 922,357 1,401,803 1,294,710 - 7.64 -107,093 

Alameda 1,095,236 1,626,328 1,370,732 -15 V 72 -255,596 
1 

County Level Comparison of Run IV.6AVG and Run VII.l, 1980 Population 

Table 9 
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in local serving ernployment in Contra' Costa and Alameda to which ernployees residing 

in San Mateo and Santa Clara formerly commuted. Further indir~ctly induced 

declines in population and local serving employrnent took place throughout these 

four counties. 

True to the notion that if a growing region is squeezed in one place it bulges 

out ir:t another, there was substantial relative growth in thé four northern coun~ 
\ 

ties; Marin, Sonoma, Napa, and Solano. This growth, for the most part, represents 

residential location of employees of San Francisco and Contra Co&ta (Berkeley, 

Oá.kland, etc.) who were unable to find residential space in Gontra Costa and 

Alameda. Again, indirect effects via the local servinvernployment tend to 

arnplify the situation. 

The tabu lation o·f zonal results is giv'en in Table 10 and shown on Map 8. There 

are no result¿ at the zonal level which are not expected from the county level 
1/ 

results. It is, however, worth noting that virtually' all the significartt zonal 

changes take place on the urban fringe. This suggésts that if appropriáte 
/ 

polities were to be deve-Íoped and irnplemented thete would be a fair chance of 

having sorne effect on the shape of the future developrnent of a region. 

Surnrr1ary 

lrt a growing rnetr'opolitan region, the actual regional growth rate rnay be determine'd 

by' factors over which the regional policy maker has little or no control. This 

is even more true for the local policy rnaker in sub-areas of the region. TÓ the 

extént that the dverall growth of the region .is significant and beyond tne control 

of the regional policy rnaker, he finds himself in a paradoxical position. A 

policy which s'eerns perfectl!y reasonable for one part of the region l'Íla.y have 

1 

serious, undesirable consequences elsewhere in the region. A salient featúre of 



Solano 113) 34,122 41,14 5 21. 
114) :19,033 36,352 25. 
:1 S) 10.061 2J,818 19. 
( ":b) 2 ,1.35 3,103 27. 
:11) 8,252 12,350 so. 
ll8) 65,55';; 102,619 56. Table 10 119) 3,163 4,526 43. 
120) 3,623 7,109 96. Pollcv Test 3 Round VII 1Zl) 7,465 12 • 521 68. 
122) 24,443 54,748 l2l •• Land Uee Control :..n Contra -Costa and Alameda Counties 123) 39,825 75,851 90. 

This table shoYs zonal pop•.1~ation changes of lOi'. (approximate1y) 
124) ~. 71.1 5,813 23. 

or t::ore on a zone and county basis Contra Costa 134) n,l4S 29,042 11. 
1.:!6)- 29,609 32,999 11. 
137) 35,289 28. 7 79 -19. Roun:l IV.6AVG. Round VII.1 140) 8,451 5,454 -35. 
141) 18,869 11,958 -37. Ce u !!.!_y ~ Popul<tton Poeulatwn 7. di fference 142) 23,157 10,785 -53. 
143) 31,202 2 7,403 -12. Marin 41) 7,262 9. 741 34. 145) 38,000 31,332 -17. 

43) 5,415 6,434 12. 146) 23,420 20,118 -~4. 
44) 20,199 22,793 13. 149) 13 ,132 10,723 -18. 
45) 18.5 74 23,006 24. 150) 15,053 12,104 -20. 47) 21,121 23,417 11. 151) 410,347 3 i ,046 -23. 

~--------------48) 42 ,148 53 ,41!2 27. 152) 26.716 23.714 -11. 1 

49) 29,274 47,306 61. 153) 6,099 4. 97'· -18. 50) 21 J 85~ 31,656 45. 154) 11,241 7,995 -29. 51) 14,317 25.599- so. 155) 4,514 2,442 -46. 52) 12,157 17,923 47. 156) 13,238 7,011 -4 7. 53) 13,312 17,078 28. 158) 33,880 13,235 -61. 54) 8,599 12,344 42. 
56) lé,2S9 20,436 25. Santa Clara 161) 39,164 28,703 -27. 

162) 17,257 12,205 ~30. San Mateo 84) 37.924 31,382 -17. 163) 23,453 16.796 -28. 87) 17.715 15,104 -15. 164) 6,584 4,829 -27. 88) 10,224 7,892 -23. 165) 20,754 12,075 -42. 89) 8,136 6,704 -18. 166) 71,139 52,340 -27. 
167) 35,468 24,492 -31. Sonoma 92) 60,736 160,4 79 164. 169) 36,519 28,409 -20. 93) 34,116 54,83 7 61. 170) 12 ,391 10,880 -12. 94) 29,299 38,191 30. 172) 43.536 39,308 -10. 95) 36,824 54,422 52. 173) 35,638 29,193 -20. 96) 28,9S8 53,638 86. 174) 39,81') 3) ,153 -17. 9 7) 19,574 31,833 63. 181) 3 7,463 30,965 -17. 96) 10,575 12 ,025 14. 

99) 13,833 17,024 23. Alameda 224) 15,128 9,674 -36. lOO) 28,609 46,551 63 ., 225) 20,359 13,897 -)8. 
101) 19,979 23,255 16. 22 6) 137,291 68,461 -so. 

22 7) 35,264 14,820 -58. Napa 102) 57,71,0 79,398 37. 228) 63,047 41,858 -34. 103) 2 .~48 3,006 23. 229) 47,553 40,219 ~ -!ó. 104) 5,606 9,385 67. 230) 18 .148 14,6 77 ll> -19. 
!):¡ lOS) 1 • 2(.8 2,250 78. 232) 21,035 17,15 5 ro -!'l. 

106) 5,118 lO ,189 97. 234) 14.982 lZ, 963 -18. ·-107) 9,109 l3 ,062 43. 235) 24,21'-l 1'),551 ~ -19. 
lOS, 3,238 4,036 24. 236) 100,466 28,925 ..... -79. 
!09) J 1, 924 46.941 47. 238) 85,910 b8,097 -21. 
l!O) 6,638 8. 700 31. 2l.l) 30,532 2 5. 9 76 -15. 

252) 12,649 (,884 -!.6. 
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these policy test runs is the faqt, of this regional interr-élatedness. In each of 

these policy runs, a change in one portian of the regioh appears to produce 

significa.nt changes in other parts of the region. 

'Io Stnnmarize these tests: 

' 1 
Test 1 - (Round III) 

1 

A policy t~ inhibit the spatü!.l dispersion of basic employment in Alameda 

county by prohibiting new locatidn in the south~central and eastern parts 

of the county, did reduce resldential and local-serving ernployment sprawl in 

both Alameda and Contra Costa counties. 1 In the absence of a comprehens1ve 

regional land use controi policy, however, the desirable results in Alameda 

and Contra Costa were offset by .the generation of considerable sptawl in 

Marin,-Sonoma, Napa, and Solano counties. 

Test 2 - (Round V) 

A policy to centralize impending development in eastetn Alameda county by 

the introduction of a high speed, very limited access highway d id' not seem 

to produce the desired results. There was a'decline in population and local-
/ 

se'rving employment in thei area where it was tó be centralized. The new highHay 

seems to have been uti1ized for longer distanc.e commuting and to have resulted 

in a general southerly shift in the lócation of the region's employment and 

population. This s.~ems to have had a substantial effect only in Marin county, 

the southeasten1 portian of which was swamped with new res idential, and local-

serving emp loymerit, develópment. 

Test 3 - (Round VII) 

An attempt t0 limit development in western Contra Costa county and central 

Alameda county by the in1pos ition of stringent land use controls \.¡as generally 

successful in those counties. Again, the lack of a regionwide policy allo\Jed 



1[¡4 

the development: whidi was- controlled in those counties to run rampant in the 

northern counties of Marin, Sonoma, Napa, and Solano. 

Befare continuing", it- should again be uoted that these tests are in no way 

representative of any real policy intentions kno'Wn' to the authors. , They are 

presented here as examples of the use OPthe model package and, toa limited 

e:J(tent, as a demonstration of the- f)rpes of phenomena which are likely to occur 

1 
in reality. 

The question may have been raised, in the mind of the perspicacious reader, as to 

why one partiéÚlar model run' in a round may have been chosen for analysis as 

' 1 

opposed to another. This was simply a matter of selecting the run which seemed 

1 ' -

most likely to represent the "equilibrium" situation. The need for such 

selection, admittedly so~ewhat arbitrary, will be obviated in the future by use 

of the "new process" pr6cedure,- (described in the previous chapt'er:) which seems 

to produce solutions cioser to a true equilibrium. ~e merit of this assertion 

remains to be tested by further use o'f the modei 'package. 

1 
1 

Finally, with regard to the overall .aims o:É this ptcíject, thé conclusions, in one 

respect at least, are clear. 
1 ' ' ' 1' 1 1 ' ¡

0 

There are sbrong interrelationsh~p~ between 

transportation development and land. deveÍopment which a"~e nbt adequa-tely' accounted· 

for, even in complex computer simulatioh models, by traditional foreéasting 

procedures. Further, it is clear that as more. knowledge bf thesé phenomena is 

deve'loped, powerful instruments can be made available td policy makers fo'!." use 

in shaping the growth of the metropol is1~ Integrated, reg:i!on-wide, planning of 

bdth transportation and land use is a necessary condition for the proper design 

~nd app]ication of these policies. The integrated transportation and land use 

model package makes a significant step forward in accouriting for these 

interrelationships. Hopefully it will be of use in fubJre policy design and 

testing. 
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"SURVEY O~ IAND-USE A.ND DEVELOPMENT GUIDANCE TECHNIQUES" 

I. INTRODUCTIO~ 

This survey of "guidance techniques" is concerned with a wider spectrurn of 

actions and policies for influencing and regulating land uses and land devel-

opment, than is implied by the more traditional categorization, 11land use 

controls." The literature in this field is quite extensive, especially whep. 

so broadly conceived as above. Thus, although this survey will touch upon 

most impor:tant areas, the emphasis will be upon proposals for the improvem•:nt 
o 

of the present land-use and develo?ment guidance syste~ (land guidance sysFem 

for short). The develop~ent, present state, and problems of our present sys-

tem are well explored and swn~arized in other sources, and will be dealt 

~ith more briefly here. The reader desirous of more detailed coverage of these 

areas will be directed to appropriate sources through footnotes. 

II. BACKGROUND ANO CLASSIFICATIO:l' O~ IAND GUIDANCE TECHNIQUES 

Our present land guidance system is quite naturally a product of Am·~rican 

ideological development, as.well as legal and historical accident. An appre-

ciation of the social, economic, and psychological environment in which the 

American systern of land-use controls developed is vital to a thorough understand-

ing of its present structure and limitations. This country's vast endmv.nent 

of land, the traiitional American desire for groNth, love of freedom, reverence 

of prívate property and free enterprise, distrust of governm:nt, and the large 

n~nber of relatively independent local gove~~ents in this country are all 

1 f h
. . 1 e ernents o t l.S env1.ronment. A better grasp of our land guidance system can 

also be achieved with a knowledge of the more or less traiitional classifi-

cation of techniques and approaches that constitute the system. This 

1 See (24), pp. 1-15 for a more thorough description of this environment. 
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. 
classification is _ grounded upon a. prima.cí:!.y legal division of govern.·nental 

powcrs and is basically as follows: 
2 

~) Contrcls and regulations flowing from the govenunent's ttpol::;..:¡; poHer." 

The police power is the government's right to exercise ttreasonahle 11 

control over persons and property within its jurisdiction for .the 

protection of the secu-r-ity~ health, safety, morals nnd general wel-

fare of the community. Zoning is by far the best known and !nost 

widely used land-use control based on this pow~r. 

b) l'o'\<Jer oi em1nent domain. This is the right of government to tuke 

prívate property for public use. In this country, thís ~ight may be 

exercised only if the owner reeeives "just compensation11 for the 

taking. 

e) Publíc spending pollcy. T'ne governrnent's abilíty to spend money and 

its policies with respect to the manner in which funds are to be 

spent represent very powerful influences on land use and developme~1t, 

even though these pm.vers are rearely used effect ively. 

d) Taxation policy and incentj_ves. CE course, the flip side of go'vern-

ment spend ing is goverrunent taxation~ Naturally, governm·=nt policy 

wlth respect to taxation and related incentives, especially ~.¡ith 

respect to real property taxatian, can be a ~owerful lanG guidance tonl. 

e) Gover7Ullent can also e'l.ter into contractura! agreements ar1d negotiat:;.ons 

•...rith prívate indivíduals. This ability can be used to do 110re effi·· 

ciently that which might otherwise be done under dne of the above. 

pm1ers, or to· allo'N the government to achíeve an objective whose 

attaín.<nent is otherwise blocked by legal difficulties. 

----------------
2 Refer to (JO) for a com?rehensive treatment of the structure and legal 

'aspects ot land-use-planning and control. Also see (43), pp. 199-217 for 
a swn:.nary of the hístory and nature of traditional controls and the curcent 
administrativa fran~work. 
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f) The gove~nent can also use its ability to ~isse~inate infonnation 

a~d mold public opinio~ to achieve so~~ measure of influence over 

land-use and developm2ntg 

III. REGUIA.TIO::-I TIIROUGH THE POLICE PCJI..JE~ 

A. LEG..\L M.CKGROUND 

In this country, the state is the repository of the ultimate pow•.:!r to regulate 

non-federal land and its use within its boundaries. The Federal governm:!nt 

do2s have some controls available to it, especially with respect to federally 

o~ed lands, but as the Constitution is now interpreted, the states retain 

the bulk of all d irect regulatory power over non-federal land g D·::!Spite 

this legal supremacy of the states in police power regulation, it has 

been predominantly the local gover~nents of this cou~try that have actually 

wielded the power over land and land-use. The states have been satisfied to 

enact enabling legislation wl-¡ich delegates the pow·~r for regulation of land-

use to one or more tYPes of local governmentg Mo3t of this enabling legisla-

tion was originally mo~eled after the Standard State Zoning 'Enabling Act (1926) 

and the Standard City Planning Enabling Act (1928) prepared by the u.s. 
3 Department of Camnerceo O~ce these acts had been passed and anended, w~ich 

a:ts usually set forth the criteria upon which lo~alities should base regu-

latory decisions only in very general tenns, the states preferred to leave 

land-use regulation to the local gove~~ents. Although this is now changing, 

it has been true in the past that even the Thderal gove-riun-=n:t had more actual 

impact on land use, through indirect means and control of federal lands, than 

states had. 

3 See (2), p. xvii-xx or (43), pg 201, for examplég 
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1 
It must be noted that even the stateá themselves areri~ited in the use of 

police powers by certain constitutimtüity standards, 4 Regul.1tions imposed 

under the police power: / 
a) 

1 
1 

mus t be construed to prornote the heal th. safety, morals J or: í;.(!teral 

1 1 
\-l1.'!lfare of the co-nmunity. Often, this has ¡be~OI a ::;.:¡:ong ces\. dction 

1 1 

on the use of such regulatiohs ~ Ho·.vever, the scopc of t:he ge;-,e;.-al 

welfare has been more liberjlly construed over the yeara. In 1954, 

¡ 
in the case of Ber~~-Y.• Parke.E,, the U. S. Supre;ne Ccurt fou;td that: 

1 
"The 1 concept of the public ~-12lfare is broad and inclusive.,. It is 

withln the pow2rs of the Legislature tó determine that the co:nmunlty 

should be beautiful as ~ell as h~althy, ,spdcious as ~.¡ell as clean, 
' 

5 
well balanced as well as caref6lly patrolled.'' 

1 

b) must apply equally to·all, unless very goo:l objective reasons exist 

for treating individuals differently. 

e) mus t be "reasonable" and ca'nnot be imposed if it can J.egally be con· 

s trued to be an effective "taking11 of property. 

B. ZO:JING_ 

Zollíng ís the most \-lidely used land-us§! control. Basically, the zoning ordi-

nance divides the local goverhment's jurisc:Íiction up into one or móre sets of 

districts or zones. Wíthin each zone uniform res'trictions are placed on land 

use. Such restrictíons typ'ically include rest:fictions on the tiype of u3e per 

mitted in the zone, maximl.Ím and minír.lum lot s izes, den:> ity restrictions, and bulk 

and height restrictions on build1ngs.
6 

Iri general, zoning ~as basical~y a 

4 For detalled treat,nent of these and other legal aspect's of lund-use control> 
see (30) and the c~assic text on zóning, (7). 

5 (26), p .. 124. 

6 See (24), pp. l;l-53 or (7) for a more. co'11prehensive cre'atment of zoníug. 
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convenient extension of nuisance lao;.¡, which made public in advance those types 

fl d 1 h 
. 7 

o an use wh ich would be cons id e red of nuisance va ue to t e commun~ty. The 

primary purposes of zoning when it was originally developed w~re: (a) to avoid 

conflicting land uses and (b) to stabilize and maintain property values in 

the community. 8 It received its first majar push in 1916, when New York city 

ad t d "t f" t . d" 9 
o~ e ~ s 1rs zon1ng or 1nance. In 1926, the u.s. Supreme Court settled 

the growing controversy over the new technique by upholding its constitution-

10 
ality in the case of Yilla&e of Euclid Vn Ambler Realty Co. Zoning then 

caught on quitelquickly. ln 1968, 6,880 municipa1ities and 2,004 townships 

h d . rd. 11 a zon~ng o ~nances. To:lay, Houston, Texas is well known as the only 

majar American city not to have a zoning ordinance. The citJ relies on a pro-

gram of careful enforcement of prívate _deed restrictions, public land acquisi-

12 
tion, and pub1ic facilities progra~ning to guide 1and use and development. 

In theory, if not in practice, the regulations imp6sed by zo~ing (and other 

' 1 

land-use controls and guidance techniques for that matter) should be based 

upon a comprehensive or ''master" plan setting forth the goals, policies, and 

13 
general course of action of the co:n:munity for the years to co:n~e Despite 

many legislative and judicial mandates to the co~trar;r, this is almost never 

-----------------
7 (50), p. 4. 

8 

9 

10 

11 

12 

13 

See (12), p. 316 and (41), p. 94. \ 
\ 
1 

See (24), pp. 20-23e Also see (68) for an interesting 
cal account of the rise of zoning in ~merica. 

See (68), pp. 213-253 for an extensivel acco•.mt of this 

(220, p. 5. 

1 

and detailed histori-

case. 

See (74) and (49). \ 

See (13), pp. 112-115 for a brief disct•lSSion 
plan and the planning process as a ted/mique 

\ of the us,e of the general 
for guidi

1
·,ng urban growthe 

s/_ 
¡ 



the case. Even when a plan or plann,ing prccess exists, all too often it isn't 

used in guicing the actual dec:i.sions made, or the plan itself is either too 

vague or too long-ranged to be 'of any practical assistance in determining 

pylicy or &etting criteria. 

To :m~et the challenge of acct:lerated urban grm,rth) and the co;nplex ramifica7 

tions thereof, z0nü1g has bE:en made a more flexible and \vorkable tool over the 

. ll~ years through mo:i.i.ficat:i.ons and additional techn~ques: 

a) The variance. A sim¿le escape va]ve, it allow·~d for exceptio\1'3 to 
\ 

be ;n • .::.de in cases of extre-me llardship o As could be imagined) quite n. 

bit of abuse and corruption w.:ts associated '.¡ith the applicat ion L)f 

this amendment pro~edureo 

b) The special per.ni.t: For SCí.IlC; zones, a list of activities was \,>ritten 

into the zoning ordinance. Thes;:_, were not a] lowe.d by right, but a 

land OW'1er could a¡:¡ply for a "special permit" for such a use, issued 

at the díscretion of the municipality. (Also called an "exception") 

e) The "floa.ting zone" or "u"l!tlnpped zone" w¿s a zone described in the 

text of the zoning o~inance but not specifically allocated a partí-. 

cular land area nor located on the zoning map. This zone would be 

created for uses that would be required, but whose desirt=!d lo::ation 

was in doubt or was decided to require individual discretionary treat· 

m•?nt. ·A lando;.mer, desiring to carry on such a use, would apply to 

the govern.nent to l1ave the piece of land in question placed in this 

a:;patial ZOlle. 

d) In "contract zoning" or "conditional zoning~" t:he municipality merely 

a~rces to a desired rezoning if the ow-1er agrees to place cer~ain 

conditions on the use of his land through a contract or deed restrü>~ 

tion. This technique per.ni.ts a:ided disc:cetion and flexibílity on ~·he 

14 ( 5) ~ pp • 6- 11 
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part of thc government and has the a1ded aivantage of setting no 

troubleso~~ legal precedentsG 

e) With changing technology, those uses which wcre once considered incan­

patible with a certain type of la~d use can now be made to be can­

patible and often desirable in a certain use area, like a factory that 

is neither noisy nor offensive, offering nearby jobs to a travel-

w·~ary co;n_n•.mity. Sim¡:>le lists of permitted uses are no longer aiequate. 

To cope wlth this change, a technique called 11perfor.nance standard 

zoning" has becn intro:luced. Insteai of sim¡>ly listing uses that are 

allo~ed or prohibited, performance sta~dards are set that must be met 

by any use in the zone. Thus, if a re:Search and develo¡>"ll·~nt firm can 

conform to the stand.ards of a res{dential zone, it would usually 

be per.nitted. How<:!ver, great care must be taken in specifying prop·2r 

standards. 

f_._ ZO;\JIN'G DR'\JlBACl$_~ 

Over the years, quite an impressive list of crlticis~s of z~ing has been com­

piled by planners and others who deal with land-use controls. Much of this 

criticism is justified, how~ver not all of our land-use problems can be attri­

buted to the failures of zoning. Tnis can be be~ter appreciated if wc 

acknowledge a rather useful dichotomy in the drawbacks associated with zoningG 

~1ile sane of the criticis~ can justifiably be leveled at zoning and the manner 

in which it is presently being administrated, others are less fair in that they 

merely point out that zoning has been unable to cope with problems and needs 

for which its use was never intended. 

Among the problems attributed to zoning \.fhich fall in this latter category are: 

a) Zoning is a ".n.egative" technique. It was intended to prevent undesir­

able uses. It cannot be successfully used by itself to insure that a 

- 7 -



given use will establish itself Ül a bivell place, ~•inc.E' zcnin.g a parcel 

for a certain use ca,mot J.nsure that th~ owner or other d.:veloper HLll 

establish such ~ use. 

b) Zoning was developed for regulating re!atively small-scale develop" 

ment, as occurs on the small lo~;:; usually found in develo;:H:d arcas,_ 

It is too rigid. and inappropriate, fo:c use on large sea le developmenr:s. 

c. Zoning was intended for the regu]ati.cm of developed l~11d. Jt is 

inappropriate to try to use it to regulate undeveloped lanrl ur as a 

tool to gu,ide development in suburbaniz:ing are:'ls. 15 
The developmept 

process is dynami::, complex, aud .founded upon prívate L1itiative fcr 

much of the land use that eventual_ly occurs. Zoning is negative, 

primarily static, and flexible. It has been a dismal fdilure i~ effec-

t ively controlling development, especia1ly the prob1em >Jf urban sprm.Jl. 

Zoning in undeveloped areas estab1ishes specific uae d~stricts long 

be fore anyone cou1d puss ib1ey determine the eventua 1 development pat-

d h l . d f h "f" . 16 
tern an tus t1e WLS om o suc a spec~ 1cat1on. 

1 
Tl-'.is premature 

restriction often 1eads to an undesirable development patte~ and 

unnecessary and costJy land specu1ation. On the other hand, zoning 

restrictions in such areas often have no effect, as they fall in a 

piecemeal manner under gror..Jing deve1opment pressures, stripping the 

connnunity of any unified approach to the challenge of growth that might 

have been adopted if not for the fa1se sense of protection offered by 

zoning. 

15 See (32), p. 13; (41), p. 98; and (46), pp. 15-16. 

16 See (46), p. 19. 
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d) Related to the above problems is that of "overzoning" and "under­

Z011ing."17 Zoning for uses for which there is little or no de;nand, 

in the idle hope of attracting_such a use, is counterproductive, 

especially wl-¡en such actions only act to artificially increase land 

prices. The land goes idle or is developed in an inefficient and 

scattered manner. Underzoning for.a use can also be counterproiuctive. 

TI1e attempt to_exclude a use often fails under strong devclopment 

pressure, and w'l-¡ere the w·~akest link breaks will often be far fro:n the 

' 
most desirable location for the use.t 

Of course, many of the criticis~s of zoning are w2ll founded, even when 

restricted to consideration of the regulatory role for wl:lich zoning was intended: 

a) "Fiscal zo'1ing" refers to the use of zoning and subdivision regula-

tion "(1) to zncourage for,ns of land development that minimize the 

need for ser..rices, and (2) to .naxi.mize the ratio between taxes reserved 

d ' . ..18 an serv1ce cost. It is only natural for a co:runu:üty to try to 

exélude persons who require expensive municipal ser..rices and encourage 

the settlement of revenue-producing industry when lo~al pro?erty taxes 

are the primary source of g::wernm·~nt revenue for providing requi_red · 

lo.;al facilities and ser..rices in a lo~ality. How2ver, 0'1 a 11etropoli-

tan or regional scale, this results in a very inequitable and ineffi-

cient distribution of financial and public-service burdens. 

b) Zo11.ing provides a very piecemeal approach for a~co~oiating changing 

conditions. Tne excessive and ad hoc manner in which variances are 

handed out violates the intent of the zo"'l.ing ordina11ce and has an "erod­

ing" effect on the -comnunity.
19 

17 See (46), pp. 13-14. 

18 (22), p. 12. Also see (45), p. 28 and (32) pp .. 18-19. 
\ 

19 See (32) pp. 13-14. 
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e) In many cases, zoning do\:;s not even fulfill it:s trad ;_ tional objective 

of stabili.zing la':ld use and property values. Development pressures 

and corruption often result in rezoning not in the co-n:nunity 1 s best 

inte..-cst. This is merely exacerbated by deve1o?ers' ten.dency L•' choose 

lcwer-,pric.ed land :>:oned for 1ess intens ive use :• fully confident' · n 

20 the ability to have the J.and successfully rezonedo 

d) Zoning is frequently.constructed ~o asto limit and discourage even 

desirable discretionary flexibility~ 

e) The pre$ent syste~ of appea1s ~1ich relies heauily on tbe expenslve, 

inefficient, and unstandardizerl judicial pro:::ess results in a trem·:!n~ 

d f . d bl . . d 21 
Ol"S W.;tStP. o pr1vate an pu .. 1.e t~me an moneyo 

f) The prese~t system-of dealing with nonconfonning uses is ina1equate 

and fails to aiequately dü:tinguish betw·~en innocuous and undesirable 

cases of such 22 
uses. 

g) Zoning is all. too often usf'd by co:nm'.lnities to exclude seg•rK:mts of 

so:::iety they find undesirable o~ fínancially bürdenso~e. 

D. OTriER REGUlA TORY DEVICE S 

Subd ivis ion co:J.trol is another lan.d ~use regulatocy device. U.1der this fonn of 

regulation, the municipality démands tnat ~ertain requircments and staniards 

be m~t befare a lartdowner can subdivide his land á.nd sell or develo¡:> che 

resulting plots. This sort of zoning, in advance of development, is meant to 

control and provide standards for d~veloping land. 
23 

For example, municipalities 

20 See (5), pp. 59-60D 

21 See (5), pp. 154-159. 

22 See (53), pp. 100-121 for a detailed discussion of this problem and sug­
gestions. 

23 Sec (28), pp. 449-484 for a :ietai.led treatm·~nt of subdi.visjon regulation. 



use an official map of public streets to provide for public streets and insure 

that existing and officially proposed public streets are not endangered by 

prívate construction. After land is designated to be used as a public street 

and this is officially adopted as part of the official map, a prívate landowner 

cannot build on land so designated without prior permission, and if he should 

subsequently build on this land without permission, he cannot collect any damages 

for the improvement if the land is then actually condemned for the road. 

A more recent land-use regulatory concept, though still a kind of zoning, is the 

Planned Unit Development (P.U.D.).
24 

This has been introduced as a more flexible 

and desirable alternative to traditional land-use controls when the development 

of a relatively large tract of land by a single owner is proposed. Since the 

requirements for the development and the eventual approval is based on the-entire 

development in a case-by-case fashion, there is much more room for flexibility and 

discretionary control. Much more diversity and mixing of uses within the develop-

ment is possible than would be possible under normal zoning and subdivision 

regulations. 

Sorne states perrnit municípalitíes to plan for land outside their legal boundaríes 

within certain limits. Sorne states have gane even further and have extended this 

25 
extraterritoriality privílege to actual subdivision and official map control. 

However, as Beverley Pooley points out: 

the usefulness of the device in metropolitan areas ís very small; most 
metropolitan areas consist of one or more munícipalities in a densely 
populated area. In most cases, the municipalities which forrn a part 
of such an area are islands - or at best, penínsulas - in a sea of in­
corporated territory ••• Therefore, .•• an adoption or extension of the 
extraterritorial zoníng principie in unlikely to be the key to a 
solution of metropolítan planning problems.26 

24 For a detailed exploration of P.U.D. 1 s, see (40) and (72), the latter 
especially for legal aspects and model legislation. 

25 See (22), p. 6 and (67), p. 15 for deta'us. 

2 6 (53) ' p • 2 3 
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_l_V_. __ üTJ-lER ].AN_!J-.!:!_~E AND DEVELU?NENT GUIDANCE TEqlN!:_<1UES 

A o PUBLIC LAND ACQUISIT_ION 

There are various \vays in which govenunent can acquire land: "land can be 

acquired not only. Le eminent domai.n but: by Pxcess condemnation, voluntary pu·c-

el tase, tax re·Jers ion, rnortgage for2c1 o cure> long-te rm leas e, r2<. l::tmat: ion and 

. f d " ,,2 7 g1 t an ccquest. Similarly,. thcre ar.e vaded purposes for public land 

assenu"Jly. 28 
Among these are severa:l ment:Loned by Fred Bos8eh1dt1: to help in 

!.he assc¡r.bly of si~es for Largt?-Sl:al':! devel.)pmentc, to !.·est.: Ll or leas<:: \.Jith 

restrictions for public oLje'ct:ives and to protect neiehboring puhlic facíliti<:;s, 

for use in tht: futur.e for puiJlic faci 1 jtles, and to p::-event immc~diate dc=.velopment 

.:md insure control over futl're de ve lopment. 

The use of the power of eminent doma in, 1 :i.ke that of pol ice powcr, has legal, 

1~estrictions, although notas scvere., The prirnary rescrict.i.on is thA.t condemnn-

tion of land must be for a publíc purpose 2.nd must be statut:orily authorized. 1 

However, this legal limit on the use of this powcr of compu:sory pu~chase has be-
' 

come less restd,ctive over the years: "Indeed, concepts of public pu.rpose will 

probahly coutinue to change as thc gon-1ing s ize and complexity of the modern 

metropolis requires actions which would not have been considered in the publ~c 

• r 9 
interest before.":L Of course, the legal restricticns are not the only protJ.ems 

associated with the exercise of the pmver of emin.;nt domain. Becduse of the 

excessive cost and time loss that results \vhen a lando>vner contests a cc:ndemnation 

action in court, it is often more expedicnt to negotiate for purchase or use sume otber 

27 (67), p. 11 

28 ( 11) , p o 41 

29 (21) , pp o 355-356 

- l2 -· 



approach. Hor..Jever, the pow·¿r of eminent doma in is s001etimes the only feas ible 

approach, such as in the task of land assembly for urban renewal projects. 3~ 

An approach which is betw·;:en regulation and total fee acquisition is the 

acquisition of "developm~nt ri'ghts. 11 In this approach, the govern.t~ent buys the 

owner's right to use or deve1op his 1and in a certain way, but the o~er 

retains possession. This approach was at the heart of the British Town and 

Co~<try Planning Act of 1947 and is the basis of scenic and co~versation ease-

ments. A major drawhack of this approach is that it is very difficu1t to ma~e 

a fair estimate 1of the va1ue of the develo?ment rights w~ich are being con-

de:nned. 

B. PiJBLIC INVESTt-BNT PROGRI\'f'.NING 

One very potent, although often ~derutilized, to~l for guiding 1and develo?-

ment is government policy on public inves tment programming. A w·~ll formulated 

and coordinated progra~ for the selective provision of public facilities and 

services can have a great, if not deterillinative, impact o~ land develop~ent 

in undeve1o?ed areas. This is particularly true with respect to the plac~~ent 

of major highways and interchanges and the extension policy wlth respect to 

sewer lines. H)W·~ver, at present, because of jurisd ictional and functional 

fra~0ntation of gove~mental authority and poor planning, few 1netropolitan 

areas have been able to afford th~t~selves of this potential1y effective land 

guida~ce tool. 

Another area of great potential for land-use and developm~nt guidance is taxa­

tion and incentives policy. 31 Of co~rse, po1icy with resp~ct to real property 

-----~------

30 There is a tre;uendous li,terature dealing with urban renewal. 
introdu~tion to this concept and redevelop~ent techniques see 
pp. 84-87 and (28), pp. 485-519. 

For a brief 
(32)' 

31 See (9)·, pp. 565-577 for a iiscussion on the rise of taxation as a 1and-use 
contrvl. 
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taxation is the most direct and forc~ful possibility. In evaluating ~olicies 

with respect to property taxes, ~e will later find it very helpful to consider 
1 

the real property tax as being made ~p of two components: a tax 011 the cite and 

a tax on the buildings and othcr prívate improvewents on the lar.d. One must 

also be aware o·f another important point. The real propcrty tax is e;. tax on 

value and not income. Although-the tax rate may seem small, it is often 

equivalent to an "incorne tax'' on the lsnd of as much as 20-35~1.. ::i: 
If th.:: land 

beirt[; taxed is id le, the effecti.ve jt1eorr:e tnx c:tte is te:;hnically i.~fin'.te. S~t.::h 

an :Lmr .. ortant. ecqnomlc factor as this rnost surcly would have a s1:rong effect on 

3H 
the a.ctions of priva te lando\-mers witl1 respect to landholding and developrnl:'nt. 

The property tax is now used in most areas of the United s·.::ates. It :i.s !lSecl 

in many different locales with many df_ffe.cent resul.ts; however., a prime effect 

i.s :::he d iscouraging of land irnprovemcnt and building maintenance or· modenliza-

tion where it is most needed. In stagnant or blighted areas where u: .. x assessment 

usually lags behind the decline in property values, the part of the propcrty tax 

on buildings and prívate improvement::s discour&ges the needed nE:W developwent and 

renovation. 

Other taxes also have impacts on land~use and development. Three example~> 

often cited are federal policies with respect to the capital gains treatment of 
1 

land-based income, allowances on incorne taxes for certain clasDes of ho1ne.ownern, 

and deprecia tion allm·Jances for building owners. 

The Federal government ü also inl'luent.:ial by way of its •.Jarious incentlv1;s 

prograrns and grants- in-·aid prograrns re lat ing to home O'wnersh ip, 111ortgage loans, 

34 
urban renewal, and pub1ic housing, to mention a few. Unfortunately. most of 

these incentive prograrns as \vell as tax poli cies are r.ot: coordinated lnto a 

single effective development policy tool. 

32 [2ll, p. 123. 

33 See [59], pp,, /¡3-48 fur a detailed cvaluatior, of the effe('t of ta:xatL.m ca 
a landowner 's abil ity to hold land. 

34 See [21], pp. 41, 6~. 
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A. FR.>\.G.'1ENT.ATIO~ AND PAR08HIALIS~ IN USE OF TOOLS ------------ ---------------~--~--~ 

Fred Bosselman characterized the present land guidance system as: 

the feudal system under which the entire pattern of land development has 

been controlled by thousands of individual local goverrunents, each seeking to 

maximize its tax base and minimize its social proble~s, and caring less what 

35 happens to all the others." 

Coke artd Cargan convincingly demonstrate that fragmentation of land-use 

controls occurs irl two fundamentally different ways: (1) areal or spatial 

jurisdictional fragmentation caused by the existence of thousands of relatively 

independe~t general purpose local gover~nents and (2) functio~al fragm~ntation 

resulting frO'Tl the existence of nunerous levels of governm·:nt, special 

districts and special purpose agenci~s with very little coordination of 

t . . . . l . h 1 1 . . d. . 36 ac 1v1t1es, even w1t11n t e same oca JUr1S 1ct1on. Co~<e and Cargan feel 

that the latter for.n of fragmentation is particularly da-naging and hasn't 

received e~ough cons ideration. A case in p:)int is the co:rnnon lack of co:)rdi-

nation and coo?eration betw2en the planning agency and the agencies which con-

trol highway and sewer construction. The result is that if anyone is actually 

doing a~y effective planning, it certainly isn't the planning a~e~cy. Of 

course, this is not to be interpreted to :nean that "spatial" fra~entation 

is not a serious problem. Parochialis~ and self-centered myopia ~-uong local 

governments in their application of land-use and develop~ent controls is legend. 

Recently, exclusionary p~actices, only one part of the massive and intractible 

probleill, has gained wldespread interest. 

35 [12], p. l 

_ 36 See [22], especially pp. 1-2. 

37 [21], p.·6. 
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B. PR03Lt;~t-l~ IN PLAl'f\lWG AND ADHINISTR.A'TION ------ . ,., ___ _ 
As 1-1as n.entíoued ptevioesly \11ith respect t:o zoning in pa·cticulat", there ha~ 

bE::en little serious effort to 2::;tabl iah <tn etfective, co:nprehensive planning 

proces!:i which 1-1ould guirie the <>Stablish;nent of land-u3e and dcvelop:ne'!lt policy 

·1nd se:1. usahle c.riteria for t:he adm"inistrstio'l of J.and gtüóance te~hniques. 

Oniy r!2cent1y ha·Je federal grant-in-ai.d progn111S with co:npre1-;ensive m¿trO;:'(:.~i~ 

tan and regional planning require:nent.s sta-rted to change this siteationo 

An:::>tl··er majar problern is t]¡t: fail.ur.:: of O'Jr present l&Tld~t:se p lanning and 

n:gul:::~.tory polir.ries to refJect the comp!.e;dty and pluralism uf the land m.:n~k~c. 

and the development p1:ocess o Ma-cion Clar..;son observe!:i: "Decision-making in 

t.he suburb&n land conversiou p:tocess ÍS highly diffused; there are ;nany ac:tors 

and maoy pr.o:::esses-, co-:nplexly interr-e1ate.:!, with m.L11erous fe~dbacks •• o No 

single person, grou?, or public agency is r2sponsiblP. for the kinds of suburbs 

. b - , .. 38 tnat are '-'L .. t o o • o 

Given this situation~ govenments having the responsibility of guiding "i.and 

use and development to achie,re accepted public goals should take these realiti 0 5 

in t.:, .:;ons ideration in the for1nulation of a-ppropriate guidance pol i::::ies ~ h 

pol:L~y wl:lich on the surface :nay appear to have: rather obvious conseqt;et1-.:es 

might produce rather u7lex.pected and undesirab1 e results. A simple exa11ple is 

that of the locality that desires a sho;>ping center in a pa-rticular lo-:ationo 

'fhe see:ningly appropriate actiro of zo:üng this land for a shopping center may 

achieve just the opposite result by caus ing the price of the land to exceed 

, ' . l d b . , 1 , . 1 - 39 
tnat '"í!~C 1 woul e e·conor¡n.ca_ y toJOri{.ao e. In order to impr.:>ve this situat.L.~)'l 

38 [21] p. 5 See also pp. 58-140 for an extensive exploration of the 
suburban land market, the prime :-noven:;, and processes i!"lvolvedo [75], 
pp. 78-82 provides further discussion of this ~atcero 

39 See [46], pp. 12 - 13 and [l4Jl pp. ó2-68~ 
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it is first necessary to impro~e the available data on land uses and substan-

tíally íncrease our empirical knowledge on the working of the development process 

40 and the factors which affect land development. 

Finally, among administrative problems of our present land guidance system, 

are the quite often repeated charges of ineptness, lack of professional staffing 

in capacities requiring them, serious and repeated instances of conflict of 

interest, and simple corruption. 

C. INABILITY OF PRESENT TECHNIQUES TO MEET PRESENT NEEDS 
\ 

As was especially true of zoning in particular, the total system of regu-

latory controls which now constitutes the bulk of our conscious efforts to 

control land-use and development are not capable of the positive, dynamic guidance 

required by the chal~enge of urban growth and related urban proble~s. These 

controls, especially as presently administered, are generally inflexible, over-

detailed, and static. As F; Stuart Chapín points out, land development is a 

d d h f . . . 1 41 ynamic process an t e sequence o events lS cr1t1ca • The present inability 

of land-use controls to effectively deal with the timing of development is a 

critical shortcoming, urban sprawl being the major case in point.
42 

"Simply 

stated, our methods of land-use regulation ••• were woefully inadequate to 

regulate.undeveloped land in the urbanizing frontier in the face of the methods, 

43 
scale, and speed of post-war growth. 11 

Another major shortcoming of our present system is its failure to suffi-

ciently 11 take into account 11 the externalíties and interdependencies involved in 

land use. As Clawson points out: 11Externalities and interdependencies in land 

41 [ 71 P o 2 
1 J • 

- 17 -

o 



use affcct the use and value oí each tract of lend more than do aclions \\lithh1 

each tract. Yet the :nechanisms to r2duce or elimtnate negatíve externalitics 

' 44 
and /or to iucrease positive externalities, are weak or ab:;ent .. 11 This ~ of 

c:ourse, is merely part of the more general failure to tal<t~ into accou:'lt more 

fully both total cO!IT!nunity and metropolitan or regional considerations in the 

establishing of land-use and devel.opme"nt policy and th~ applí.:atbn o{~ laud 

guidence techniqueso 

1\:dde frorrl such glar Lng exullples as ex:clusionury practices and administi"cl· 

livP. corruption ~ the1:e d":'e uthet" economic inequit:i~s built. into our pres.~nt 

sys te:n of land euiuance techüquc<:> ~ ~iihich can be publically inefficient as ~.~elí. 

ag pr1vately ~tjuriouc. A prime 3ourcc of such inequitie& ls the h~etican 

"princ_:iple 1
' that the owner of land is entitled to ..!ll increases !.r. value of 

that land, even if such increases were prompted entirely by public investmcnts 

and oth~r actions o ~Je thus find ourselves with a rather one-·side:d system under 

which we feel obligated te; compensate a landowner for losses in va]ue resulti.ng 

from direct government regulations, while the losses suffered as a result of 

indirect public actions (such as building a higlnmy interchange in the next 

town) and u,earned gains resul ting fro::t1 various govenu-nent actions are ignoreJ o 

Not only is this "unfair," but the process by which the p1..:blic hands out 

bonanza.'; to a lucky fe\v is harmful to the general w2lfare because of the increased 

public cost and undesirable developrnent that oft~:n results f:r.o-n the vigorous 

land speculation acompanying Lhis real estate "jackpot" game • 

. 
Another major inequity, which atso winds up decreasíng gener'll w.;lfare, 

relates to developers or pruspectivc rlevelopersn The complex, costly, and tilre-

consurning character of the process by which a developer obtains the various 

per1nits and approvals necessary iJefore construction can bq~in is é•'ell knm-m. 

------------------
44 [ 21 J ' p o 6 ~ 
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Of course, when, on either val id or inval:d grounds, a government agency finds 

a proposal objectionable, the costs of atteooting to reach the .construction 

. 
stage are enormous. These costs, which are eventually passed on to the con-

sumer in one form or another, result fro~ an unnecessarily complicated and 

awkward administrative system, characteristic of most goverrunents and the 

entire judicial appeal process which is involved. These costs are of course 

rnost objectionable when they are used to discourage or prohibit a developrnent 

for what is actually exclusionary or otherwise invalid purpose. 

VI. THE NEED FOR -GHANGE 

A. FACTORS PROMOTING THE STATUS QUO 

One fact must be faced in exploring the need for change in our land gui-

dance system. That is the_ resistance to change that will be forthcoming from 

those who are satisfied with the status quo. Of course,there are the ideological 

barriers to change, the exclusionary and parochial interests less concerned with 

the more comprehensive welfare than their mm self-centered desires, and the 

ubiquitous speculator, who relies on the present system to make a fast buck. 

However, there are also less glaring sour=es of such resistance. As Clawson 

points out, even our "urbanized regions" have sufficient land to absorb as rnuch 

as two decades more of population growth ~;ithin their present boundaries. 
45 

It 

is of paramount importance to realize that much of the population, especially the 

powerful and vocal segments, are satisfici with the present suburban growth 

process. Many suburbanites find their present existence desirable, despite the 

planners 1 e riticisms of sprawl, monotony, and exclus ionary practices. TI1ey 

enjoy the temporary insulation from city ?roblerns their traditional controls 

45 [ 21 J, p. 8 
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afford them. The proi.Jlems that do exist in the developmePt process d-ón't appear 

1: . • ] 46 d 1 h to ,e cr1tLca an so many peop e ave no great incentivé to push for cl1ange. 

This widespread apathy toward the need for lmprovement on the part of the popula-

tion is only worsened by the wide variation in development pressures chroughout 

l~ 7 
the country. In many areas where Jevelopment pressu:ces are not strong, the 

fear of radical, new, governmental techniques domínate a.ny weak concern ov,;¡¡: 

poor ~evelopment concrol. 

Despite this public resistance and apathy, there is no doubl about ~he necd 

fnr chanGo?.· Thcrc are serlous land-use antl development problems ranging trom 

ccstLy and inefficient spread of sprawl te the more socially oriented prohlems 

of racial exclusion and lack of suffl.cient low-income housing. He muse in.prove 

our land guidance system if we are to snlve these pressing problems. TI1e need 

fcr Stleeping changes has bcen pu::.hod home by a recent rash of major yeports 

.ceconnnend ing wi th a remarkable degrae of unanimity a vast array of actions and 

48 
new approaches, some of them very radical by all but very recent standarlls. 

This, as well as the recent federal lcgislation that it has spawned, provides 

very strong suppor.t to the cr ies for re fonn \\lhich planners ha ve been uttering 

for years o 

' 

B. HOH TO PROCEED? 

The need to reform is clear" The ques e ion remains as to hovT we can best 

. improvc the system. In consideríng the various alternatives and mixes of approach ... s, 

it is illu;ninating to conceive of the space of possible- actions as being defined 

by iive "axes of vari.:;.tion 11
, so to' speak, which define dimensions of 

46 See [21], pp. 3-4. 

~7 For example see f27], pp. ii-iii, 22 

48 Ser~ í32] for <m excellent cumma1·y ano an;:dysis of five of these n:ajor reports 
wh:;..ch include jl¡.3], [1], and j2J. 
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variahilit:y~ MentionGld by Dannia 0 1 Harrow~ 49 t:héae a.'Coa "'lt:lY bo axpra!HH!d 

through the extremes of the dimension of variability they represent: 

l. Government level: Federal - local 

2o Incentives - Prohibition 

3a Regulation - Acquisition 

4o Development agent: Public - Prívate 

5o Com?lete control - Free Market 

Each policy and technique we consider would be a point in an "action sp~ce" 

defined by the appropriate position along each of these axes. 

Another important point should be maie concerning proposed im?rove=~nts. 

Significant differences exist a~ong the tasks of guiding land-use a~d develop-

ment in developed areas, undevelo?ed areas, and in developed area~ that are to 

undergo redevelopment. It is essential that we appreciate this three-1;'"-y 

distinction and adopt separate policies and techniques for each of thes~ toree 

d ifferent tasks. As we have pointed out above, w·~ cannot expect Z0'1~ng, a 

device intended to regulate land-use in developed areas, to be an effe~tive 

50 
tool in guiding develo?ment unless it is integrated with other planning policy. 

Finally, any search for new and improved approaches to land guidan~e must 

consider the matters of effectiveness and economic, legal and political 

feasibility. Of all these, the one that will ultimately prove lea~t co~se-

quential,_ despite previous and present difficulties, is the questio'1 of legal 

feas ibility. Fred Bosselman is not alone in observing: "The courts ha·;e 

aiapted constitutional standards to ;neet the nee.:ls of a changing so:::iet::. The 

increasingly grave problems caused by uncontrolled develop~ent on the f~inges 

of metropolitan areas create both the ne2d and the co~stitutio~al justiiication 

for new techniques."51 

49 [48], pp. 140-141. 

50 See [32], pp. 13-14; [46] pp. 23-25; and [67],·p. 69. 

51 [11], p. 69. 



VII~ PRO:?OSALS FOR üt.PHOVING THE PRESEN·r SYSTEM 

~n.1atever the actual controls 'and techniques employed, a p:t"o.fess·i.c•n:-11 and 

well-coorJinated planning process should be the foundatlon of any land ¡::uidance 

system" There is no doubt that we must improve the quall ty ot and strengLr.en 

the role vlayed by rlanning j_n, such a system i f we are to :::chieve satisfnc:>.:.~¡ry 

results. However: we nmst be c:areful not to i.nterpret this as a lOtandate ior. tl1e 

use of the most large-scale, comp1 ehens:i.ve, long-~:ane;e planning pos:>ible, 'i'':ete 

is a substantial need fór local 1evel planning as -;.¡ell as highe1·-level pl~:·a-

l ' 
ning effort~, and cruly C0'.1lprehens ive long~range planning on even the metro-

po1itan sea] e is either impossible or to::J vague to be useful.., n1e most 

important objective is the achiev0ment of the proper mi.x and. coordination oí 

short-, mid-, and long~range p1anning at al 1 V:ve1s of g,over:~:nent. E\Ten ÍH 

theory this is a big order, and the political realities of pluraliam in this 

count17 are not to be ignored in trying to achieve this goal. 

A. AD:tiNISTR:\T IVE REC0::1MENDATJONS 

Recommendations for improvements in aiministration of laud-use aud develo?-

ment regulations have been ntL11erous and m:e among the most tradi.tionaj sug-

52 
gestions forwarded by critics of the present :i.rnplementation of land-use controls. 

Che major adrninistrative suggestion is that the state set standards of size 

and administrative and planning competence on units of local governrnenc that 

, d . 1 d - d 1 l 53 
COUL exerc1se an -use and eve opment co~t~o s. Gavernmenta l u1.it.s not 

' 
meeting the~e standards would forfeit thcse poHers to a higher level of govern~ 

me"'1tQ Along Hith such reco:nme.,..dations co:ne suggestions that states set forth 

--------· 
52 For so"lle exa"llples of recent suggestions in this area see [32], pp. 25--39. 

53 See [32], p. 16 and [21], pp. 352~353 for exa'11p1es of such suggestions. 



in thcir enabling legislation more explicit standards and criteria for aiminis-

trative procedure and the grounds upon which discretionary decisions should be 

maie. Hopefully, such action would per.nit greater unifonnity and fairness in 

the application of co>1.trols, make lo::al pro::edures m·:>re efficient, and expedí te 

the appeals process in both the courts and superior review a~encies. 

Pro:ninent amoTlg aiministrative recO·TDnendations is the su.sgestion to replace 

the various zoning, building coie3, plahning, and appeals agencies and officials 

54 in a municipality by a ~ingle adninistrative agency. Su~h an agency, which 

55 D·:nnis O 'Harro·.v has referred to as a "development control agency," w·.)uld be 

responsible to either the local legislature or chief executive and would per-

for.n all functions a~sociated wlth the planning and regulation of lartd-use and 

development, except for "a::lopting and amending plans and ordinance3 and 

adopting and making majar a11endments to the ZOTling map, which will remain the 

prerogative of the legislature."56 A co¡nplementary measure would replace the 

various ordinances and rules dealing with land-use and development with a single 

"development ordinance."57 These measures W.Juld insure a simpler, m::>re con-

sistent, and efficient regulatory pro~ess. The process might oe made even 

quicker and less costly for both the c~nunity and prospective applicant through 

an extensio~ of the "co:nprehensive permit process" utilized in a limited fashion 

58 under the Hassachusetts Zoning Appeals Law. The Am·:rican Law Ins ti tute is 

presently cm1pleting a Moiel Land Develop:nent Co:!_~, which would serve as a 

compre!wnsive :nodel enabling a::t for the states to use, and -which incorporates 

54 Se e [32 J , pp. 16-17. 

55 [48 J, p. 153. 

56 [32], Po 17 

57 Se e [67], Po 20. 

58 Se e [ 12 J' PP• 170-172. 
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d d . . . . h. . t ' . 59 many suggeste a ~tnlstrative 1mprovements WLt 1n 1 s prov1s1ons. 

Naturally, ad:ninistrative r2co~mnendations are !10t liTT1it2d only to ~hanges 

within a municipalii:y. Many proposals have been ma:l.t: to establish hig'i-¡er 

lev~l (usually state) agencies to ~ear. appeals fru.n lo~al regulatory agencies. 

Such ~p2cial-purpose, quasi-judicial agencies wo~ld relieve the court syst2~1 

of a grcat burden for which it: is not wzll suit:ed anyway. Ap2als fro-n sud: iJ.rt 

- 60 
agency cquld go :lirectly to the state 's hi ghest court. Such .;n agel':cy co:Jld 

also 0erve to develop and pollee unifonn aiministratl.ve stancards fm· local 

go·¡ernments, o·¡ersee the rcgulation and development of land a'1.d pro jects ot 
1 

statewiue concern, and even exercíse detenniw~.t:lve authority over lo:::al cc•n~ 

1 
. . . 6 J. 

tro s 1n certa1n 1nstances. A state appeals process has been established by 

the 'Hassachusetts Zoning Appeals LaY.J of 1969 for the lim:i. ted purpo3e of 

providing for needed low and moderate~inco:n~ housing by overrulíng exclusionary 

62 
zoning de~isions on the local level. 

Marion Clawson made a novel suggestion to decrease the monetary tem~tations 

for corruption in zoning and recoup for govenl!nent some of the unearned val ue 

landow.-ters acquire through gover.t.rnent actiort. 
63 

He proposed, that zoning and 

rezoning be sold through public auction to the h~ghest bidder anong persons ~1ho 

owned or had an option on land in an area deemed appropriate for the new :.ISe. 

So far, this proposa1 does not seem to have been tdken very seriously. 

---------------------
59 See [2] for a first tentative draft of the ruodel act. 

60 See [21], ppa 345-346. 

61 See [32~, pp. 17-18 and [5], pp. 166-167 for examples of such propo::als. 

62 See [12]. pp. 164-180 for a discussion of this law and an evRluation cf its 
success so far. 

63 See [20], for the details of this proposal. 
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B. PROPOSALS'FOR REALLOCATING LAND GUIDANCE FUNCTIONS 

Many proposals for the improvement of our land-use and development guidance 

system have involved the creation of more rational governmental units and the 

vesting of pJwers and functions traditionally the domain of lo~al gove~~ents 

! 

in such units and pre-existing, higher levels of goverrrnent. Although such 

proposals have met with much resistance and have struck directly at the heart 

of the difficult problem of irreconcilable differences of interest anong 

localities, they have been among the more favored approaches for~arded by 

planners. 

A~ong the least controversia! proposals in this area is the formation of 

so-called Councils of Governments (C.O.G.'s) for metropolitan areas and other 

natural planning regions. A C.O.G. is "a voluntary association of governments 

designed to provide an area-wide mechanism for key officials to study, discuss, 

and petennine the means - - cooperative, if possible - - of solving co~on 

64 problems. 11 C.O.G.'s do not generate the opposition that more radical pro-

posals (such as the creation of a rnetropolitan government) encD'.mter, because 

they are usually ~nly voluntary associations with an advisory capacity, meant 

to foster cooperation, but not involving any real loss of autono~y o~ the part 

f b 
. 65 

o mem er government un~ts. How2ver, one m~st traie the relative lack of 

opposition to such a proposal against the typical impotence of such gove~~ental 

boiies in effecting meaningful im?rovements in area-wide planning and la~d-use 

and develop~ent guidance. ?ne C.O.G.'s lack of any real po'N=r, the zeal with 

w~ich member governments guard their prerogatives, and the usual one-vote-per-

governnent unit rule all tend to severely limit the efficacy of this approach. 

-------------
64 [22], p. 32. Quoted fro~: Jo~n ·C. Bollens and Henry J. ScQnandt, The 

~~~qp~tis, Harper and Ro'N, New York, 1965, p. 392. 

65 See [22], pp. 3~-38 for a discussion of C.O.G.'s anda~ illustrative exa~ple 
of the Metropolitan Co•Jncil of the Twin Cities area, w~ich, the reaier is 
cautio~ed, has m-:ne po'Ner than the typical C.O.G. 
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A'much more radical and demanding proposal calls for the creation of metro-

politan govermnents to assume control over certain governmental functions in 

a metropolitan area (which could incluje hundreds of local govcnunent units). 

It would be unnecessary and uudesirable for such a goven1ment to assume 

... -esponsibility for all govenu-nental functions. If a -netropolitan goverru:1ent 

were to be established it would concern itself only wlth such area-'t.Yide proulen!S 

as the ioc.:ation, timing, and contra~ o~ major commercial and industrial centers 

65 
and major p~1blic facilities su eh as ul i iity, se':.'er, and transportation [;yE:tems. 

The pr•1vísicn for fhe necessary a.nount and variety of housíng for the regían 

W'.)uld be an exa'llple of auother respon:::;ibility preferably entrusted to a metro-

politan government. 

There are few exa11ple1.; of w'!-Jat could really be considered metro;>olitan 

govern.:-nents in thís country. Nashvílle, Tennessee:, and. Dade County, Florida, 

67 
are tw.:> nft-mentioned examples. A success ful use of metropol ítan goverrunent 

co'uld certainly help remedy many of the. problems associated with the geographi.c 

fragmentation of land-usé and dcvelopment controls. However, the po1itical 

feasibility of creating such goverilillents in most metropolitan areas is sm.all 

and the intractable problem of fu~damentally conflictíng groups of ínterests 

within a :netropolítan area do not disappear under the :na~íc wand of metropoli-

68 
tan government. An often discussed variant of the metropolitan govern..nent 

prop::>sal is the utilization of the county in a planníng and eve:1 governing 

capaci.ty, far more intensive and urban-oríenteJ than this basically rural u"'lit 

of goverr\.m~nt has traditionally asslL'ned. 69 The use of the pre-existing county 

66 See [ó7]: p. 14. 

67 See [22], pp. 39-46 for a Hscussion of the use of metropolitan goverrr.nent 
and an evaluatj.on of the experience in Nashville, Te!lnessee. 

68 See [27], p. 28 and [22], p. 20~ 

69 See í22J, pp. 52-57 for a rnore thorough discu~sion of this app¡-oach and the 
illu~trative exa~ple of Marion County, Indiana. 
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units has both advantages and disadvantages when compared to the establishment 

of a new metropolitan unit, which must be evaluated on a case-by-case basis. 

Recently, there has been an upsurge in suggestions calling for increased 

state planning, review, and even selective determinative control in the field 

of land guidance. States do have the ultimate authority in these matters and are 

generally large enough to insure a reduction in the parochialism characteristic 

of most lower units of government. In recent years, severa! states ·have enacted 

legislation placing varying degrees of authority in a ~tate agency to regulate 

or review local ll:"egulation of l'and-use and development, usually limited to areas 

of specific statewide concern. Much of this legislation is so new that there has 

been insufficient time to evaluate conclusively its effectiveness or impact on 

the likelihood of further state involvement. However, a brief mention of sorne of 

the majar examples of such state action would demonstrate the scope and general 

d . . f h . . ff 70 
~rect~on o t ese p~oneer~ng e orts. 

One of the first and probably deepest intrusions of a state into what is 

usually the traditional function of a local government occurred in Hawaii in 

1961 with the passage by that state of the Land Use Law: 

The Land Use Law gave state agencies a degree of control over the 
use of the state's land resources that was far in excess of that 
enjoyed by other states. It created a state Land Use Commission 
and directed it to divide the entire state into four districts: 
Conservation, agriculture, rural, and urban. The Land Use Law 
authorized land in the urban district to be used for whatever purpose 
is permitted under the local zoning regulations. Lands in agri­
cultura! and rural districts were to be used only in compliance 
with regulations of the state Land Use Commission, and lands in the 
conservation district were to comply with regulations of the State 
Departmcnt of Land and Natural Resources.71 

70 r12] provides a rather in-depth description and evaluation of most of the 
recent examples of majar state inroads in the land-use and development 
control domain. 

71 [ 12 J, p. 5. 
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However, as is pointed out, thcre were atypical factors inv,olved in the case of 

Hawaii and it is generally telt that any genera~ state-wide control of land-use 

elscv1here in the United States i~ unlikely at this tüne. 72 

The Maine Site Location Law has given the Maine Environmental Improvement 

Commission the authority lo regule.te ;:he location of major industrial .md 

com:uerc Lal activities and ímpose cond i.tions upon them, or even totall y pr0h i1!i.t 

thcm under certain circlllllstances. to insure the protection of the environm<Or,t" 
73 

Despjte a small budget and' staff, the Commission has preved to be rather effec-

ti\~e. flowever, Lhe law 1 s concentrc.tion en environmental considerations is likely 
' 

to r.(e a 1 imiting factor on the ab~lity of che Commiss ion to exercise regulatory 

authori..::y in a more genera]. context in the future. 

In 1970, the. Vermont legisla. tu re passed the Environmental Control Law in 

r€'s por'.se to threats on the environment from rapid unregulated development, 

promoteci by skiing and second homes. 74 The law gives the State Environmental 

Board two areas of responsibility: 

a) "a judgment functíon exercised in issuing development and subd ivis ion 

permits through seven district commiss ions. 1175 

b) The preparation and adoption of a statewide comprehensive land use plan 

in three stages. 

Although the Board does not have comprehensive powers, it has been rather 

e ffect ive, especially :i.n the a.!:"ea of intet-agency coord ination~ 

72 See [121, pp. 5-6 for these factors and pp. 7-34 for a discussion of the 
operation and success of this unique system. 

73 See [12], pp. 187-204 for details andan evaluation of this program. 

74 See r121, pp. 54-107 for a detailed exploration oÍ the law, its workings, 
and effect. 

75 [12], pp. 56-57. 
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Quite a bit of other legislation extending state activity in the land 

guidance process, too extensive and varied to aiequately treat here, has recently 

been enacted. Most of this legisl~tion can be classified broadly as dealing 

76 
with "critica! areas," land-use study ccmnnis'sions, or wetlands and shoreland. 

Exten_sion of state involvement in land-use and development planning and 

control, especially in areas of undeniable state-wide concern, has great 

potential. However, the states have shown a great aversion to taking over what 

traditionally have been local powers and using them in the innovative manner 

called for. Shoulp this aversion be overcome, which pending federal legislation 

is intended in part to accomplish, it will be necessary to guard against 

extremes in the other direction; in w'!-lich the state involves itself in detailed 

matters of only local concern. 

C. NE1tl m. UNDERUTILIZED t;UIDANCE TECHNIQUES 

An unorthodox a~d tnnovative approach to the rational timing of develop-

ment on the local level has been tried through an extension and modification of 

the usual land-use and develop~ent controls. In 1969, the town of Ra~apo (popu-

lation of approximately 76,000) in Rockland County, New York attem~ted to ~eet 

77 
the proble:n of explosive urban develop~ent, The zoning ordinance of the to·Nn 

was amended so as to require individuals wishing to develo? their land for 

residential purposes to obtain a "Residentíal Develo?~ent Use" special permit. 

The permit w.:>uld be granted only if the land parcel in ques'tion met certain 

minim~~ standards with respect to the availability of certain facilities a~d 

78. 
public services on or near the parcel. 

76 S:: e [ 12 J for detailed exa nples of other such stace prograns. · 

77 For a more detailed treatment of the "Ramapo story," see r64J, pp. 1-2 
and [SO]. 

78 This rather unorthodox zoning technique has been upheld by the State 's 
highest court in the case of Gol~~~Planni~-~ard of Town~ Rana~o, 
30 N.Y. 2d. 359, 285 N.E. 2d 291 (1972). 

- 29 -



By utilizing a 11development ppint" syste:n to 11score 11 a parcel lvith respect 

to a·Jailabl~ facilities and. services, su~,;h as sewerage, draina-se, roads, schüols~ 

fire protection and recreational facil~cies, a fairly objective criterion for 
8 

granting special pennits has been establíshed. The parcel in question must hav~ 

at least 15 such development points befare a permít can be issued. 1'he town 

has not introduced this concept as u trick to prevent further develop:Pent, but 

merely to insure that the town can adequately acco'1llnodate the growth. In 

meetins its acknowledged oblígation to provide for continued, although controlled, 

urban grm·Jth, the town has proceeded. with an overall development: plan for the 
\ 

provision of the expanded public facilities an.d services that will be required 

by further development. This plan ís in tu1~ used to guide the preparatíon of 

a~ 18-year capital improvement program and, finally, a 6-year operating capital 

budget. 

Al though this novel a¡:¡proach to tim2d development appe'ars to have great 

pro~ise, one must be cautious in ones expectations. The sophistication and 

relative absence of paro~hial self-interest which characterize this tm.;n 's 

intentions and planning O¡Jeration w2re not only criticel factors in tha cour::'s 

decision to permit this unorthodox approach, but are also likely to be determina-

ti ve of the success the tow.-t .11ay achieve in the use of this approach. It is 

mllikely that more than a small percentage of other lo.~al gover.unents across the 

country are similarly capable and motivated. Still, this new approach is 

worthy of conE'ideration, especially if it could be implem~nted through a~encies 

at higher levels of government. 

E:1rlíer in the pap·~r, the coT'lcept of "performance standard ZOT'ling 11 was 

m•3ntioned as a .nore flexible variant of traditional use district zoning. It 

is possible to expand. on this idea to ::reate techníques which take enviroryne:¡tal 

fa:tors into a::count an:i can better guide urban develop:nent. ·,A prime exarnple ot 

such an approach, described and aJvocate~ by Jacob Ka~insky, is based on the 
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79 
concept of the Environmental· C11a'racteristic Type or E.C.T. Under this approa,ch, 

the E.C.T. would replace the ~ type as the basis of land-use contro.ls and would 

be used for the classification by development characteristics of planning sub-

areas. Areas would receive E.C.T. classittcations that would depend on: 

a) the size of the area, 

b) physiographic characteristics, 

e) community-activity range, and 

d) the ability of planners to envision development p'atterns o 

Land would b~ categorized into development types based on such area character-

istics as building density, ratio of man-made- to natural surface in the outdoors, 

and the type and intensity of activities currently prevailingo As was done in 

the Suggested General Development Plan for the Baltimore region,
80 

land would be 

classified into eight development types (instead of the usual use-types): open 

space, rura 1, conserva_t ion, sub-urban, mod erate-urban, urban, town centers, and 

industrial. Within each type, any use conforming with the nature and goals of 

that typ~ would be permitted o Kaminsky also discusses various sets of "enviren-

mental" ratios and standards, such as the F.H.A. Land Use Intensity scale ratios, 

w~ich could be employed in a more flexible and effective land-use and development 

81 
regulatory processo 

One of the most widely discussed techniques of land-use and development 

regulation involves an ingenious marriage of the police power to eminent domaino 

Labelled compensative or compensable regulations or compensatory payments, this 

82 
concept was first introduced by Jan Krasnowiecki and Ann L. Strongo Proposed 

79 Se e [36] for a thorough treatment of this approach. 

80 Se e í36], pp. 10-11. 

81 Se e [36], PPo 25-37. 

82 Se e [37l 
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as a rnethod for preserving open space, the form originally suggested by Jan 

Krasnowiccki and Anne Louise Strong is one in which the government agrees to 

compensate the present and future mmers of the property, until the full assessed 

vé!.1ue of the unregulated property has been cwmnulatively exhausted, for the 

83 
_d:i.fference between. actual ~ale prí,.;e and this guarantced assessed value. It 

has been suggested as a n~re widely applicable tool in the attempt to guide land-

use and dcvelopment. "Compensatory payment;s are a means of l~gitimizing regulatlons 

which would otherr,.¡ise be unconstitut:ion;ll. 1184 Because 0f thc legal restrictim-.s 

on thc use of pol ic,e power, some :rf~gu].ations imposed on the use of land whi eh 

were deemed desirable have been voided by the courts, usual1y on the grcunds 

that they were construed to be "unreasonable" or an effective taking of p1::operty 

without compensation. Often, just the expectation of such a decision has prompted 

governments to reject .as infeasible certain regulations they had been considering. 

By guaranteeing the owner just compensation for any damages he has suffered as a 

result of what lvou1d otherwise be an invalid use of police power, a government 

using this tcchnique can often be confident that the desired regulation will 

remain in effect. 

Severa 1 variations of this tedm:ique, ea eh with its own adyantages and d is-

d d d d . 'b1 ~ 85 a vantages, have been propase • Davi Heeter ~scusses two poss~ e rorros: 

' 
a) Damages equivalen~ to the difference between the value of the land with 

and without the regulation are paid to the landowner in sorne manner. Usually, 

it is suggested that the compensation ref1ect on1y the "invalid portian" of the 

regulation and be made only when the owner demonstrates his intent to develop in 

violation of the pertinent regu1ation. 

83 í37], pp. 91-92, 95-96. 

84 [32], p. 11. 

85 [32], pp. 11, 61-62. 
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b) The landowner would be forced to choose betwP.en uncompensated regulation 

and sale of the total fee interest in the land at unregulated va~ue through 

suit in an "inverse condenmation" proceeding in which the governrnent would be 

forced to purchase the land. This variant is often preferred to the first 

because it would discourage all those not seriously darnaged by the regulation 

from seeking cornpensation and would elirninate the very difficult task of trying 

to justly determine the actual loss in value resulting from the regulation. 

In all cases, compensable regulation offers the advantages of uninterrupted 

regulation without1the costly need to condenm all property that cannot be adequately 

controlled through the exercise of police power alone. However, compensable regu-

lations do have their drawbacks. At the present time, the constitutionality of 

such a technique is much in question, although the present trend in legal deci-

. d . 86 SLons oes seern encouragLng. In addition to adrninistrative difficulties, one 

rnust also be aware that in sorne cases there are other land guidance techniques 

which can achieve the same results more cheaply and effectively. Still, as one of 

several tools in a total land-use and development control system, compensable 

regulations prornise to have very useful applications. 

In its report, Urban and Rural Arnerica: Policies for Future Growth, the 

Advisory Comn1ission on Intergovernmental Relations suggests the use of a tech-

nique it refers to as "reserved lansJs, 11 which can serve three bas ic purposes in 

87 
the deve lopment process: 

1) Allow for recreational and other open space needs 

2) Allow for flexibility in the development process to provide for possible 

changes and unforseen land needs of various uses. 

3) Provide greenbelts to serve as perimeters of cornmunities or towns, 

affording a sense of self-containrnent. 

86 For exarnple, refer to [11], p. 27. 

87 See p], pp. 117-118 or [32], pp. 72-73, 62-63, 12. 
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The te:c.TI "reserved lands" actuall:y refcrs to four techniques which can be used. 

singly or in combination to achieve, the above goals: 

1) 11 R~se~.-ved development unlt' 1 (RDU) is a planned developrnent \<7hich has 

tentative approval for. certain uses, but hs.s no detailed plan at the 

t:ime i~ is initially fcrmed. Development would normally occur in other 

p.::1rts of the corrmtunity befare the start of construction in the RDU, the 

timing and det:ails of ~~hich wo~!ld depend on rnarket cond it ions and 

capital availabllity. 
1 

2) "Holding zones 11 a:re zunes in wh:ích all uses except open space, agricul-

ture, furestry, a.nd rural resiJential are proh ibited for a certain time 

period or indefinite]y. Compensation would be required in order to 

exercise such control. These zones c..ould be used by local government 

if it felt that developmem: was inappropriate at that time, adequat:e 

urban facilities for the area could not be provided at the time, or íf 

the eventual use of the la::.1.d had not yct heen decided upou and poasib}y 

inappropriate uses ~ere to be prevented. 

3) "Expansion sices" are oversized parcels on which certain types of 

centralized uses would be located. The parcels would be oversized to 

provide room for expansi~1 of the activity expected with comnunity growth. 

This technique could prevent the extreme cost associated with c:x:pansion 

of facilities in developed areas and the alternative possibility of 

scatteration of act1vities that may best be centralized. Civic centers 

and shopping centers are two such activities. 

4) Public policy with respect to '; Land bank 'V!ithdrawals" is a fourth tech-

nique that could be used te guid~ development. Land kept in a bnd bank 

,.;ould be developeu for urban use only when deemed advisable. Th is 

banking of land could be used to prevent spraul and promete an orderly 

and economical development process. 
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A hybrid classification that has rece~tly been aided to the growing list of 

88 
suggested develop:nent techniques is the "Planned Development Zone ." In such a 

zone only three typep of land-use would be permitted: 

a) singly-fa~ily homes on lots of at least ten acres. 

b) agriculture 

e) planned develop:nentsQ These would be allowed by special permit only, 

and the develop'llent would have to be rather s izeable and would have 

to ajhere to standards set down by the municipality (similar to P.U.D. 

requ~rements). 

Such zones would have to be renewed at least dnce every five years to detennine 

if the classification was still appro?riate for al! property in the district. 

Their use would be in areas that are as yet u~developed but in which the onset 

of urban development is imminent. Once development progresses past a certain 

point, the classification would be replaced by an appropriate normal zoning 

classification. 

D. ECO:.IO~IC AND FISSAL GUIDANGE TOOLS 

1 

It is ironic that sorne o the potentially most potent tools available to 

gove~nent to influence and guide Íand-use and development are not new pro-

posals at all, but have always been part of the traiitional government function 

at all levcls of government. These are of course the governments' powers to 

spend money and tax. What is new in the many proposals made relating to the 

use of these powers is the call for a ~ore vigorous, comprehensive, and, above 

all, coordinated application of new and old forros of thes'e powers in such a way 

that specific public land-use and development goals ar¡;~ promoted at the same time 

that needed pub! ic services are being supplied and rev•~nue is being raised. As 

has been mentioned above, the manner in which gove~etlt spends its money has 

88 See [11], pp. 11-21. 
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a substantial, a1most determinative ~ impact· on the path of developrr.ento This 

pol·;:!::· could be used to effectively promote public developmént goalsa The 

nu.'Ticrous suggestions for a more inteJ.ligent t.:Se of the public capital progra11uning 

function in guiding lan<.l-use and ::ievelop!nent for the general public good at"e all 

thl-' more convincing when one rea~ i:.'.es the .s.bsew .. ~e of many ot the legal and 

pol ·Ltical restrictions, .~-lhich confront other approaches, in thE~ exercise ( ,.;: 
''· thi3 

. govenunent pov:er. 
89 

111C use of govenunent taxation ar!.d inct:ntive policies as a tool ::o guide 

l-3.rt...i~use and develop.-11ant is anothc~¡· at·ea uf great potential, vd.th mariy oppru· 

twdt:ies for improvement,, Naturally, most reconnnendatious concern themselves 

vlir:h the local real property tax and property valuc assessment policy and 

procedure. The majority of these reco:rJucndations are founded on thc assertions 

that present assessment aud property taK polices: 

1) are prime factors in the perpetuation of fiscal zoning ano other 

related "parochialisms 11
; 

2) are basically inequitable and do not discourage excessive land 

speculation, as they could be made to do; and 

3) discourage developPleot and desirable maintenance and im;>roveme'1t 

efforts on the part of landownerso 

As \-las sug¡;ested in the discussion of "fiscal zoning", the reliance of local 

govern:nent on property taxes has bee!l a major factor in sustaining exclusionary 

t . 90 
prac 1.ces. Proposals for the correction of this difficulty usually involve 

the introduction of a statewide or regional tax and the provisiou of certain 

services on a similar basís, instead of the usual community-by-conm:unity l>asis o 

89 See [6], pp., 186~197 for an examination of the need and possibilities and 
so'Tie majo1: vmrkíng examples. 

90 See r43], PPo 211-213. 



In some cases, it is recrnmnended that the property tax be partially or totally 

replaced by other taxes, although such a drastic.change is unlikely in the near 

futureo 

From other sources comes the suggestion that the prívate improvements part 

of the property tax (which taxes both land and improvements as one) be removed 

from the property tax altogether or at least be taxed to a lesser ext~nt than the 

site itselt. 91 Such recrnmnendations are intended to deal with the second and 

third undesirable effects of present policies listed aboveo By assess~ng at 

true market ~al~e and placing a high tax on the land and public irnprovements 

(a land value or site value tax), the government would be able to r~coup much of 

the unearned gains landowners enjoyas a result of public investment. However, 

equity is not the only aim of such a move. By drastically cutting down on the 

pos sibil ity of quick, unearned profits from land ownership, speculation and as so-

ciated· ills of urban sprawl and regulatory corruption would be correspondingly 

lessened. In ajdition, by removing or substantially redu~ing the tax on prívate 

improvements (Le. buildings), a great discouragement to prívate develop:n·~nt and 

improvem·~nt is eliminated. 0:-t the positive side, a high, market-value land tax 

would encourage the development of idle land when the opportunities for develop-

ment are ripe. 

~e majar drawback of an exclusive 1and or site value tax is the possibility 

that even a 100% tax rate on the land value alone wou1d not raise as much 

92 
revenue as the present property tax. In such a case, the best that could be 

done w~uld be the substitution of a levy which·taxes land ata ~uch higher rate 

than other real property. This so-called ",sraded tax" has been used in 

Pittsburgh, Hawaii, and western Canada, but has the administrative disa::lvantage 

91 See for examp1e: [60], PPo 23-26 and [45], ppo 41-42. Even ba~k in 1939, 
this was strongly recommended: [44], p. 216. 

92 See [45], p. 42 
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of requiring two separate value a~sessments - one on the site and another on the 

pr iv,~te improvcments. 

~~ere the annual land valuation or graded tax is found to be inappropriate 

or inf~';asible, an alternative recorrnnendation is an additional tax on land value 

. 93 
~nct"•.!ments. The rationale for 1;uch a tax rests mainly ou the argument stating 

the in;::qulty of pet1Tlitting 11unean1ed 11 land income. Related both to public 

facilities programming and local tax policies is the suggestion that residents 

of a net,rly developed area be rnade to pay for the costs of provid ing the nec.essary 

public facilities for the comnunity.
94 

This policy would w~ke mace exp}icit to 

ne\J r¡;,:Jidents the cost of thei_r new homes and might tend to disccurage the 

publicly expens ive pract'ice of leapfrogging in which many developers participate 

in the search for cheaper land. 

Host other suggestions relatlng to taxation and incentives jump directly 

from the local to the federal level. One common .recoill!Ilendation is that federal 

tax dcpreciation allowances en buildings be l:Lnited to 100% of the initial value 

for all owners of the property> instead of the present policy by which successive 

h 11 11 l= ' • • d 95 owners can eac start anew a~ter a certa1n t~me per~o • Such a change \'lDuld 

tend not to d iscourage improve:nent and ren2Hal as do the present rules. Another 

suggestion is that -income from in~reases i~ 1and va1ue would not be permitted to 

b d . 1 . f ~1 d 1 . 1 96 e treate as cap~ta ga1ns or re era J.ncome tax purposes. This would have 

an effect similar to the suggesti1on that a ,land value increment tax be imposed. 

93 Se e [45], p. 43. 
1 

1 
94 Se e í21l, pp. 160-161, 348 .! 

95 Se e Pl], pp. 350-351. 1 

( 96 Se e [ 21], p o 3 so. 
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Of course, we must not forget the wcll-known tangled maze of federal grants-

. "d d . . 97 1n-a1 an 1ncent1ve progra~so By doing a better job of rationalizing and 

coordinating these n~nerous programs, the Federal government could have an even 

greater impact on the quality of land-use plannlng and the general path of 

98 development in this country.. And, finally, w2 mentían one further recommenda-

tion, which, although not relating to incentives in the-usual sense of the word, 

is nevertheless approprlately considered here.. Much of the difficulties in the 

area of planning for and guiding land-use and development stem from a lack of 

appropriate infonnation and a' generally poor public appreciation of the problerns 

urban Am·:rica faces and the measures required. to alleviate these problems. 

Although it w~uld by no means eliminate all of our thorny problems, the aio?tion 

of a :nore accurate and complete land-use and development data system for our 

planners and decision-makers and an improved program of "civic education" is 

clearly indicatect .. 99 

VIII.. NEd PROPOSAtS 

In this section, sorne of the rec~·nt propc,>sals for majar changes in the 

present approach to the planning and control c>f land-use and development are 

briefly explored.. Becaúse of the boldness of ,these proposals and the radically 

different g~errunent role they envision, it w.:i,-s decided best to treat them in a 

separate section. These proposals in,volve greater federal participation and /or 

the use of large-scale advance public acquisition and disposal of land as the 
1 

97 Sce [9], pp. 563-564 and [21], p~ 374 for brie1 discussion of these federal 
incentives and their application, in land-u~;e and ?evelopment matters. 

98 See below for further discussion, of the poe,ential federal role .. 
1, 

99 See [75], pp. 90-91 and [13], ppl .. 119-120, ~:espectively, for discussions 
of these points.. 1 

1 

\ 
- 39 - 1 

1 

1 

! 



foundation of a more positive role of government in the development process and, 

as such, represented tnajor sh ifts in the appro_ach to land guidance. There are sub-

stantial grounds for seriously considering these proposals. Premier amo~g these 

is the very near unanimous call for the irnplementation of such S\-leeping changes 

by '\ra:cious major commiss ions nnd stuJy efforts. The five we 11-known repo:rts 

surrnr.arized and evaluated by David Heeter
100 

are, the primary examples. 

Although Heeter finds variations in the recommendations and emphases of these 

reports, he concludes that "the reports are largely in agreement in both their . () 

findings and their recom.nendations 11 and they all "recommend a sweepíng restruct~.;r-

101 ing of the entire land-use regt!latory system." The reports reconunend an 

expanded role for both the Federal government (including the establishment of a 

national urban growth policy) and the use of advance public acquisition of land. 

The advisory Cowmission on Intergovernmental Relations states in their report: 

"On balance ••• the Commiss ion concludes •• o that there is a speci fic need for 

immediate establishment of a national policy for guiding the location and char-

acter of future urbanization, lnvolving Federal, S tate, and loca 1 government:s 

102 
in collaboration with the prívate sector of the national economy." Speaking 

of the five reports he reviewed, Heeter stated: "They recommended that local 

governments be ernpowered to acquire land through negotiation or condernnation and 

to sell or lease it subject to conditions which will promote a wide variety of 

bl . b' . 11103 pu 1c o Ject1ves. 

100 The five reports are: r32]; [43]; r2J; Report of the Task F~~ing 
and Urban Development, The Canadian Federal Task Force on Hous ing and 
Urhan Development, 1969; and New Directions in Connecticut Planning L~gj2~ 
laction, American Society of Planning Gfficia1s, 1967. They are 
summarized in r32], as noted previouslyo 

101 r32J, p. z. 

102 r 1J, ro 12 9 

1o3 r32l. PP· 11-12. 
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A. ACTIVITY AND PROMISE AT THE FEDERAL LEVEL 

It is to be noted that these reports are not merely representative of the 

hopes of a group of idealistic but unrealistic thinke.rs. Recent action and 

statemehts by both the executive and legislative branches of the Federal govern-

ment suggest that these recomrnendations are being taken very seriously. "In his 

January, 1970, State of the Union message, President Nixon proposed that the 

United States 'deve1op a national growth policy' and that the 'Federal government .•. 

' 104 
ass ist in the bui1d ing of new cities 1

•
11 In Envirorunental Qual ity, (Hashington, 

D.C., 1970, p. x1iii), he further stated: "I believe we must work toward 
3 

development of a National Land Use Po1icy."lOS 

In the legislative branch there has been even more encouragement. The 

Housing and Urban Development Act of 1970 '~ad as a stated public objective 'the 

development of a national urban growth policy'." 106 Senator Henry M. Jackson, 

Chairman of the Committee on Interior and Insular Affairs, has well expressed 

the Congressional concern in these rnatters: 

The rapid and continued growth of the Nation's population, 
expanding urban development, pro1iferating transportation systems, 
1arge-sca1e industrial and economic growth, conflicts in patterns 
of land use, fragmentation of governmenta1 entities exercising 1and 
use p1anning powers, and the increased size, scale and impact of 
prívate actions, have today created what many Americans perceive to 
be a nationa1 land use crisis. 

That such a perception is wide1y shared in the Federal govern­
ment - in both the legis1ative and executive branches - is 
demonstrated by the more than two hundred 1and use po1icy measures 
befare Congress.107 

Two of the most important bi1ls pertinent to our present discussion, now being 

cons id e red by Congres s, are the Presiden t 's proposed "Nat iona1 Land Use Po1 icy 

104 j66l, p. xxi 

105 [661, p. xxi 

106 [8], p. 231. This article provides a comprehensive review of the federal 
1egislation of 1971 dealing with the deve1opment of a nationa1 urban growth 
po1icy. 

107 [ 70] , p o l. 
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' 108 
Act of 1971'' (S. 992. H.R. 4332 ip the 92nd Congr~ss) and the "Land Use 

Policy and P1anning Assistanr.e Act of 1972 11 (S. 632) •
109 

'l'he latter bill has 

been amended and just reo;::ently has been passed by the Senate by the Committt:e on 

I . d I 1 Af... . llO nterLor.an nsu ar _ra1rs. If ena.:!ted, lt would "provide Federal technical 

aasistance and a granr-in-aid program to thc individual states to assist: thc:r, 

in developing and impro•Ting thelr capacity for land use planning and rnanagement. 

:I"he Act also provídes important ne\V' authorlty designed to improve coordínation 

bett,:een the planning efforts of the Federal and st:ate 
111 

gov~rmnent s." a He\<: 

Office of Land Us~ Policy Administr3tion would be created under Lhe Secretary of 

the Interior to aid in che administration of the act and $100 million a yea::-

woulá be authorized for eight year9 for the grant-in-aid program. 

B. ADVANCE I.ARGE-SCALE ~UBLIC ACQUISITION AND DISPOS.:\L OF LAND 

At least as far back as 19.39, government'al reports have d iscussed and 

demonstrated the great benefits of governmental ownership of land in excess of 

112 
current needs. The concept of us ing large-scale advance public acquis ition 

and disposa1 of 1and as a major method to guide land-use and development has 

received rather strong new support from the five reports mentioned above, as wel1 

as many other sources. Despite the support for such an approach, a 1966 

108 j12], Appendex: pp. 2-13. 

109 See í71]. 

110 See r7q. A1so refer to (70] for a very thorough review and comparison ;:¡f 
these bi11s and other recent proposed and enacted 1egislation in Lhis ar2a. 

111 [71], p. 21 

112 r44], pp. 326-328. See 444, pp. 11-16 for an exce11ent annotated bibli­
ography of the selected American and Canadian works dealing with publi.c 
land acquisition and dating fron• the 1930's. 
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questionnaire survey, y1eldlng responses from 144 cities, suggested that less than 

30% of cities with populations over 50,000 in the United States carry on any type 

f d 1 d . . . 113 
o a vanee an acqu~s~t~on. In those cities which have such programs, they 

are limited, and '~o large-scale plans for influencing orderly land development 

114 
were reported." 

In addition to the five major reports mentioned previously, the idea of 

using advance public land acquisition as a land guidance technique has been dis-

115 
cussed and supported by many others. In a widely quoted article, John Reps 

summarized his 'ecommendation for improving our land-use and development system 

as follows: 

I-propose that land at the urban fringe which is to be 
developed for urban uses should be acquired by a public agency. 
Acquisition, in fact, should run well ahead of anticipated need 
and include the purchase or condemnation of idle or agricultura! 
land well beyond the present urban limits ••• 

Land scheduled for early development should be designed in detail, 
conforming toa general, comprehensive, and long-range metropolitan 
growth plan. The public agency, directly or indirectly, should in­
stall all street and utility improvernents and should identify and 
retain all sites needed for such ¡:>Ubl_ic_facilities-as-pa-F-ks-,-school-s-,----------

1---------ana-otner neighborhood and community needs. The remaining land 
then be disposed of to prívate builders by sale or lease, the 
aggregate price to reflect_full acquisition and irnprovement costs but 
not profit. The terms of the sale or lease should include adequate 
safeguards to insure development only in conformity to the detailed 
plans prepared for the area.ll6 

Despite the extensive change called for by such a proposal, it is often offered 

as the only means for achieving sorne of the major goals this country has in the 

land development and housing fields. Marion Clawson comments: "If we wish 

113 j62], pp. 4, 16-17. This is an excellent source of information on the 
general area of advance public land acquisition. 

114 [62], p. 4. 

115 For example, see í62]; f57J; and 16], pp. 164-185. 

116 ¡57], pp. 2-3. 
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really to cure the major deficienci.es in the~suburban land conversion process, 

'17 public land purchase must be ín'l~:1.ated and carried out on an adequatz r::cale. "J 

The l:J.ck of adequate lov1··and_..,moderate-income housing is the defíciency cited most 

often. 

A rather lot\g list of advantages and benefits associated with the adoption 

of th1.s 118 tool of law.l guiclance has been· am::~.ss.ed. Among the more prominent 

are: 

a) It would decrease consi.derably the cost and 'difficulty goverrunent 

pn~sentl)\ incurs in obtaining sít'es for public facilities. 

b) It Hould go a long t-.1ay to el im'inate excéss ive speculation and unearned 

value iucrements on thc part of the lándowners. 

e) Better planning and assur~nce of thé implementation' of these plans, 

unúnpeded by previous development, prívate landowners, and an 

unrestricted developnient process ¡ would afford"'rhore efficient and 

desirable devclopme'nt a!ld lo-werLcost housing ftcr the public. Urban 

spraw1 cou1d be e~sily eliminated'. 

d) Achieving goals, such a's the pr'ovis ion of adequate new .low-income 

housing·, which/ is 'practícally' impossible with our present system, 

wouÍd be within reach. 
1 

e) The privat/ deve1oper and builder ~ especially the smaller one, would 

also be gfeatly aided hi this new approach to development control. 'By 

curbing land specu1atió'n, 1perforrning mos,J!: of the p1anniug, providing 

most of the land improvements necess~ry prior to construction, and 

substítuting a simple restricted sale or lease of land for the long 

117 [21], p. 355. Also see pp. 9, 361. 

118 See for example: [57], pp. 4-5 and r62], pp. 4-6~ 100-102. 
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and complicated regulatory obstacle course now dominant, the government 

could greatly reduce the costs 'and risks_ that developers presently 

ex pe rience. 

Regardless od these advantages, we must establish whether or not the use of 

large scale advance public land acquisition as a development control is legally 

and politically feasible in the United States. As is becoming more and more the 

case, the legal prospects are not at all grim. Reps observes: "A persuas ive case 

can be presented that an ample public purpose exists in the need to provide well-

planned addition~ to urban areas through large-scale public land acquisition and 

management ••• I suggest, therefore, that while many fascinating and complex legál 

problems would be involved, we need not fear any fundamental reasons in law 

119 standing in the way of such a program." More concrete evidence of the legal 

feasibility of such an approach is mentioned by Ann Louise Strong: "Public power 

to condemn land for new development has been affirmed. The u.s. Supreme Court, 

by denying certiorari in the Rosso* case, uphela the right óf a public body ••• 

to condemn undeveloped land for resale or lease for~ey~lQpment_in_accordance_with---------

120 public plans." 

119 f57], p. 6. See also f62], p. 18-22 for a discussion of the legal questi~ns 
involved. 

120 [66], p. xxii. *Commonwealth of Puerto Rico V. Jorge l. Rosso and wife 
Carmen Descartes, opinion 67-172, El Tribunal Supremo de Puerto Rico, 
December 7, 1967; cert. denied, 393 U.S. 14 (Sup. Ct. 1969) 
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The question of poljticnl f~asibi¡ity is of course a· different matter. Here~ 

as in most instances conc:err,j ng lanrl-use and development controls, the poli-

tica 1 o;,positio"G is likely to be much more effective thari possible J'egal con~ 

sid~:~·ations 'in bloéking the use o-€ this approácho The gz:eatest opposit:ion is 

1i1. ,··.y to come fron rm·al ar,d l"'t~burban an~as for. the obviou.s reasons o Ho~.;r.vc:: ~ 

O"le sour.c.c: C':f concentratE:d opposition, lhat many would feel to l::íe most natural, 

:i.::; likely not to ariseo 1\G menÚc~ed. ahov€:, prívate dcvelopers, who might be 

expr.r-r.ed to ve.hemently o9pose ::::·1cr~ a 11So~ia.list:i.c" incursfon into the !Jrivate 

lan~: warket, will \ benefit greatly frcm such an approacl{ and are thus unlikely 

to oppos•::> :U:.., J;;...r;¡es Rot.-:;e, himse}f, a Wt!ll-knmm prLvate developer, testified 1 

beJ".:;~ Co~gress in support of t:.his fonn of gover--.unent control of development and 

stated: 
' 1?1 111'his is no threat to the privRte h011~tbuilding industry, bl!t Rn ac;set~" -"-

Anot:1sr rn::tj:Jr ~onsideration is that o:( finaTJa'ial feasibilityo Loc.s.l an.d .Jtate 

) 

gr-.~verü'T.2nts are already at or past their financial bréaldng-points and a large-

scale program of public land acc¡uisitíon/would réquire vast sums of mo'1ey. 

Tnus, such pr·:1gra11S tv·.:lUld have l:o be J/i1ni.té</ at firsto Fedé'ral suppor.t such as 
J 

that available u!lder the Hou~ing A.cti' of 1965 could be exp'anded to help fina·1ce 

initJ.al inves'!:'nentso 
,' / ' 

How.:ver, if,ter a ~>!l'l i le, tbe progtam could be econOi!lically 

self-su?porting, as the acq~ired land is sold or leased for development and 
/ / 

~ 1 

relatively inexpensive u-:1deveJoJJed land at the urban fringe is acquired for future 

gro\olth. 
122 

1 
An a1di.tional boost to the case of thosc supporting advance public land 

' ' 't' 'S tl e f"Ct tl·¡at it nd't ortly looks goo:i OU paper, but has SÜbS tan-acqu~s~ Lon 1 _¡ ~ 

tial real-\vorld succe;s o The Eui'opean experience with this approach, especially 

1 

the exa.nples of Stoc"r:holm and Auisterdam, is extensively cited by Américan 

121 

122 
1 

See [2lj) po 139; [4l~J, PP~ 325-326 and [57], P• 3o 
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supporters of this public develop~ent , 123 
ro .... eo Ann Lo•.Iise Strong has gone so 

far ag ,to state: "Public landownership has been a crucial ele.:nent of almost all 

. 124 
successful European plann~ngo" 

Although far fran as extensive as the European experience, the United States 

has had experience with public develop~ent and obviously, wlth public ownership 

of lando As a matter of fact, Otle could use the fact that the federal govern-_ 

. ment at one time o~ed 3/4 of the land in the country, to dispute ideological 

argu.'llents against an 11 unprecedented 11 degree of govern.~ent control of la11d o In 

aidition to case~ of cities whose original develop~ent was p1a~ned and controlled 

by the government (such as Washington, DoCa),. there has been limited experience 

wi'th restricted application of advance 1and acquisition techniques in this 

125 
countryo 

Naturally, like most proposa1s, the use of large-scale public land acquisi-

tion and disposal has its disadvantages and drawbacks, although they do not seem 

• ..L. 1 . 126 
overw;~e m~ngo 

b) There is further loss in revenue as the tax receipts on land withdrawn 

fr~ prívate ownership stop flowingo 

e) There will be so;ne difficulty in deciding how "large-scale" the 

acquisition shou1d beo What percentage of the 1and to be developed in 

an urban area should be acquired by govern.~¿nt in aivance? This is 

127 
not an easy question to answero 

123 See, for examp1e, [44], PPo 312-317; [62], PPo 106~103; and [57], PPo 8-11o 

124 [66], po XKXio 

125 See [62], PPo 4, 65-97 for discussion of the experiences of Moutgo~ery County, 
:t-taryland and Richanond ~ Virginia \V'ith limited advance land acquisition., 

126 See [62], Po 6 

127 See [21], PPo 358-359 and [57], pp9 6-7 for ca.mnents on this questiouo 
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d) TI1ere wlll be substant~al costs 1nvolved i~ the planníng and administra~ 

tion of such a ¡.;rogra11., Of courf:e, thes·é ·::osts TJlUSt be balanced 

~Mn t11w t ttlih tit"&"v·hi~~ ~HUt !1iHili ui-( ~~~'jJt·~ia~l{ i 1'1 a~pa~;~tsd tt:í pt;:;tmi. t ¡¡ 

C. PP.OP•)SED 01:'ERI\TIONAL FRAMEi~QR .. KS FOR DEVELÓPMEN"f COTI'ROL -----e- ________ ..... ·-~------------ _____ _......_ 
'F,e bulk of the above discussion deált \vith tn~ genP-ral concept cf advance 

publ·; e J and acf}u:i.;:;iti'óa a'3 a land-usc aud development co'ltrolo Next are 

discussed so:ne of the major operati.onal fol~mats p:coposed for use of this tech-

nique .. 

0ne of the most; popular proposals is the construction of 11new toW':ls" to 

ab~orb the aroan growth of cur nation~ Although net-J tovr.1s can be built by 

?rivat~ deve:loper~ \olithout the u<,;e of public land acquisitio~t, past! expcricnce 

has demrYn.strated that the power of ~mblic lanJ acquisition is essential if this 

' 126 ü: to becoue a desirable and sigrdfh~:-.~.·,lt form of urban development.. "In May 

of 1969, the Naticnal Co:n.nission on Urban Growth recommended that federal 

a'3s:i.stance be provided for the c:onstruction, by the year 2000, oft' lOO new ::oNn.s 

129 
wlth populatíons of lOO ,000 each, and 10 new cities of one mi:Ílion people each. 11 

A related concept involves -che constr':.lction of "new co:r¡¡nun.:Í.ties." Ihese differ 

fro11 ne\J to;..,":ls in that they are not self contained ecÓn0·1lÍC entities, but sm:lller 

developments that bccome part of a larger urban at¿~a and c'onsist of a popula~ 

' 130 
tiot1 óf 15 ,000~20, 000 with a d iverse social, éconO'llic, a::1d ethnic baC'kground. 

Thc Advisory Cummissio'1 0'1 Intergovernmental Relations' rec011mends the use of 

~ h u~ba~.1· d l bl 131 
such ne\v cO'mnunities as a majar approa,éa to t e ,_ eve op:nent pro e:n. 

-----·----
128 See [63] for a more tho.cough' discussion of the use of the ne~v towns approach~ 

129 [66] pp. xx::L-xxii. 

130 See [32], PP• 66-74w 

131 Se:e [1], chapters 'rJ-VI for the details of thei;. reco~ehdatio'1S and 
findings.. Also see [6], PP~ 92-95 for a discussion of an A.I.P. po!icy 
sta.temP.nt yeco:mnending govcr:unent involvt:.nent in the co"lstraction of net.;r 
conr.nunities o 



Another majar operational construct for the guidance of land develo?ment 

through the use of advance public acquisition and d-isposal of land is the 

"development district." Harion Clawson introduced this concept in an article 

advocating the creation of what he called "suburban development districts."132 

Various other authors have recorrnnended the same type of approach, al though 

varying in administrative and structural details. One of the most co~prehensively 

,develo?ed proposals based on the development district construct was the heart of 

a report by Henry Bain.
133 

Bain's development district concept can be briefly 

characterized as follows: The district w~uld provide a means of concentrating 
1 

a process of staged develop~ent in a limited nunber of disignated areas, leaving 

the remaining unbuilt land to be set aside for later develop~ent or_open space 

purposes. Each district would consist of an area of a size sufficient for a new 

cam~unity, yet capable of being planned for in detail as a unit (thus avoiding 

the insurmountable problems one encounters ih idealistically trying to plan in 

detail for a'l entire metropolitan area). D'evelopment w.:>uld be spread over 

severa! years. 

To implement this pro-:::ess, an agency wvuld be established by the county, 

preferably as a new governmental department or a public-private corporatio'l, 

and would be charged with the aiministratio'l of all developmént districts in the 

county. Tite agency would base its detailed plans for a district on the general 

plan for the area or region. "Owners of sizable tracts of land designated for 

develovnent at low2r and medium densities W.:>uld be encouraged to submit a[)pli-

catio'lS for planned-unit zoning, and all remaining land in this category would 

be rezoned by sectional map amendm3nt. Land designated for intensive develo?-

ment, and other land not developed within a reaso'lable time, wo_uld be acquired 

132 See [18]. 

133 [6]. Note that the develop~3nt district proposal presented in this paper 
w~s expressly tailored for the ~Iontgo~ery-Prince George bi-county region of 
}bryland and thus may co'ltain specifications not appropriate for general 
a~plication. 
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by devclopTlent district for sale',or lease to developers subject to condi.tior¡s 
' 

134 
as tn the c:haracter and ti.rr.e af dev·~lopr..ent." Further, the agency administer~ 

ing t.he d:i..str:i..cts would coordinate the provision of public services with th:1.s 

develop11ent process and work wíth other agencies to insure the timely cü:npletion 

of pt,.t;l:l e improvem?m:s ~ Ea~h di::;trict would be a financially sep2.rate 1mit, 

financcd through county bond issues l-:!1:i.ch would be repayed through assessments 

ancl t~1.xe~ cQllec~erl l.Jithin the d:i.strict,. The district would be dissolved as a 

lJ5 
funct"lonal unit once development in the district was znbstantially co:nplete. 

A rr.ajnr ~riticism of
1 

the "develoyment district' is that it merely adds another 

1ay-=:r <)f cor.fusion and fragment;;t.tion to the al't'eady fractured and uncoord inated 

¡: • • 1 ~ . . 136 syst:E:.i"r. o ... governments and spec~a c.~str~c-ts .. Ho?efully, such a dis trict could 

oe structured and ernpowered so as to improv:e_~n~te_~~ -~f w.:>rsen the p_~esent 

stat2 of intergovcr~nental cooperation in an area .. 

Déspite the many proposals for the use of pub1ic a~encies a~d corporations 

to carry out large-scale urban deve1op"llent prograrns, it ~vas perhaps not unt i l 

the New York State Urban Develop-nent Corporation was estabiished in 1968 tha.t 

such an entity was actua11y created and given the necessary wide-ranging powars 

l . ~ •t . . 137 to accomp 1St; 1 s m1ss~on. The UoDoCo is empowered to acquire real prop~rty, 

by conde.11nation if necessary, to build, se11 or lease property, to nego-ciat•~ with 

gove~~~~nt agencies for the provision of pub1ic utilitles and services, and borrow 

:no"1eyo The Corporation :i.s to provide on1y low-inco.ne housing and industrial 

dcvelopment in "substandard'' areas or those areas in danger of becoming sub-

standard 9 T11e Corporation also has the ra't'e power to exempt itself from obE·ying 

134 [6], pu ÍVo 

135 See [6] for elabcrationp Also sec [46]~ pp .. 26-39 for a similar concept 
called the "development ::;ec.tor" ~ 

1"36 Se e [
t:1 
\..i' J, 

137 See Laws of New YorkL.l_968, Chapte:r 174 or [6], pp. 130-134 for details on 
the purpose and operation of tltJ.s ¡:n.1blic coroorationo 
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local zo~ing ordinances and building cedes if it finds this necessary. Despite 

the trcmendous power the Urban Development Corporation has on paper, experience 

has dem~nstrated that it has been prevented from exercising its powers in the 

face of intense political pressures and opposition frau localities. In fact, 

only gubernatorial vetos have saved the Corporation fr~ losing on paper the 

pow2rs it has been afraid to use in practice. 138 The future efficacy of the 

U.D.~. and prospects for a~encies like it is very unsure at this time. 

IX. CO~CLUSION 

Many of the pieces of legislation and proposals mentioned herein are still 

too recent to pennit a valid evaluation of their absolute and relative merits at 

this time. Compounding this is the custom-:na:le nature of many of the programs 

and suggestions, which were structured with the character and needs of.a 

particular state or region in mind. Although ene may despair at this yet 

further example of frag~entation and nonuniformity in the application of land­
' 

usé and development controls, it is perhaps more pro:luctive to rejoice ata 
~ 

pluralistic system in which thousands of separate "laboratories" can experiment 

and hop~fully produce a few Ramapo's. The efficacy and feasibility of the 

various proposals, especially in combinatio~and with respect to various areas 

of diffe~ent character and needs, is not yet well established. However, it is 

clear that there is a great need for improvement in our present approach. Though 

it is fairly certain that no single approach will alone be sufficient to cen-

tend with the co-uplex urban problems that co'1front this country, sorne of the 

proposals discussed above will certainly preve to be useful in an improved-land 

guidance sys tem. 

138 See [61]. 
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useo The author states an intention to treat tllis subject comprehensivély and 
to carefully evaluate the mcaning of the data presented or discussed. No 
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ment since World \~ar IT ancl the 11actors 11 involved in the process in detail; 
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for improvcment. 
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enough attention has been givcn the latter fonn of fragrr:entatlon and ti">at th i.s 
functional fragmentation must be arrested before any significant improverm::nt 
can be achieved. 

William L. Garrison, Edgar M. Hon.¡ood, and Diane F. Marble, Progres::; 
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approaches and intercbanges; (3) a critica! exploration of land use controls 
and their impad:; and (4) sorne suggestions for the improvement of development 
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tions are discussed. Extens::Lve appendices emphasize projection of the supply 
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David Heeter, Toward a More Effective Land-Use Guidance Sy~¿u, 120 pp. 

This is a summary and analysis of five reports, with an emphasis on the 
development of an effective system for the regulation and manipulation of land­
use, development, and redevelopment. The author not only summarizes and 
compares the pertinent proposals of these reports in detail, but he tries to 
do so in a way that constructs a fairly unified, "conglomerate" proposed systern 
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author 1 s clai.m that all of the reports fundamentally agree in suggesting 
s,weeping changes, although there are admittedly considerable variations in the 
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Jacob Kaminsky, Environmental Characteristics Planning, 45 pp. 

This report, an outgrowth of \vork done on the Suggested General 
Development Plan for the Baltimore R.::gion, proposes the use of ''Environmental 
Characteristics" districts as the foundation of land-use planning antl regu~ 
lation in place of the less flexible ~~ districts. Along a continuum fLom 
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open space to "towa center, 11 a set of eight development types based on . 
intensity of activity and metropolitan function, is introduced. An Illustranvc 
series of development stanJards, lo be applied to such district type~, are 
discussed. The use o f this more flexible approach to deve lopment planning on 
the regional and local levels is touched upon briefly. 
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This very interesting ar~ well-done report covers three majar areas: 
(1) planned communities; (2) urban living ~onditions; and (3) urban land 
policies. Despite the 1939 date of the report, it seems surprisingly recent 
in its coverage, concE:rns, outlook, and conclusions. Especially in the area 
of land policies, the suggestions made were obvious] y ahead of their time and 
are often identical to the 11bold ne,.Y 11 proposals being made today. The report 
made extensive use of the European experlence to support its finJings in sorne 
areas. 

Jack Noble, A Proposed Systern for Regulatinr; Land Use in Urbani~ 
Counties, ~9 pp. 

This rcport results from a study based on a suggested land development 
regul<.tion program for Anne Arundel County, Maryland. The suggested regulatory 
progra:;n revolves around the use of a ndevelopment sector" concept in dealing 
with land not yet built up. The ímportant difference that must exist between 
the regulation of deve] oped and undeveloped land; the respective appropriate 
places for discret:ion and for precise rule-making in the regulatory process; 
and the facts that, (a) development cannot be stopped (nor would this be 
desirable) and (b) the "ultimate" use of presently undeveloped land can never 
be foreseen with certalnty, are dominant themes of the report~ 

Denn:i.s O 1 Harrow, 11Proposals for New Techniques for Shaping Urban 
Expan~;íon". 

ln this paper, Dennis 0 1 harrow begins with a discussion of the failure 
of present techniqu0s to ade~uately deal with present urban expansion, espe­
cially the failure of land-use controls to handle development on the scale 
at which it now occurs. He briefly outlines the various dimensions along 
which goverrunent approaches can be varied. The bulk of the paper then 
discusses a large nwubcr of new techniques and administrative formats for 
dealing with urban development. 

[57] John W. Reps, "The Future of American Planning: Requiero or Renascence?" 

Reps presents a rather convincing argument for the adoption of the 
tedmique of advance land acquisition and management by states and their 
political subdivisions to meet the need for a rational, equitable, and 
socially efficient public approach to guiding urban growth. He finds that 
present land-use and development controls are totally inadequate. Successful 
European and American exrunples are cited and a suggested system ot advance 
land acquisition is outlined and d iscussed. · 

[62] Donald C. Shoup and Ruth P, Maclc, Advance Land Acgulsition by _ _!.ocal 
s;ov~~ts, 127 pp. 

The prima:¡_--y purpose of this report is to help local goverrunents l.n 
making rational and socially desirable clecisions with respect: to advance 
public acquisition of land for site::; of future public facilities and other 
land development objectives. This is achieved through the development of a 
set of guidelines based on benefit-cost analysis. However, the authors are 
cognizant of and have great respect for the advantages and disadvantages 



associated with advance acquisition that are not easily translated into 
dollars and cents. Detailed éase studies, two questionnaire surveya, anda 
look at the European experience are used to obtain more concrete re3ults and 

- illustrate the methods developed. In addition, the authors do á fine job of 
summarizing the theoretical and legal aspects of advance land acquisition and 
discussing its application as a land-use control technique •. 

[70] u.s. Senate Committee on Interior and Insula·r Affah."s, Nati~l__b~td 
~ Pol ic_y, 212 pp. 

[75] 

Thi~ Corranittee Print was intended for us~ by members of the Senate 
Committee on Interior and Insular Affairs. It contains a great wealth of 
infonnation on past and proposed federal législation dealing "With o> related 
to land-use poli~ies, on federal programs'having iMpacts on land use, and on 
recent and innovative state legislation in the field. Included are copies 
cf majar bills being considered, compaiisons and cvaluations of the pro¡ui·­
nent pending legislation, and bibliographic material on recent writings ln 
land-use and development. 

William L.C. Wheaton, "Publi\! and Prívate Agents of Change in Urban 
Expansion." 

This is an excellent discussion of decision-making in the urban 
development process. t~heaton 's basic pr.emise is that the development pattern 
that ultimately emerges is the result of many diffused and independent 
decisions made over time, which are subject to various market considerations) 
but are not under the control ot any single group, including government. 
He concludes that(direct application of government power is impossible and 
the best approach would include the development of an improved, ccnpreh:::ns i.ve 
system of market data for use by both prívate investment and public 
decision-makers; development of metropolitan master plans; and institution of 
better professional and bureaucratic standards of practice in dealing 'Hith land 
and land development. 
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I. INTRODUCTION 

'l'his paper oriefly discusses the hiE:tory of efforts to sinmlate network 

traffic and the'problems of simulating congestion. Four algorithms with varying 

approach12s to these problems are e:x:plored vJith respect t<? their theon•tical and 

practica! advaatageso Statistics for comparing simulations using different 

algori thrns are d iscussed aud, finally, the results of experimental s im•llat ions 

are analyzed. 

II. 2IMIJLATING TAAFFIC AND CONCESTION 

'Hi3torically, the simulation of mono~modal traffic in a network has been done 

in twc separate stages. First the routing between origins and destinations is 

determined using the minimun1 iMpedance criterion, then trips are assigned to paths 

through the network. The matching of trips to a path is usually dohe by an "all 

or nothing" algodthm, which :is to say that there is oilly one best path from an 

origin to a destination and all trips fron1 that origin to that destination take 

that rcute ~ This is a sort of "damn the torpedoes" approach, and in recent years 

considerable attention has been paid to ways of handling the sunken ships of 

overloaded links, through the application of capacity restraint and volume delay 

procedures. 

In a simplified way, the transportation simulation cycle has become mínimum 

path selection, o~ tree tracing; loading the network with trips; recomputing the 

network impedance characteristics under load; and iterating the cycle in sb~e 

fashion. 

These somewhat curnbersome procedures are the result of trying t0 unalyze au 

ana:!.ogue problem, one of flows, in a digital fashion. In additioh to abstracting 

the higiway into a network, veh_icle flo\vS are also ábstracted irtto largc discrt:'.:e 

pieces of time, vehicles per hour or vehicles per day. Finally the continuous 

process of movement is separated into route selection on an ~mpty nctwork, and 

route usage. Thi.:; ]<.i.st abstraction in a !>ense is respousible for the inacClH'ncies 
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in the simulation of congestiono Too often the process unrealistically over­

loads thc "best path 11 links, whiJ.e unrealistically leav~ng many links completely 

unloaded. 

One series of attempts at solving these latter problems :i.nvolved :;_nit:i~lly 

deter.mining several "best" ¡;aths. Then "capacity restraint" procedures load trips 

,onto a path until the volume reaches the capacity. Once, this happens ,. successívc 

trips are loaded cnto the next best path and so fortho "Diversion curve" p:ro~ 

cec\i,z¡.:s allocate traffic among severa! ,best paths according to a function of 

their relative impedances and/or capacities. 

Tnese procedures have not become standard practice for several reasons. 

First~ there js a theoretical problem in determining more than one best path. If 

the ncxt best and the third best path must be entirely different from each other, 

as well as different from the best paths, the "diversion" process will forc~ 

traffic onto highly unlikely routes. On the other hand, if each path may be the 

same but for a few linlcs the difference may be meaninglesso Fihally, given thc 

present and short run :ioreseeable state of computer technology, deteonining 0ne be~t 

path will remain an expensive process and determing more than one best path 

outrageously expensive. 

In "all or nothing11 algorithms, congestion is simulated by applying a 

volume delay function to the free flow, or base path impedances, and iterating 

the cycle of tree tracing and loadingo The disadvantage of this procedure is in 

its "all or nothing" characteristics o It forces all the traffic going from one 

origin to a destination to take the same route o However', it is an improvement 

over ignoring the effects of volume C:elayso Our research involved fcTim:l-lation of 

four d iffercnt a lgorithms for applying a vol ume d elay function, two of wh ich 

allmved traffic to take several routes from one origin to another. Two al gorithrns 

were rejectcd on theoretical grounds and therefore were partially tested, and 

the remaining two were extens~vely tested. 
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III. fOUR ALGORITHMS 

l. Whole Network Loadi~~ 

This p~ocedure consists of tree tracing, loading all trips,,and applying the 

volwnc delay function to adjust the link impedances. 1'hese adjusted link 

impedances are then treated as free flow impedances, the link volumes are zerot:d, 

and the process repeated. Since this prccess 11 in the raw11 causes considerable 

oseillation of li.nk volumes and impedances from one iterp.tion to the next, a limi­

tation is pl~ced on the adjustment of the link impedances by weighting the adjusted 

:l.mpedances heavily with the free flow ~ base impedance. The experience of other 

experimenters has shown that four to nine iterations are necessary for convcrgence, 

a fairly expensive proposition! (!), Q): 

While this procedure adjusts link volurr.es such that the final impedances 

matrix reflects congest:ton, it does not address the proi>lem of 11all or nothing" 

load ing. 

2. Incremental Whole Network Loading 

This procedure attcmpts to avoid overloading links beyond their capacity by 

loading a proportion of the total trips onto free flow minimwn paths, adju.sting 

the link impedances (withoút any limiting factor), recomputing the mínimum pahts, 

and then repeating the ¡:Jr~cess for succeed ing proportions. If, for example, 

trips are assigned to the network jn five, twenty percent increments, the first 

twenty percent are ássigned to mínimum free flow paths. The next twenty percent 

are assigned to minimLUU paths that are computed on a t•..1enty percent loaded net\vork. 

TI1e next twenty percent are assigned to paths computed on a forty percent loaded 

network, and so on. Another tactic is to use unequal increments, for example 50%, 

30%, and 20%. 

The disadvantage of this procedure is the cost in repeating the tree tracing 

and loading many times. The advantages are that excessive loadings of link::: of a 
o 

given minimLUU path tcnd to be minimi:>:ed, and that the trees are deterrnined subjcct 

to the previous loading of the network. 
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3., Incremental \.fuole Nebvo.~k ~~loadi...!ill, 

Instead · of accumulating the t-r.ips as in the prcvious method, the incrernents 

nre. acctunulated and the same trips success.ively reloaded. Thus with five twenty 

pen:ent incremcnts, the fir~t increment would be loaded onto free flow pai hs o 

1'he link volumes are then set to zcro, and the mínimum paths detennined. ~~!len the 

first plus the second (i.e. 4ü%) incrernent oí trips are reloadedo This procedure 

reiterates until the last iteration when all trips are reloaded onto the minimurc 

1 
pai,hs computed on a net"t-1ork whose impedances reflect almost complete lCJ.'lrling 

conditions. As in the previous metho1. unequal increments may be used. 

T~e concept hehind reloading accurnulating increments is to develop the 

impedance charactcristics of a loaded network in a gradual fashion, thus nvoidirtg 

t!1e oscil lations that result from repetitive load ing of all trips. Thi1:: method is, 

of course, an '~11 or nothing ilgorithm. 

4. Incremental Tree by Tre,é Loadi.ng 

A method developed by the pio'neering CA'l'S study Fas to partially integrate 

route selection and routle usageo One tree was tracéd, that is the mínimum paths 

were determined from one origin to all destinátions, and then all trips from that 

origin were loaded. The link impedances of the tree were adjusted, and the process 

repcated for the next tree o Thu~ the trips from the firs t tree "encounter" a free 

flow network, while the trips from the last tree endounter an almost fully losded 

net\Wrk. 

One problem is that the order in which trees are selected affects individual 

link volwnes. One attempt at dealing with this bias involved selecting trees 

randomlyu This does not seem to be an ideal solution since it only randomiz~s the 

bias~ and does not reduce its ma~itude. 

The advantage of the CAL'S method is that the ass ignment process J.S done once s 

and the tree tracing done once, or at most 2 second time (to obtain interzonal 
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impedances of the final loaded network), The disadvantages are in the biases 

caused by the order of tree selection, and the "all or nothing'' route selection. 

'l.' o attack those problems, the original CATS method 'haS i.'l.crementali:>:ed, A ftc r 

each tree is traced, it is loaded -with a portian of the trips ra!:her than all trips. 

The raagnitude of the bias caused by the order 1.n which trees are selected is reduced 

accorJing tn the proportion of trips loaded in eacl1 iteration. To illustrate, 

cnHs ldcr five, 1twenty -yercent increments. On the. fi;:c; t ite rat ion, the paths from 

the first origin are selccted on the basis of an empty network, and the path~ 

from thc last origin are selected on the basis of almost a twenty percent loadec! 

network. On the second iteration, tlle first origin paths are selected on almost 

the same basis as the first iteration, last tiee origin's paths, and so forth. 

Five ~qual increments divide the bias of .tree origin order by approximately five. 

Similarly, the trips from .o.n origin to a destination may be assigned to five 

dlfferent paths. 

IV~ TESTS AND STATISTICS FOR COHPARil'lG ALGORITHMS 

Two sets of data \vere used in test ing these rnethods. One was the 1965 San 

Francisco Bay Area Highway Network and the other was a small test network of 11!· 

links .. Using our coding methods, the San Francisco Network con.tains 5107 link~ 

and 2022 nades, 291 of which are load nades. The volume delay functian used was 

t~ken from the Bureau of Public Roads: (1) 

I' ro ~l. O + o .15 
4 

::= X X ~V /c2 L 
I' ;:::: Hodi fied link impedance 

ro :::: Free flO\v link impedance 

V :::: Link volwne 

e ;:::: Link c<lpacity 

Early runs ran into Jifficulti~s from overloaded links, partly Juc to largc 

tr~ffic gcnerators connccted to the network by a single link and purtly au 2 to ~n 
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overly generous trip ecneration model.. As a remedial step, the volume delay 

formula was mod ified by placing an upper bound of 2. 50 on the volume capad ty 

ratJo. The maximum delay factor \vas (1.0 + 0.15 x 2.5~) w~1ich is approximí-ttúy 

equ . .d to 39. Thus a link with an impedancé of one minute could in crease te; an 

imp,";·'ance of thirty-nine minutes, but no more. Links \Jhose d'elay factors '.Jt·r~ 

"restrained" in tí1is way were flagged. for further invest"ígation. 

Thc main crite·da used iri COIIÍparing methods was total trave 1 time, which i.s 

of ;;~;;,a·se, an extf!nsíon of the rninimiz·ation of disutility that is expresse•.l in thc 

"b~~t path" criteria. Secondary criteria were the number of links loaded beycnd 

2.5 times capacity·, the mean· and standa·rd deviation of actual link volu!'ne to 

capacity r~tios, restrained volume to capacity ratios, and the nQmber of unloaded 

links on the network. The last criteria was developed in a traffic assignment 

study by Huber, Boutwell, and Witheford. (~) 

'The clearest indication of network congestion is obtained frorn the mean 

(and standard deviation) of the volume to capacity ratio. The other statistics 

reflect the design oí the network and the quality of the assigrunent technique as 

well as the network state. A large number of restrained links, for example, can 

indicate poor network design, over estirnated traffic generation, or sirnply an 

overloaded networke The effects of restraining links are shown h:r comparing the 

roeans of the actual volume capacity ratio to the restrained volQ~e capacity ratio. 

Runs on the small test net\Vo'rk confirrned the intuitive idea that a 1.1 the 

statistics moved/ together, within lirnits. For exarnple, the best pos8ible loadi.ng 

will leave sorne links with zcro volQrne. However, up to this point, the mm1bet of 

liuks \Vi.th zero voltune will decline as· 11better", i.e., lower total network travel 

time, solutions are fourí.d. Sirnilarly, 11better•• solutions always have lot.¡er mean 

volume te capacity ratios, and fewer restrained links. 

Extensive testing was not done on the first method for a nwnber of reasons. 

First, thcrc was an aversion to tl!C theoretic~l inelegance of atteoptiD~ te f0rce 
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convergence. It is clear that the paths fr~n one íteration to the next vary a 

great deal: and that the decision of when to stop iterating is fairly arbitrary. (1) 

Finally, it appears that successive iterations '"ould not pro9uce more routes, 

!.e= that the number of zero loacled links would remain fairly constant. 

V. ~ESULTS OF SIMUIATION RUNS 

1 ~ Whole Network Load ing and Incremental W'bole NetHork I. .. oad ~ 

One iteration of the Whole Network Method is identical to a single, one hun­

dred percent increment of the Incremental Method, i.e. all trips are loaded on 

paths derived from the unloaded network. Table 1 compares two single inc~ement 

runs with five 1 twenty percent increments. 

The results of these runs shmo1 that incremental loading is superior to non­

incremental loading, and also illustrates a difficulty in interpreting the 

statistics. 

Run 1 loaded !orty percent of the traffic in one increment, an identical load 

to the second {teration of Run 3. All the statistics for Run 3 are superior, 

irtdicating/that for a light traffic load, two increments are super~or to one. 

RÓn 2 loaded one hundred percent of the traffic in one increment, an identi­

ca.I' load to the last iteration of Run 3. With this heavier load, Run 2 has a 

total travel time that is significantly less than Run 3, but the number of unlodded 

links is three times greater. 

'fhe difficulty with the total travel time statistic is that it is the swr~cd 

product cf final link impedances multiplied by link volumes. On links with 

heaviest volumes, the impedances are computed on the basis of restrained vol~~e 

to capacity ratios. \·Jhere there are relatively fetv restrained links, the total 

travel time statistic is more accurate, e.go at the forty percent levcl. 

Tite single incrcment statis~ics appaar better bccause fewer links are used 

overall, evcn though they are rc:strail;.ed more. This is indicated by the total 
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number of unloaded links, and the F'ean and standard deviation of the volume to 

; capacity ratio. 

2. lncremental t·Jhole Network Reloading 

This rnethod was not extensively tested because it contaíns the samb din­

advautage as a single increment - the final allocation is "all or nothing". 

~~i1e the link impedances might be RS good as pre~iously discussed methods, fewer 

links would be utilized which wo~ld be reflected in larger total t~avel time, 

more unloaded lÍnks, and a higher volume to capacity ratio. 

3, Incremental Tree by Tree Nr:t]10d 

It is clear that the finer the inc:cemC:!nt o f. trips loaded at one time, t!1e 

better the netiwrk will be utilized o '.rhe last method, load ing increments on a 

tree by tree basís ratfier than a network basis, gives much finer increments than 

the other methods. In effect, a single iteration of this method loads increments 

of the total number of trips divided by the average nwnber of trips generated 

from each load node. 

Table 2 compares the two incremental methods, whole network and tree by tree 

on a small test network. The total travel time for the fully loaded network vía 

the tree by tree method is less than the whole network method at the t::bcty per­

cent load level. The number of restrained links and volume/capacity statistics 

of the tree-by tree method are roughly equivalent to tlíe eighty percent level of 

the w'hole network method. 

These preliminary conclusions from the small test network were confinned, 

albeit less dramatically, by the results of runs on the San Francisco Bay Area 

Highway Network, about fifty times larger than the test network. Table 3 sho~.,¡s 

the results _of th ree- r'uns us ing the tree by tree method, and may be compared with 

the \·lhole network nins in Table l. 
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One run uses a single increment of 100%, similar to the CA.1'S Methodo A 

second run uses two increments of 50% each, and á. third, thre€; increments of 40%, 

·40%, and 20%. The worst of these three incremental tree by trP.e r.uns, the single 

increr.~ent, is comparable to the best incremental >.;rhole net\mrk run. The second 

tree by tree run has about 7% less total travel time: end the third run u~ ing 

three increments has about 8% less total travel ·time. Greater ímprovcments are 

indicated by the other statis ti es, for example, the bcst t:.':'ee by tree run has 
1 

over tv1enty percent fewer ímloaded links, and over. thirty perccnt fewer rest:rained 

links than the best whole network l.·un. 

As the costs of coinputing three tree by tree increments are about the same as 

five whole network incrernents, it is clear that the tree by tree rnethod is 

superior to the other methodso To this optimistic conclusion should be appended 

several notes of cautiono I believe that the incremental tree by tree .algorithm 

is indeed superior, but under many circumstances it may be only marginally 

superior - and may not be cost justifiable. Preliminary investigations índicate 

that the total travel time statistic is subject to the particular volume delay 

function used,·and the general under or overloading of the network as well as 

being subject to restraints en the volume to capacity ratio. As we were interested 

in studying congestion, our trip generation model was designed to be generous, 

and this perhaps increased the differences between methods o 

A more interesting statistic of the quality of the algorithm is the htunber 

of unloaded links. The signíficance of this statistic, hm-1ever, remains to be 

detennined o It may be said that an algorithm that loads ninety percent of the 

links utiU.zes the network more than an algoríthm that loads eighty percent of 

the links, but we cannot say it is necessarily better, let alone ten percent 

bettero 

Finally, there are considerations of the purpose of the. traffic assignmento 

If one is interested in exarnining traffic loads on specific links) e.g. over loaded 
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línks or under utilized links, ma'ny iterations of the tree by tree method may be 

justifiableo If one is interestéd in obtaining an accessibility pattern) e.go an 

inter-zonal impcdance matrix, the differences between few and ma~y interations 

are negligible, and not cost justifiablee 

In conclus ion, it is hoped that more work will be done with these algorithms 

to more precisely identify their characteristics with different size networks, 

different volume delay functions, and varying· load patterns o 



r 
1 Run 1 

~~ Run 2 
1 -Ru~~- ~· ----~-~ 

~~--rn_c_r_e_m_e_n_t_~--------·+-----------~~--lO_o_"_·----~---------.-------2-0_7,_,._,2_o_%_,_2_o __ %_._2_o_i._ •• ~2-0-%------~-------~ 
1 Level 

40'7. 

40% lOO% 20% 40% 60~s - 80% lOO% 

E
--------~+------------H-----------~----------+-----------+------------~--------4-·-------~ 

Total Time (OOO's) ~, 11,322 58,246 2,959 10,757 23,188 41,070 63,319 

··-----j,--------t-------l 

t ::::::::.:,::k, .¡ ·:: ::: 
1 

··: 1 ·~ ::; ·-¡ :~: -, ::: 1 
! . ~1-----~--~---~~·- 1 ! -~ 
~ P.o.n v.tc· 1 ,412 1.018 .206 .410 • 729 , L047 \ 1.363 

~ .. --·------+r----------H----------l-----------r-----------t- -----------

LStan. Dev. v/e .601 1,508 .301 .542 __ .9_1_9_-¡.! ___ 1_.1_3_1_-+-~1-·-1-90-J 
--·~-----------+~----------H----------~--------------

1 
Mean v/e 

Rcstrained 

Stan. Dev. v/e 
Restrained 

.401 

.548 

.800 .206 

.893 .300 

.408 6.,-. _, .943 1.191 

.531 .710 .810 .861 

~-----------------4-----------~r---------~~--~,----~----------+------------+----------~--------~ 

Toca! Links 5104 5104 .5104. 

Total Trips 214,065 ¡ 5l.7,066 107,033 214,065 332,994 428,136 1 .547,066 1 

-- ------~----------~--------~~'--------~----------~---------__L _______ __l_________j 

Table l: Incr·ementa l W"nole NPtwork Nethod: 

L¡Q{. Incren:e.m:. lOO% Incre.-ner-,t, and Five '-01'. Increments 



Whcle Network 

1.883 

1 Stan, !lev. v/e • 641 2.382 2.367 

-------------------~------

l-~3ó0 l. Hean v/e 
Restrainea .959 1.169 1.342 1.273 

ti --lr--·-------tt-------· 
.825 r .892 .38t: 

r-------;----------+---------tr---------------~--------~ 

114 1 114 1 

____ ...___l_s_,z_o_3-~2o3_-=:t~~~, _.J 

.814 Sta-r •• Dev. v/e 
Restrained 

Total Links 

-----+----¡1 ~--
Total Tl'ips 1 

----------------~-------~------~------

.841 

114 

Table 7..: Comparison of Incremental Methods: "h"'hcle Network a-r.d Tree by Tree 



1 lncrements 100% 50%, 50% . 40%, 40%, ?oi''~l ....,, /~ 

Leve1 100% 100%. . . 1007 .. 
-:¡ 

Total Time (OOO's) 59,555 
¡ 

54,468 53.197 l 
¡ --¡ 

Unloaded ! 374 325 287 
1 

Restrained 574 456 422 
-

Mean v/e 1.328 ' 1.276 1.259 

Stan. Dev. v/e ' L257 lolll 1.074 

Mean v/e 
lol93 1.178 1.169 Restrained 

S tan. Dev. v/e 
Restrained .839 .807 • 796 

Total Links 5,104 

Total Trips 547,066 

Table 3: Incremental Tree by Tree Method: 

Co:nparison of Three Runs on Bay Area Highway Network 
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Ah·.:r:tct-Th.~ papcr Llcso:n!J-:s tr.c pin!c~ophy, algon:hms, and ;mpbncnt:l\ion of a computcr 
Slmubtl•lll ·nodcl for land :.s.;) forc.::a~t1ng, :~nd rhc c:~pabil1ty of ¡;ener:~ttng maps of thcse 
forclJ\l>. Thc modd as appl¡c,tblc to Si\.í~A's org.1n1z..:d on :1 ccn,u~ tract basas by countics. 
Tho: f:;ac·.:.a:.!~ ;m: mJG0 w th~ c:'l<us tr~·Ct l•!Vcl fcr mdm:rnl, rcsidcnt•al, commcrciJ! ;:md 
pub!:;; !.1r:d ~.o'cs. ;l.foúchrg 1' b..1scd on nil ccononl'c. d:J.ta base of the rcgion. ami is extreme! y 
1~nrbl~ for thc oFcr. An cxan•¡:k: sct of foP:.clsts ar.d m:~ps ¡s includcd !or a!lustrat:vc pur?OSLS. 

'15 p.tp~.:r d.:'>crrbc<> thc phdos,Jphy ami i.np!crn:::ntation oi a comp•.!tcr-onentcd Lmd t.:sc 
,;c.,,,¡•r·;; n:oct~:. currcnt!y .)p.:r:.:ion;~l for thc ~~~ .::..:;uis, Mi5souri, SMSA.t Its fealures 
!L•.:..:· (.1 1 PH..:r0 forcc:>.stJng .\t thc ccnsus tra~t levcl; (b) capabiiny to providc dccde-­

! r ~,:;1•: ¡¡a¡ maílS of th.: forcc.l'its; (',;) sub:,ta'ltiJ1 fic).;brlity for the user; (d) c2pabillty cf 
n; cithcr hrge e~ ~mall ~coi1ornic datJ. b2.s~; (e) e:tsily mcdifkd to adapt to othcr 
í ,;.,,s, rJ)c.1n b·~ alterca to accommod:ttc difTerent ;:umbcrs cfnscs, options, and land units. 
1 ;-,¡oughuut thts dcscriptton of the motlcl, we '.\ tll use the speciEc p:uamt:tcrs of thc S t. 

>l.IS rc••to.1; :t shou!d be r.o:cd, how;:vcr, ü1at :~n·; :Jr ::dl of thesc ítem:; roav be easi1y 
o - -

·::1gcd 1 he t'Wo majar prop~rt¡¡;:s of the moco::\ are its rcqu!iCment fo¡ n:i::-umai input 
-:;J~.:' iltlns and its brgc degree of uscr-optional fk<1oility. 
T:;c mot~.:i is dcsigncd to forccast industrial, rcsidcnt.a1, commercial, and pubíic land 

:by .:-.:nsus tract in ten ycar incrcmcnts to the year 2030. Thcse !and uses are ranked and 
:x::s~t:cl in the abovc order so th:lt thc sJmc pared of 1and cannot be allocated to more 
111 OilC use The ration;¡,le for thc or(kring itseiiis tfÍ.1L industry, in general,-,.¡¡¡ acqUlre 
1att:':cr ncw Iand it nccds f:rst, having the economic pv\vc!r to do so. Residential \\·as 
1ked sccond prim¡¡~¡jy becau;c .::ammcrcial cst;:;b!tsh!T'wts genera!iy are attractcd tü 
:Jtc nc.1r r.:sidcnJial ,iiC.1S. Public u~.; consists of g0v.::rnrner.t fac.litics, strects, right-of­
Y . .:md th.: llkc, ar:-1 'ls such c·:as cons:dered t0 rcpresent a residual use. r-;ew land is 
~uJrcJ by t:at:h '-'f!hc use:-. from ·,"lC.1nL n11c! agm:ulttHalland. The :nodel assumes that the 
Id ün:ts to be fc:-:xa~ted .:o'1st¡tnte ccuntics in the :-e¡;iof!, and that land unit n11mbering is 

t Tl11~ rcsc.lr~.:h w~.s sto¡)~cr:crl by grJnt\ f;o,n 1:1~ O!li.::c cf \V;: ter r..c~ources Re.,carch, Dcpartmcnt of 
ln:~~IX, ,¡mllhc St. LoUis Mo'>5•1Ufl Dr~lriCI. U S Arr<:v CO!:J5 of Er.ginecrs. 
t l\.:r iolc8m;~tron :!:1d progr .. r· (sourcc coJc, ob;ect c'cc~. ¿, ~.tc-:utable module} is avad::~ 1,ie at cost 

:11 ti~.: C,:;-;lj'Jtcr Centcr. íJruYcr,:l:· cf :IVIIs>o!un-St. Lr;u. :. 

1' - 1 

32 C. F "'IL;rR, A B CoRBI \U and JI L '·IAn 

contiguolls w;thin r;z;ch coLnty. This fe<~ture e na bies nttntnH'Jl' i··~'ttl N01t'ctions · 11<1l~· 
COUnty-\vtde j'Opu!auon ancJ Gensity fort:C:!Sb by decac!c by U\C dft: ;qtllfcd 

Mc,ddmg bcgi11s with c~trrent-dcc:tl1 :: (1971)) bnd u~e t•~f,., .. , ltt.)'l ,¡<; 1' . .::!: .1s '"':'·l· 

rertmcnt economtC" dat;:J. fhis ¡, provtded by .t dat,l ha->e uf rdt'\,tllt \'.lr:Jb!.~ ~'vr •:.·-·· 
tract, SCÓred on a f~irect-acce~~ device for us:: by the modd. T·::· C~1r:·~:t-t-; !~y i.lc,,:,k. '-_._ 
tract, for cr.<:h use are ¡;e:1ctJkd in four ph:tSC'>: de~ir:-tb.llty L•n'. ·rg on a r,.un:y · • 
tniti<ll 2lloc;Ittor, to c>:<i•,tlf1g bnd (intcn\t'.'o: i:tnd <J~t:), Jll,Jc~h':l :·J v.tL:l'tt :<11, 1 .·~·r.~.•· 1 t.:: ·l 
land (e"<tc:n"vc bnd use), :J:!d fin;1l!y :1 co:1~bination c.f!nt:.:n;:\'t'-~\rcn51'.é th<.: •'11 , ,.,~."! 

wiJc ba5is. Input w the mock! CC'1Sl~~s of pnpt•l:ai.:-n :'lid l
1 C"">•ty rr·,'JCC::J•·. L 1 !' 1,;1 -~ 

cntcri:t, :md any opt10na! con~rol p:-tram·:lcrs tnc u~cr s¡xc:fi·:~. O•u¡1t.: C'OI!~!s•, ot'oU"'IIll.' \ 

repor:s from e::tch ph:1SC, a ckc.:'de ~u:nmary by U5C f"or 1?,!\.: 11 C'L!'l V by 1,1.': l!l' : .. :,•,' 

,tmp!e but üptÍ0'1al dia~nO;(iC ;,~f(l[l11:1(,QP. [ll adtll[ÍOJ1 t0 prÍllkt1 íC'pül tS, t:JL f~.)fl.,J: "••' 

v::mab!es are stored by dec:Ic::: on a d tt <:·ct-ac•:css d':!l';ce fo¡ U'>c. by t::\! i'l:' ~;!'· .,~ l\.".• ¡., 

Maps are produced by d.::sired dcc::tdc at:ci use throug!1 st.:nJ- .. !onc ¡1rogr:m1~ .,, ·!1c11 ;.::,;._ :1' 

thc requtre,:l forccasts from !hesc files. Currcntly, thc variaiJ1es c•r:tb!.:: of iJ•.''Il!! n'.'"¡' 
are popuhtion, ,¡crea,;c, or dcns:ty (pcopicfacrc), :-tlthou::;h :wy v::r,abl::: CtH''t! h\! :'J.tn•,.:, 

Description of •iata ba:.L 

The modei :!cccsses an cconomtc da~:1 h:''c of SSO vari:,h'c5 f.,r c,t•.h bnd uot:t to co:n:,· . 
' !he Jar¡cl use forcc.tsts. Th-! e:o..tstmg (.L:t:l b:tsc l'.'aS pru·.-:d:.:tl by dtc E:t-;t-\\ L''ot c.~·:··.··; 

Coordirwting Councd, ~ rcgion::tl plann;n_; co~missiO!i. T!lc rcc:utrcd tn!"urr' ti0n !'ur · ·~!! 
!and Unlt ronsists of curren:-cccade h1t1d ll5C tLlta (,lCrt•Jgc ami por·tta::clJ!), CC!i\f0¡,' di'>· 
tanleS w al! othr:r iand unit;;, an..: a vcctur cont:11ning the il~:;rt:f:cr n•am".:r t·'" t:"h~' '•.·· '·· 

bot·denng tht" land unit Jn its e ce n ty. Thc rcn•:!•n JI!!;\ :tfl::t ~· :-; co:ht itt. !~.: 11: 1 ~ ,, :··. u,¡,. ,. 1 • '••: 

soi! typc m the b1~d unit, a\:liLlbi!Jty of \'."cltcr, uto!Itt.:~ :t1•d SC\>t~~:t;c. re·:": _ .. ,·.:t·l~'l pi 

c:u<;rcr5 of dcve!opr1cnt, and acc...::,s to tran'!1•.:0r:.ll!C'r. c!'.I!".!Lt.:r,-t,c. l '·:,~· l'·:•.•flo\n'.c 

v;:¡¡wblcs are used by the mndel tu nnk thc Ltnd ll'lih 1'or ~:·cl1 'c:ll~ J·_c P: :>e· ;•''t'• • 1. 

¡.;roceduíc, as wcli tt'; w prov;dc us':'r-_.,rc<:I!:t:J ove·, r•t!.:~. tii.~n~t'\, ,111,l .-o:· · •, of th.: '•'1 -

nsting. 

Jfode! input 

In aadition to the Jata base, ct:rlain othcr infcr•natton i·. ~cquirctl f.Jr :l!O.k!.n:;.: ,:e _.,I 

vi a r~u,tmetcr and CO'ltrol cards. The paramclcr tn put :• nd tk~cr. n! k'll ·~ ~~ •l)\\ '1 in [ \h l bJ 
A; Exhtbit B contains the analogous cc-;.::riptton for the COI1fí0l•:q•ut Th~.: t:c:u•rt:t' '11!''" 

p2.r,1mctcrs are e·wgcnously dctcrmincd macro forcc:-~sts for thc rn..:tr~~:w!_• · or :,t l :~..: :-,r 
Louis SMSA is composetl of ~e\ en countri~~ 111 \!issouri and Jll:··~··s .' .. é: ,,.,: C•!\ ,1r S· 
Louis. The macro fon:c:-~~t'i are county (,1nd city) !JrCdict•o:1~ of :··'"'-'' ·:,w c:n:-'11)'' l·:nt, 

,\l1d Censity, by JanJ US\!, :Jt ten )'C:tr J11lcrva!S througlt thc )'C.lf 2•'."· .. "ri'l' l'.'IH.~ '111 <'f" th~· 
modcl i~ to :-~:loc:-t!c the popu:,,r·c•n fl>iccasts to tlw !a;~(~ U'Jit> 111 t!·c re·::;;,, 1 'l''•l"t :1·: ,n.:c.­
flcd dcnsity constr:-tints. The :tpp!tc:t~!on of thc optton 11 di->r.:r,ion p.tí.'"·~·t,·t· \'.dl re 
dt·,ctL.scd btcr. Thc ..-arious cxrbt:d!Í\'11S fL'r !he control in[~)r::•.•t tlll \\ d! ·,..: f'i''''c'lltc.! 
wa:1in thc conte:v.t of th:ir spccdic u~c. In general. thl!)' are c!::~Ignc.! t•) :t!l -'"' ti:..: ·_:,.:: t•) 
m;l11Ípubte the forCC''.lStS :lt the C•'n$U~ trroctkv('\: tiJC reqtrirecl U:lt.< ,\11t1 '•)Iltft)[ ;'•'f.l''lé!Cr'. 

'1'~':)' to irdt\tJua: Ll.1d t::1i~' or¡!y in~of;'r as t:1cy are m~"lbcr:; e~-.! CO\IIH} "!',:.: l'í"'·-'"-·' 
L"c1i1'ro! J.H.t m.: y b-.:: ,1ivid:l1 tn~o ~wo typcs: (:1) tn limit the dcgrc.: "" 1.t11Lr u:¡'t.-.',1•)11, •. ' ' ' ~· 
orc,v:tk ruk. wh:.:l· \t11.•:i l\ :e ~:!rticu!Z~ r :.1nd u n1t o: a cLt'>5 o!' 1 · '1l1 

·: 1<, : · -: t. ·~-·e 1 
y o 1:·2 . 1 

f.. ¡ .: ~~ 
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lnpulto thc nwpping program sp::cJf1cs for célch rnap dr:sircd thc dccadc, usc, vanablc, 
and option.d countics. lf only dccadc, use, and variable- are g;vcn, thc entirc rcg1on 1s 
marrcd. 

Modcl plu!osophy 

I'nor to :' clc~cr, ;·~l0!1 of hov. thc forcca >ts are produccd, ''e bncf. y c>-a 1111 nc tl.c rc.:il ''orlo 
preces<. rcC:cctcd by t!1c modcl. Ob'>crvcd ata 5in¡;lc point in time, !Jnd in a largc rc¿;1on 
\\111 L'C allf'•.ttc.d to a \'anct:,· of ~.;ses. tind w¡tJun cach catcgory w1li be alsn at vanous 
stagcs of dc\cl0pmcnt. Thro~.:gh the passage of t11ne both use <.~nd devclopmcnt patlcrns 
\\111 cL.•:1¡;c :;r:IOUJI!y for thc rcgion as a whole. Thc use pattcrn changcs in rcspo•1Sc to 
ccOIJCnllc. ¡_:rol\ ih a~ unuscd (vacantfaEncultural) iand is assimilatcd into thc four use 

1 catr¿.o:~c~ fhe dc\clop:;¡cnt pattcrn ¡., altcred through more intcns1ve util1zation of land. 
L:ntl :na Iarge rcg10n ic; hicrarchJ! in the sense that some un1ts posscss attnbutcs wl11ch 

'11::Jkc ti1cm mor~ cconOimc:~lly clcs1rahle for dcvciopmcnt th:1n othcrs. Tbe first function of 
thc mol' el i~ te r::nk thc land umts tn order of dcsir<tbi!ity for devclopmcnt 111 a part1cui<~r 
L>C accortlmg te u:.cr-spcc,ficd cnteria. Thc sccon¿ f.mction jS the allocatic'n of forecas: 
popu!~i1on to prescntly used land, Iead1ng to more ínte~~s!ue t:tilization. The thtrd fun.:t¡on 
is t0 alter thc use pattern of land through time and JS accomplished by allocatmg \'ac:wt and 
a;ncullur.~J land to the Yartous uses. The fin::>l function 1s to stmulta'ncously apply both 
ntcn~,l\ e a•·,J cxtcn~iv~ modcc on a county-w~dc basis to smooth thc forecasts. 

},Jode! np, wr:'oit: rm·king proccdurr. 

Th<: .n1ll:1Í ~:·:p .:1 thc formulatk~n c,fa forccast i~ th•: dcv::rminalion ofthc dcsirilbÍIJty of 

thc land un1t~ 1n a cour.t) for cach land me. Th1s ¿ctermination JS ach\cvc>d w1th the use of<J 
· ct of cntcr;a spccifi":."d bv th;: u ser (FJLL controlmput). Each cnterion ass1gns a ñu menea: 
'a!uc to tho.: mdiv¡duJl land units w1th thc provis10n that the !argcr the vuluc, the more 
dcSirablc the land unit, most dcsirahle ass!gned a rank of l. The valucs thcmseives are 
c.t~lcr va!ucs of rcqucstcd ·.·ariab!cs in the data base, or user-specificd functions of data base 
vD~i~,b!.:-s. 1 he modcl mco;porates a uscr-written subroutine to períorm any such required 
calculat10ns 

Sub,cqucnr. to tanking thc land units for each use for each criterion, thc ranks are 
summcd to prondc a sir.gle orderiPg on the basis of de sira bJlity. From th1s ordering, an 
mltd cstim::Jle of thc pcrc.cntagc of thc c.oun!y populat!On to be ass1gned to cach Jand umt 
¡~ t.icv.~cli, by use, by dccade. Thts r~r..:cntagc is cornputed by invertinb and normalizing 
thc abovc sun~ of thc ranks. In p3nlcular, Jet X1 be the sum of the ranks for land un1tj. 
Tben p,, thc Jrul!J.l pcrccnt2gc, is obtamcd from: 

1 

Pi=--· - (!OJ) fo:: all;. 
,. l 

X¡_¿¡-· 
X; 

To<: ration;1k ic;¡d¡ng l0 the formulat1on of tl11S cquation is that summing the individuJl 
~~nf.s for ~ "'nd unit results in a single order for dcsirab1l!ty. The in1tial pcrcentage then 
~''C'uld be pro¡Jo~t;onJ] te the in verse oft!11S orch>r, sin ce thc most drsirable land umt for any 
CJt·c~JJll ha' ;;:nk l. J."h:s in:tial c.stm~ak, bcmg a pcrcentagc ofthe next dec,tdc populatioL, 
b,,c,¡;-,·,c-, a í:. ot ap;Jrr.,1m.1tion to the ult1111atc forccast for thc ianc! un1ts. Th;s ap¡lro;...\m::J.­
tJvn 1s lLcn ,omp;: o the prrvious-dccade populat1on perccntage ?.nd smoothed '''lth a 
r .. ,:1d0m numbcr gcnc.-ator to obw.1n a final pcrcent1ge allocation for ea eh land unit by use. 

The methodobgy tmploy~~d in dete:·mining lhese fina! F,erccntagcs is Jesigned to mainL 
the thrust of the ranking procedut•; -,,·ithout extreme deviatiüns from prcnous-dcc. 
allocations. The smootbmg rroccs~ is b;:~cd u pon ranciomizmg about one-balf of thc la 
unit's half-d¡fJ"ercnre betw-:en initiai and pr~vious-dccadc pcrcent .. lgl'"S. This routine, sho· 
in Ch:1rt 1, applies the !.nnulatiOn cfl"r:t to the pcrccntage calcul:1t.on in such a \\".IY as 

Smmlatro" rorrme fvr ji·uil percc;:t.¡¡;e al/oca! tú'! 

Let .N be the number e~ !ar.d un·t~ 111 a coumy. 
Let e1 = h:~li-dlffcr~ncc for laPd unitj 

Cnart 1 

= ~~J_!_pe~ccmage1 - pre~·wu~~cradc pcrce~tage1 
2 

Compute mcd1fieá ha!f-d¡ffercnccs, e,', as foltoY..s. 
For ie1i < O O•JO?, e/ = e1 
For 1 e11 ~ O 0002, :ampute Ó¡, rhc increrPcnt 10 e1, in orde• of rank of the r1, ~mrtlbi first. 

Scl Ba!1 =O, thc residu::d fwrn r;¡ndonl'zlllg to be dtstnbutd among J:tnd un1t~ \\llh !.1r:;er k, l. 
Selr-ct R, a random n•Jmb::r b~t\ve-.:n :::0 5. 
Seto, = R Je1 j. 
Ser llal1 = ·- 1 (J1). 

fi2GIN: Sct e,'= t:1 + l 1 

j = j + J (in n:.nk ordcr) 
Dal 1 = 13al,_, 
Sdcc: R 

For Rano Ba!1 o! opposit<: sign, set 61 = B:Jl1 + P.. k 1l 
na~.=,\, 

Begin: 
Otherwise, \Ct df = Bal; 

Dal1 =O 
Dc;m; 

When a!l N lar.d units ha ve been processed, 
Set: final pcrcemage = in.Hi.1! percenta,;c ·-·e,'. 

guarantee that :he final percentages su m to one. The -:~lcul:.ltion procecd~ :>.ftc r !!H~· lat 
units in each county have becn ordercd on the basis of sm;t\It:st (:1b~olutc value) hJl!"-ciffc 
ence ranked first. Proccssing bcgms W!th the iirst bnd unit cr..:ountcrccl in ordcr ,,·Jw 
half-diiTcrcnce exceed~ 0·02 pcr cent. The land units are lb en rankcd, most dc,·~,:blc fin 

on the basts of the!:e final per cents for ~ubscq~cnt p!oces~ing. 
The ranking cnt~ria providcd by thc FlLL r.ontr·:)l caró ar?IY to J.:nd un;tr, bj u 

only as mernbers of 3 county In urder to aliow the r2nk~ of S?CCI;Ic l..111d un¡ts or ci.1~.,, 
of land un1ts to be altercd, the IzA]\: K control input h provn.lcd This onc of fNlr gcncr 
typcs of control informat1on c;¡pal::le of l!lOtht)'!n; resulh of the .i10ucl: ¡!¡~·:r ct>g<rnt 
structure is sho·.>m Jn Chart. 2. The RA:"IK control typc prov!L.::~ !he rult:~ by ,•.!J.c!l ti 
fi!1al rankillg ef lar.d units ir. a counl_y m:.1_y oc cll'1nged. 

Ch .. m 2 
Structure of cvnl~<•l mies 
Thc four controi ru!c types, RANK, XDEN, EJ..::C::>, ;>r¡J STAT h1vc tk f~,llnwmg cor1mon -.¡r,¡, 
\,·h•J>c form ~~ lh .. n of a lüg1cai 1!:\fl!'.!S~IO•l. A rule !S excc•Jted tf 1!s !og~e.d t\p C)'ion b 11 uc. Tll.: !t·" 
C'\prl',Sion c:~n CG!b~>1 of at rno,¡ ·~•nc llcnh. 

A 
1 

# Jj 

3 
:\nd/or 

4 
e 
5 

# 
6 

D 
7 

Act1un Am"~:nl 
ll 

B, e~, D rcprescnt numcnc constanb, \,lri.•bit.:'!l in rhe rlatJ. b?~~~. or ch:u1::l', 1n' )lt.:!J b-... • ... 1g ft•; .. · 
IC ~y~nbol.;; # rcprt.: .. cnt the log1~.·J -Dpt:r:ItOr~ :~ r = 1 < 1 > t ;?: 1 ;#:. "fhc At llln l. l 1" ~h· .. h1~''"-·' 1 1 ' ' 

c;;¡of'l ~~ truc n11y De onc of thre~ tyrcs. 1nc:rc~1~t.. by An1ount, dr.;cr~a!:ac~ :)y AI'H'l!Ot, t1r Jn, .. ·q ,\ .. , ·· 
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itial alloration 

In tlm p11:1'>C, population is allocatccl lo prcvious-dccadc land alreJd) as~.gncd to thc 
c0a.:'Í":mdm:; üsr, suhJcCt to the user-suppl1cd dcnsity lcvcls. This density, in tcrms of 
pcoplcfacrc. is thc ma:-..imum to which Iand can be dc'·cloped. 

U1:dcr thc .~~~t.mplion that more dcsirablc bnd unit!> w¡l! altract more c>.tcn~J\ e dcvclop­
mcnt, the forcc:-tqcd cnunty population is d1vidcd into two scgmcnts. The first is a!Jocatcd 
lo thc I.md units 011 thc hasis of the final perccntagc de~cribed abovc. The sccond is allo­
caTcd sn:cly on thc bas1s of dcsirabd1l)'. As a rcsult, one or a fcw unlts, depcndi.1g on 
cap:icll)', m:1) rc..:L"I\C al! thc population from this sccond 5cgmcnt. Spcclfication of thc 
amount 0f cüur.t) populatJoi1 lo be thu!> dispc:rscd on thc b:~sis of dcsir;¡b;lny JS achicvcd 
throu;·~ thc DISP lll?Ut paramctcr pcrccntagcs, by decadc by use. 

Por cach dcc:H.k to be modclcd, proccssmg bcgins for cach county, each use, by calcu­
l:ltmg the ll'. o sc_sments of thc popula\JOn to be allocated. Land units are allocatcd in rank 
ordcr [;rsl b; thc pcrccnt:Jgc computeci by the randcm!Zing routm(.:. If the numbcr of 
j1Cüpk to be so :1llocatcd wtll viol::!te the den~1ty constraint, then thc ma>.mmm that can be 
:¡Jiocatcd ~~ a<o;i¡;nni, 11ilh thc rrmaindcr placcd in a residual to be uscd in the ncxt phase. 
i f no rc~1d 11:11 rcslllts, 1 he n as mue!, of thc d ;spersion scgmcnt, ¡f any, 1s allocatcd to thc land 
.. m,\ consi<.tc•-.t Wllh tk <iws1ty lcvcl Al! l:::nd un1í.s arr. thus forccasted in LOunty rank 
c•íÓ(T ¡; z,,y or tnc dJspcr~don segmcnt rcr·,JJins, lt is piJccci m thc residual or tl!e most 
·J-:~.r.-,blc lanu un1l 111 c;~ch co:._¡nty. · 

TI'<' c0nt.o1 t:ncs are J\"lil,lblc for use 1n conJunct1on W1th the initial aliocat:on phasc, 
\.81'1\ rrwr to :J!:,;cailon, EXCP aftcn>ards: both apply to dcns1tics. The XDEN control 
adOIIS u.,Cí-~;•c;:,f¡~ú n-.od!f1cauons lo be m~,dc to tlle DEN input par;¡mf?lers by Jand un1t or 

.:-h•,cs of lat'd unm. Tl1c .EA.CP con• rol ~dlows fo,· thc changing of dens1ties by Iand un1t 
tH cl:l:,scs o!' ianu unit~ aftcr mit;al :1llocat1on, and the sub~cquent ::lltcration of restduals. 
Tl:e rcasc.n for prO\'ldJn[ dcnstty modifical1ons both bcfore anó aftcr initial allocation i:; 
duc !o !he ctTcc! of thc DISP p.uamctcr. If thcre is no populat10n dispcrsed through the 
county, thcn thcrc \\Ould be no nccd for tbc EXCP control. 

, \f o del opo at 1011: rccant -agncultural al/oca/ 1011 

Th·~ funrtJOn of this phasc of thc ícrcc:tsting proccdure 1'> to al!ocate any r..:sidual 
popuJ;,'.Ion gcncí:t!cd m thc prcv1o".Js stcp to >a.:ant and ¡-¡gricultural ia~ds. Smcc no 
dc'>clo¡.mcnt 0f a spccdlc us;:: has oecurred on rhesc two types of land, dcnsit1es must he 
dcicnl'mcd :11 whtch dcvcl::lpmcTJt w&ll pro1:eeJ. It i!> nnrcalistic to allow new land to be uscd 
a t rhc ~;¡1~1~ !'1 ten<:) a~ curren t!y-uscd lané. Conscg ucntly, a rangc of dcns1tics bascd u pon 
::1c dc~¡r:,.[)]:,ty of th !;:nd unirs !S ron,putcd in thc following maun:::r. The most dc~irabk 
::1JT! 1s Jllowcd te> be dcvrlopcd to thc dcm.ity ofcurrent land, by use, spcclficd 0y t!1e DEN 
!1:Jrar.JL~cr~. ·r hr r~m:1.nmg untts 111 the cou1ily are .-.~s1gr.cd init~al Jcnsltj estin1ates by 
. •.lc.::l¡n¡; [, rando:n dcc¡~•J<~I pcrccniélgc from ~pccJaliy constructcd mtcrvals, which will be 
:r-¡.Le;¡ to lJo,· IilJ'l•i t:Jrc~bold dcnsity. Tl1c w;dth of an mterval is dcpe~dent upon the 

}'fOjiOrtJon o; cur~~..ntly-uscd land ro thc tot<d :J.crcaf:c of tbe umt, while its midpoint dec.rcases 
un1!'ormiy v Iih C:c,Jrabll'ty. Whcn allland unil5 :n a county ha\t: 1_>cc,"' asst.;ned an Ji1it1al 
cicn~;¡ty e ,¡,rn,ltc, f.nal o,:nsi[JCS are computcd by smoothmg the wiiinl cst1mate~ of con­
;¡g;JGJ~ unt;s !he. .!lgor!lhm f01 thcsc computat10ns is shown in Chart. 3. Note that thJcc 
;¡,;,·r rdatcd clcmcn\s comprise t11c denstty at which vacant and agncultural land is 
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Vacant-ag~,cultura/ dens:!y algont!Jm 

The !and unJts m a coumy are pnxx~~cc ,n orda of écsirab:!.iv. Ld 1, be th,.: in1t:JI éclls•ty cst,mat 
!and un;! ranked jth. • 

Thcn / 1 = dcn~ity leve! for thts cC'unty, íim de.::>~'~ this u~e. fwm th~ DEN o:tranh:··~·. 
For each of thc rcm::~ining un.ts, fs w:ll b..: ¿rJ.I\n r~r.dor,;!y fro:n ;::n mivul ·~:1o;..: c.:n·.:- 1s a u•ufu. 
decreasmg constan!, anc whosc '''dth is th~ propo.l'on t'ftllls !Jnd use to wnl :!cr.:.1ge. 

,V-¡-'- l 
The mu!-point ol th~ mtcrval MD = ----¡i--· 

3C .. L'S ~hi~ US'! 
Half thc 11 1dth of tJ;e intcrval HW = ;,-(--

1
--) _ IOIJ ::eres 

Upper boun<.l of thc mlcrval UP =-~mm (l. :1!D(l + ~\'{)) 
Lower bound of t11c intenal LO = m:K (0, !1!D(I ·- IlW)) 

r(uP- w.D) l 1, = L 
2 

R + LO J [DEl\' p:~r:tm·~¡erj 

whcre R is a umform (0, I) ra'!dom nu•nb•:r. 
The final dens1ties are -:omputcd by Dh1ng u ,,.,:,ghted Jver:~ge fe: each bn-:1 unit, o: tnc inltl.!; ce;:;!. 

of con11guous (111 1ts coumy) Jand units. 

dcveloped · the dcsirability of the Ulli!, tl-¡c arnount of ~:urrent land use r.crc:1.ge, :wd .­
de·Jclopment of ;;urroundmg units in thc coun!J. This ~rov1des for reason:1cle, sr•,c 
developrr:ent throughout ¡he cou:ity. Ne,'crthcless, changcs to t~1c final éensity :cr a s¡.-.ct 
Jand unit or classes ofland units m:1y t.Je efTected rhrough use uf thc STAT c::mtrol t)'!1t 

Dunng the imtial a!locarion phase of tht modei111g, t.:nallocate.:l popu!:Jtio::. by lJSC ·, 

accumuiatcd for each unit as:! result of the density spec:fic:~:!ons (DEN). This ropJ!J.(·. 
IS now a llocated to the vacant and agr:cultur:.>l L:nd : n ~;~ose u 'l!tS \\ nh non-z.:ro re~.d u.· 
The following proecdure JS appli~d íirst 10 vac:J.nt bnd, l'•cn 10 ;~(:·.ncultura!. Tl1c ac~c-'; · 
rqUJrcd to fully allocate the rcs:du:•l is c:.:icuLtted c:~in; :·~e ~·:·m!·.utcd dc!1SllY dc~c~j:. 
abOVC. Jf this !S Jcss th:tn or egu.tl tO thc ~creage ~\':tl!ab!r, ¡!,:; f'vpu!all0ll 1~ uSSJ);r,. 
current-use acreagc is increaseci, ~nd thc don:Jtí:-~g-type ac~c:•g(· jo; dcnca~e<~ l f thc :ter e-,_ 
rcquircd exceeds :¡vail.Jble acrc:J~e, al! av::Hbble is used, a:~J thL IcSJ<.lu.J! dccr,·mcntc:J hy 
n r>1ount of pcople actu<.illy ~!located. This procede~ re is :tppliccl to allbud tJ!1;ts l!l :l cou" _ 
in county rank orcer. 

The cont::ol information app!icablc to tbis ph::hc of fvrcc-tsting i~ of two typcs: t!. 
pertammg to rcstr;cr,ons on the use oí v:1c:mt and :>rnc•J:L,Ltl !;;11Íd (HOLD), :md f: 
perta1ning to rcstrictions on thc use: offorrcaslcd bnd UOSE) Tk:t: two typ..:-; of con~ 
input differ m structurc [rom thc othcrs in tha: cach c:l'.ty app!::.'~ toa spcr::::c P.lln•:d l: . 
unit, and the v . .lucs rcpresent acrea.:;c per dccadc. Tnc Z001E ¡··,r'~IIllatim~ fl'~tnc-, :•ere: · 
for any of thc four uses to the m.n.1mum ~pedkJ 1))' tl1.: uy·r Th~ HOI.D cc":ti(~llll; 
ailows th~ spcc¡ficat<Jn of::tn amou0t of c1:hc:- \'aL:...nt o; .:-t_;ticu!:ur::l (or b't!l! -C~c.:t~c :e 
witbltcld from developmcnt fc·r the decades dcsm.:d. Th<:sc fc.~\urcs ;tl:ew for tl1c t:::j"abi; 
to accommodate ~pccific projectio:1s for a iand unit, sucb as rccr~.I!I<.'n are 1>, i'L'IJ':',j J.¡•· 
and depopulatior:/bnd rcstoration . 

.Model opcra:ion: coz:nry-wide allocation 

On a theorctic,tl basis, this pha~c should not be im ;:1keJ: 1f t'h,· m pul p:lr:unL:tcrs a 
control inforn1::.tiOn h:J.vc bce:1 propcr!y ~rcc,ficd. l~·e two p~l·'r f!J:,·.cs ~hotTld !J:..,·c fe' 
castcd bo!h intcnsi1c anJ e)-tC!iSivc !::mi uses w.th i\0 rcó,clu •\ fl'" .. '.Í1:i1·g· Th:.,,:,tic t', 

however, there is no way to prccJsuy 1orcrast the mformation ~ce; u :red!:-_~· thc ::'(•,'e:, L"' 

scqucntly sorne method 1s nccdcd to attempt to z.Iloc:-~tc any ~,·~¡d•J:·Is rcm:!Í'lJn_:; ~·rom · 



, JC n t-.·_- ~ .... · ..... ¡ .. : ~::: T ;::: ft1 :-1..:-tj\)il of t h~s l.~ q pi-.::. ... e of forcc.:iSt! ;"Jf. 1' t0 e\~ i " .... : \"'~.l te 

¡-,.::, . : ¡ r: eL.:·,, ::·,;n 1s, tr,c s-..r., c.:::!il residll'lh ;•.tt~1ch.:d ro thc l:!nd -.:.-:::s :n ~.i( u . . :1~. 
l:-. -, e: L'C r.~.•Jc and dcs¡r.::'::;ilit)'. Cou' 

1; ~~L .-,., .~.tcns¡\c, c:-.tcm,\C, Jnci intcnsiH 
c .. :!.·:.l: ;·~)()\C, In any s.cp, r,roccssing is in 1 

1 ,o¡.~ul.!\i0n f1r'it. Thc flr~t stcp :~ttcmpts to alk 
'' ¡tJ:¡n th.: ú:ns::y ,;p~c¡fic;¡tions (DEN). As m:· 
thc J.¡nJ un1lS in ordcr. Any residual rcm:Jinin[ 
\,lL:ll1t ;;nd tl;cn wgncultura! land. Tlm stcp • 
::nd rrc·U·'I.:biy gcncl:J:es more dcvclopcd la1 

.1llol .. tc nc,, acrc<~gc, and does so at lower de 
íl.n .. ;;;-:tcr, any rcsiduJJ still remaining a[tr 
:nicn· •j,·:~:~~.m o~ use. Thc tbird stcp, thcn 
~.n, · l>fli'[' Jcvclopcd laad to the mJ.ximuJ• 
pw,i ·i to Li:mir.:Jte rt."'>Idual popu!::ll10n. 1\ 
.1n ~í~·'' :r.>'-.JSC wltich statcs that thc moti• 

'l.(C.;>·flil. 

¡; wp¡nng 

1.1,· n·:.1,1ping fcatu:e, \;hJle notan inhcrcnt function of the modcling 1tsclf, ~r.ouid 
;<¡,·' l) o.:. Jc~cnbed :.:t th;s pci1~t. 'fhc scvcn coumics and city wh1ch constiLUte thc St. 
l_r .. ~,\í~.' klve b::cn di\;dcd mto a total of452 bnd units, w)th 1h'3 spcclfic iJrc<t;;.down 
,.,,tcJ ,,, ; .. :;!e ¡ I-: ('ít!cr tv pro\ 1dc maps of ti1c n.g1or •• a g1 1d ~ystcm was :-:.u¡;crimpo~-.:d 

••r. ;-¡ LCrl'>L:., ;~:JCt m:1p Thc ¡;rds \\ere dcfincd to t-e 5000 íF, rcsult:n5 m a rowl of 5300 
ce''' . c2~·.ny to dcf.r~c thc rc:;1on. Ncx.t, a di1 cc~-al.ccss file was bmlt containmg .:ach ~eil 
,n 1. rc)on (rov.-column dco1gnation) anci Jt.' conc~pondmg land umt number. 1víaps are 
jlfO~ 1.cd b:; dcc.Jdc by u~c cJthcr for the cnllrl ITí;ÍOn or for spcofic countics ofpapub:,on, 
._u •. ,,~- or dcns:ty from thc forcc;-,st files gencratcd by the model. The valuc ofa forcc.::~tcd 
Ltr •. ::·'·~ fcr cach land tm1t is assigncd to al! thc grid cclls wh1ch are ass1gncd to it. Tr .. ~ 
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mc;Lcd do::~ introduce a ccrtam arbmary ckmcnt m the map~ since not cvery land unit h01s ~ 2 ~.~~~e: 
lmcu b0und;mcs, but thc <.legrce of dJ5tortion is m•nimal. 

A land unit ovcrlay, sbown in FJg. 1, was produccd by creating a pseudo forccast Llc ~n"•~e: 
\\hc,,c vana bies wcre csscntwlly thc bnd umt colors of the ccnsus tract map. 

Modc! úU!put 

Output :rom the modeling ciTon m:1y be di,,idcd iHto rwo cJ:cgories: summary rcporrs 
:md :.m.;n0stic !nformation. Thcrc are four su:-nm<:ry reports for each decade, onc 
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Jrresponoing to each of the last tl,tn pl¡:.¡,c~. plu<, a c:ecad-: summ, .. y (whk!1 in .. !u.!c 
mformation from phasc one). A!so producd is a Jisting of ti-te input inforn,a:ion all~r. 
;\'ith any logira!ly-dctccrablc errors. The decadc:" summary li~:~ c:~ch l:md unlt in scqueP.­
order, intcrrupted after thc l~st bnJ un1t in cach cot~nty by tlw county totals. Th~ u:f.•rn 
ation displaycd, bj' land uc,e, con~ist~ of: prcviouc; :ud currcnt dccac!c po¡.ub~l'Jn· .. c:J.t''o' 
2nd pcr cent ch~t'lge, previous a11d currcnt dcc:~de :JCrc:.1g.:s. c~1:!nge, :-tnd ¡xr C(nt clur.s· 
the pcrcentage of popul.1tion :-~lloc:Jtcd, the countv r:::nk, :.Jnd prcv10us :rnd ~:urrn 

¿ecadc densities. 
The su mmary report gcncrated by thc initial ailoc:ttion p~l.!sc J ¡,r!ays by cou nty, b 

use: people al!oe:tted and percent:!gc, residual and perccntag~. thc number of !.md unP 
wirh non-zero residuals, the units w:th mJ \tn1llm and mínimum den~:tics and tl1c~e v:~Iuc 
and the most desirable land unit. 

The "ac::nt-agricultural phasc summary report llsts by <:ounty, by use: the popuía.llO 
and acreage allocated using agricultura! :-tnd vacant 1:--nd, thc res1dual rcm:1•ning. anJ th 
a:nount of and umt wit!l thc nJaxinlUm residu:!l, the u:1its \'.tth m..t1.!mum and m!f'imu! 
resultant dens;tics and thesc values, anc1 thc units w!th m;l\imum :·cre:tge a('qui~it:un an 
this value. 

The- sumrnary report of the counry-\\idc al!oc:lt!or: ph::tsc dtsp~::ys by county, by ust 
the popul..ttion, acrc::~ge wherc app!:cablc, :lnd the numtlcr of l.lnd un liS effcrlt::t1 l'y e,\ch e 
rhe three stcps. Diagnostic information constst~ o:· thc lntcí,ncd·.t:e c:t!cul.¡t,ons o[ th 
vacant-agricultural densities, as ,\e!! ns t!le ];,ting~ of thc c!:."cch of tk four t) Jl"~ of CL':ltrl 
rules. 
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,\n c.\.! m pie of the appltcat10n of the forcca~tmg model was prepared for th1s arttcle for 
,·llu~tr,ctt\e purposes. Whlle the entire reg10n was modeled, only Monroe Counly, Illtno•s, 
WJ~ ~elcctcJ for spcctfic descnpt10n here beca use it has the smallcst number of census tracts 
o¡' ..¡ny county 111 thc SMSA. Monroe is a rur,d dowmtatc lllmois county JUSl Southeast of 
thc C1ty of ~t. Louis; all four land uses wcrc forecasted. 

Tablc 2 l1~b thc control cards specifymg thc vanous parameters used in forecastwg; thc 
p.lrJmcrcr tnput was suppltcd by the Rcgtonal Tndustnal Development Corporation, a St. 
l úuiS plunntng ;¡gcncy. Exhibit e lists, by control card number, the explanation of each 
,·,..:m of mformatton supphed lo the model The ficld MNRO identifies the mput as per­
l.tl•l 111,:; to 1'vl onroc. Cards 3-19 werc common lo all counttes. The spec1fica tion of 'CALL 8' 
on the flLL cards mvokes a porlton of a user-wntten subrout1ne to reverse the general 
r.u•"-•ng cri1cnon. Recall that the larger the value of a ranking vanable, the lowcr tls 
"''oc1atcd l.1nd un11's rank number (more de~trable). Tn order to obtain the oppos1te 
~11'..:-:t, 1.~: thc l.ugcr the value ofa ranl-.tng vanable, the htgher its associated land un1t's 
unl-.. numbcr (k>~ des1rablc), use of thc subroutme 1s reqlllrcd. 

Tabks 3-8 conta1n lhc summary report~ for each of the decades modelcd, 1980-2030 . 
. \;.:cr.::;:~tJng thc :~crcagc mformation in thc'c tablcs, 11 is posstble to construct thc Incrc­
lllL'Ilt.il ,Icr~.•¡;c alloc,l!ton by dccade. Thc rc,ults are shown in Table 9, which may be uscd, 
r .. , n.1mplc, to ~ce that thc large jumps in ncw acreage for restdential use occur durmg 
l'•t>U-I<J90, and thcn dunng 2020-2030. Thc reason for the increase in 2020-2030 can be 
< 'PI,11ncd a~ follo\\ s. Tbc InitJal large acn.:age allocation during 1980-1990 resultcd in 
l\)mJJcraqlc rcsJctcntw.l land avatlable at low dens1ties. This enabled intcnsive residentwl 
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develormtent on these iands for approximatdy tlw next 40 ycars. Dy the year 2020, howtvcr, 
the den sities in al! land units approachcd the maxnnum specified, w that t x.tensivc use: 
prcvails during this per!od. 

The map of the forecasted res•dentid population for 2030 for the cntirc rcgion i~ shown 
in Fig. 2, whilc Fig. 3 display~ the 1970 rcsidcnttal population for Monroc Cüunty only. 
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TO 
DO 
l'OP 
DEN 
Dl~P 

Typc 

FJLL 

zo;-.;E 

tiOLD 

RAt-.K 

)o.. DEN 

EXCP 

STAT 

)rhlc~qnal (ll\D) 
Card numocrt 

3 

4 
5 
(, 

~~~ 

21 
~, 

:Z4 
25 
2G 

27 

E>.hrbrt A. Para meter input 

Dcscnpt1on 

Srcc•flcs thc last dccadc to be modelcd 
Spcc!fics thc countrcs and land uses to be modcled 
Spccifies the county populatron by dccade, by use 
SpccJfics thc county dcn,Jty (pcoplc/acrc) by dccadc, by use 
SpccJfics thc county d1spcrsion perccntagc by decadc, by use 

E>.hrb1t B Control input 

Sp~clf'ics thc vanablcs to be used in ranl-mg thc land units, by 
coumy, by use 
Spccllics thc ma\imum ¡¡crea~c m thc named land unn to be ns­
s•¡;ncd to a part¡cular use, b) dccade 
S¡•c: .. -rcs the amount of ::.crc;¡ge of \Jcant and/or agnculturalland' 
to be \\Jil-.hcld m thc nar.Jcd land un1t, by decade . 
S¡cc.:ics " rule uscd to nltcr thc Jand unll rankmg, b} coumy, use, 
and dc.::Jde 
S¡JCcrfics a rule used to alter thc 1nput density of named or classed 
i::lnd t..mts, by county, use, and dccade 
SpccJt';cs a rule u sed to alter the rc~ults of thc imllal allocation phase 
of narr;cd or classcd land umts, by county, use, and dccade. 
S¡Jcclfics a rule uscd to aller thc compulcd dens1ty al wluch vacant 
and ::,;nculturalland JS dcvcloped for namcd or classcd )and umts, 
by county, use, and dccadc. 

Exh1b1t C Example control mformauon 

Dcscnpt1on 

Dcf:JUlt 

2030 
al! 

rec¡u1rcd 
rcqUJred 

zcro 

Dcfault 

reqUJrcc;j 

1gnorcd 

ignored 

NA 

1-\A 

NA 

NA 

Rank dcsrrabdny tl1rcctlv wuh thc acccss to transporta!lon code-mdustnal 
(1ntcrst~tc>, arrport, truck, rail, bargc) 
R~cnk dcsrrabd1ty drrrctiy,\~llh pre\rous-dccadc cmployment 
Ranh dc~Jrabdrty llll'crsdy lo prc\ 10U~-dccadc rc"dcnt1al populat1on 
R;;nJ.. uc-srrabrlllv Jn\Cr,clv to rLcrc.llional ;!Crc:~gc 
C0un.y forcc:~q "rc•pulat¡¿n by tl~cadc, 1980 through 2030 
CoJ:ll)' forcc.¡q d~'l~rt; by d.:cadc, 1980 throu¡:h 2030 
County forcca~t tlr:,pcr;JOn pcrcentages by dccadc, 1980 through 2030. 
R;mk acs1r:tb111ty mvcrscly w1th d1stJncc to lntcrsiatc 255 (th1s is a growmg 
rcs.dcPI!al arca) 
Ranl desrrabillly rmcrscly to dl'ii::lncc from thc southcrn mo~t part of S t. Lour:, 
Jncrc:lle by 1 12 i'copk;acrc thc mput dcns1ty of land umt 328 
Incrca'C by JO pcoplcl:,crc thc dcnsily aftcr lnJiial allocauon of any land unrt wh1ch IS 
e¡·· a m:cJOr or rnlllllr non-contJguous communlty 
[ 'C o; 20 pcoplc,'acre thc vJcant-agrrcultmal densrl) computcd for any land 
UfJJ \\hn~r r-;....,~¡-.;,: 1r l•ldustr-•"'"1 cn•.-,JO•'~ller.: ;J't~~ ¡n•' " 1 ._:¡¡..-.,,-·t¡n-, 1" l(".s::: 1!.;-. ·-
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Residential (RES) 
7 

8 
9 

10 
-28 
29 
30 
31 
32 

33 

34 

Commercial (COM) 
11 
12 
13 
14 
35 
36 
37 
38 

39 
40 
41 

42 

Public (PUB) 
15 
!6 
17 
18 
19 
43 
44 
45 
46 

48-48 

49 

t From Table 2. 

e F. MEYLR, A. D COROEAU and H. L. MACK 

Rank desirab1lity d1rect!y w1th- the access to transportat10n wde- re "!rnli3 
(interstates only) 
Rank dc:,Jrabrlity d1rectly w1th previous-decade population 
Rank desirabd11y mverscly to thc curren! clunge m tndl!st, .al C'1'j•!O) mC'1t 
Rank des1rabilrtv 1nversely !O the cx1slence of o!lice centers 
County forecast-popu!atwn by decade, 1980 through 2030 
Countv foreCJSt dt:llSilY ~y cccJdc, 1980 throu~h 2030 
County foreeJs! drspers·un pcrc.:ntJ¡;cs by decJdc, !9SO through 2030 
Rank desJrabdllv dJrectly \\ .th d1stance to Jnterstate 255 
Incrc:lse by 5 p.::Ópie_I:Jcré ¡l¡e mrut dcnsrty ofany J.¡nd unir \\l.ich IS erth<:r :1 :-:JJ: 

mrnor non-<:onuguous COnl"lL!!liiY 

DecreJse by 5 pwple,acrc thc densrty aftcr,¡n,trai al!C>-:Juon of tiJose l:lnd 
WhOSC change In industnaJ empJoymf'nt CXCeCds ]'()Q 

Dccreasc by 5 people!acrc the v.!cJnt-agncultural densrty compu·cd for t~w~c 
umt< who>c change m r.:,¡dcnual popuiJ110n aftcr J'l'IJJI ;>.IJ0C.•'rO:J 1' k>S tl2n 

Rank desirabil•ty d1rectly \\'Jth the access to tr:~nsportation code-re.~idcn!IJi 
Rank desirabrhty d1rcctly w11h prevwu~-decadc commcm.ll cmplo) mcnt 
Rank des1rab•hty d1rectly \lrth thc currcnt clunge in res1dc:ntral popuiJti0'1 
Rank des1rab1hty d1rectly wuh the C\J;tence of oti!ce centcrs 
County forccast populauon by decade, 1980 through 2030 
County forecast dcnsrty by decade, 1980 through 2030 
County forecast d1spers1on percentagcs by dccade, 1980 through 2030 
Doublc thc 1mponance of the ranl,: ciernen! assocrated Wlth thc curren! chan 
rcsldcnl!al populauon 
Ranl- des1rability d1rectly wnh thc d1stance to lnterstate 255 . 
Rank des1rab!loty d•rcctly w1th the curren! change 111 mdu,tnal e111ployment 
Decrcase by 5 people/acrc rhe vJcant-agnculrural dens:ty computcJ for nny 
umt whosc change m rc>ldcnual populauon 1~ less th:1n JO 
Dccrcase by JO peopk/Jcrc thc vaLant-agnculturJI _dcnsrty computed for "':'1)' 
unn whosc changc 111 commcrcral cmploymcnt aftcr Jnillal ..li!OC..ltron 1s kss tnc.l 

Rank destr..lbrhty d1rectly \~·uh thc curren! ch•nge m commerclal emplo) ment 
Rank dcs1rabdlty tlrrectly WJth prc\'lous-dec.•dc publrc popu!.1tron 
Rank des1rabi!Jty d•rcctly \.rth the curren! ch.1ngc 111 rcsrdc•llr.!l popu!Jtron 
R:~nk deslrJblllly drrcc1ly wrth rccrcJlJOnJ! :~cre.1~c 
Rank dcs1rabil 1ty d1rectlv wuh the ( \rotence of otl1Le centas 
County force~<;! populat;on by dccade, !9SO through 2030 
County forcc.1~t dcnsuy by dccJde, 1980 through 2030 
County forccast d1spcr~ron pcrccntages by dcc:~-tle, J9SO through 2030 
Double the 1mporwnce of thc ranl, elcment as50Cr.Hcd v. 11 1

1 the currcnt ch~n! 
resJd.:nt1al populalion 
Tnplc the 1111portancc of the rank clcmcnt a<;SOCJated wrth rhc curren! chJn~ 
commerc1al cmploymcnt . 
Dccrc:~se by 5 pcoplc/acrc the vacant-Jgricultural dens1ty compu1eJ for :~ny !JntJ 
whosc ch~ngt: 1n cvnH'Jcrc¡aJ cmploymcnt Is lcss th..1n 10 
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\l"tL•'•-Tcts r.1pc. prcscnt~ a computcr mrdcl for simulatmg urban grawth, gl\cn a ~el of 
• u)l"<' :1c a:•J tr;~r~p,vtatJOr. paramctcrs. Thc rnodcl is dcst¡;ncd for bnth forcc.:lstot;g and pcda­
; •':0:" ¡•urpos•;s lt altcms thc planncr or thc studcnt to produce a spa!Jnl forccast of I.HH.i uses 
,., :1: •· en ::cnt;rapillc rcg1on, on thc b:1>1S of nogct.ously dctcrmmcd grnwth paramctcrs, cm­
¡'1":•'1.' nt r~ttcrn'i ~nd tran~ponallon 111-:rnat!\CS. Thc program ca!cuíatcs fl!ll!rC lcvcls of 
,,clll~<: ;md bnd a1c:Js rcqUJrcd for cach actJV•ty. lt al<;o allocatcs iand uses 111 ~p3cc. Thcsc 
t .. n~!·.J't: ;liJo.: llie>PS are the,n pnmcLI ou: for c<~ch fu:urc yc..¡r, and ·are dctcrm:ncd on thc basJs~ 
<'! m'lllll1!7!rl!;, thc t1n-::c Sf•Cnt In tr:IO\i""Oft<itiOt1 bctWCC:1 c.J.Ch OCW ,3Cl1Vtty r:nd aJI CXlSliJlb 

actJ\Jllc'i m thc 1cgmn. 

INTRODUCTiON 

¡·oKLl" ISli.'.G fu! u1c urhan dcH:lopmcnt parrcrns which might rcsult [rom altcmative policy 
''(lil11l\ ts :tn tntcgrai p:~rt ofar.y p!ann:ng effort. This, howevcr, IS notan casy undcrtakmg. 
.\ numhcr oi complt:" stmu!atwn modcls ha\ e been dcvc!oped for this purpose during thc 
r-·'l t wo decae es Thc~e inclucic su eh models as Chapiil 's probabilistic modcl of urban 
rro11t:1 [ 1], !-f¡!Js' Empiric model [2], Lowry's Model of Metropolis [3], Herbcrt and 
SiC\cn<-' l~c.:;ional growth model (4], Schlager's land use dcsign rriodel [5], and othcrs. 
Compíchcn,ivc rcvic\\>S of the statc-of-thc-art in urban and regional modclmg are givcn 
ci<¡;ll he re [ 6-8]. Rcccnt attent1on has bccn paid to the utiiity of these modcls in explorin¡; 
thc CCllllJ'lcX int.::raction betwC'cn transportation and land use and providing a uscful input 
into thc formu!atton of urban and regional growth policies [9]. Parallcl rcccnt intcrest has 
fccll'cd on thc dcvclopment of computer programs and algorithms for the gcncration and 
l'' .llu .• tion and sclcction of architcctural and industriallayouts and spacc allocation schcmcs 
[ 1 O, i 1]. Tr.c compulcrizcd model \\ h1ch is proposed in tb.is paper combines sorne of lhe 
re le\ cnt ch:tractcnst¡c~ and approach-:s which are u sed by urban rnodclcr~ and i1~dustrial 
l"n,t;m.:'t:rS. lts purpo~c is lo aliow the planncr to explore the interface bctwccn transport­
~:1!8n 'Y~·•·~m dcsign and thc form that nty grov<th \\JI! takc. Thc computcr ca!culates the 
rrO'-\ 1h 0f t i1c city on a ycarly bas1s and shows this growth in the forrn of changcd J;-,nd uses. 
•. .c:.;;,~ tr:;\d time bCLwccn comp:mm1l.líy br.U uses is used as the deiermmatmg factor in 
lo .. -~.ímg l.u1d uses in thc cny. 

TilC pmposc of the mOlicl !S to allow the planncr to produce a ~patial forecast of land 
li'.:~ fur :1 ["1\'Cii wbar. sctllcmcnt. undcr a prcdetcrmmed set ofcond!tJOns. The5e concl1tions 
mcludc g· ,,\., th p.n .1metcrs, emplcymcnt pattcrns, and transportation alternativcs. It Is 
1:-.tcnc•:J th;tt thc model w11l cvolvc into a too! which is uscfu! in evaluatmg a!tcrnative 
transporta t10n and growth pohcics, especial! y as tht:'y might affect future land use pat~e; m,. 
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T !-!E MODL!. 

The urban rcg10n is rcpresentcd by a square m:nrix X of variable size w x u·. I 
element in the !ll:ltrix reprc.;cn'.s a city block or wne. Thcsc zones can be Jcfi ncd by su 
imposing a square grid pattern on the city, but they can also take_ any irrcgubr si 
provided that each zone is not contiguous to more than four othcr zoncs. Thc transfc 
..ttion from irregular shap..s ;o the squ:ue matrix is rnadc by dctilling thosc contigl 
zoncs, and by dcscribing tlw -conncctivny of thcsc zones by a tran,portat;on nct11 
raeh zoñc ca~ be assigned any ?ne o[ the ,following land uses: 

(1) Primary Industrial (í}-Arcas of manufacturing and financc mdustries de:1lm: 
a scalc much larg!'r than the c1ty bcing modeiC'd. The primary iunctil'll of t 
industries in the cit:; i:; that_of en cmp!oyer. 

(2) Residential (R)-Areas of hous111g for the city's inhabitants. 
(3) Serv1ce Industrial (S)-Areas of sen•icc industncs (stores, schools, churches, ; 

ernment, cte.) cater!Hg to the needs of th<! city's inhabit:mts. 
(4) Parh (P}-Cpen larjd. S!lecifically allncated to rer.reationa! u~c . 
(5) Open Land ( )--Land availabie for development into one of the atove uses. 

Ir. add1tion, other land usl.!s can be enlcrcd into the matrn by as~1gnir.g char;:tctcr~ e 
than thc code letters given to the corrcsponding ·matrix poi:1ts. Smce t!te;e charactcrs 
b;! overlooked by the computer in as~igning land uses, the are:1s representcd mus 
dcveloped te their ultin:.ate use or !:oe :~re~s wh~~'? ri~?v"l0I'l!llC!lt is not f('aqr.Jc <;De' 

rivers, mountains, fioodp;:llns, etc. 

.- ·-------¡--;-------r; -.---·- .. --, 
1 

l.l el,.. 
1 

... , :J • 
1 

1 1 1 
i 1 l 1 
1 r 1 l • F 1 
1 ¡ 1 1 1 
, r 1 , 1 • 

h:·i--¡l---h;;-- L---h:3··/--- ~ 

! ~~~-~ ¡ ¡ i·l ¡ L ; 1 ~ \ 
:-J~l--~1 ---:·)~-¡--¡,---- -~·l,l] ____ : 
1 1 1 ' 

~ ..l.. ~1 ).., ll : 

!~ "' • 1 1 

1 ' 

'------ ----!.. ··-- ------ -L- ------- -~ 
F1g. l. Land use and ro.td speed matrix. 

The region's Hansportation system i:; repres::ntcd by two other matrices. The~e mat 
rcpresent connectivity and spced along any two rn:,_ior ~.xis {say, north-south and c:tst-w 
and are (lenoted by RSx and RSy. Each c!cment in thcsc !wo matrices rcprc!>ent<> a 
betwcC'n two zones in the X matrix. It should bt· noted again, that the me of thc two m 
axis is only conceptual and n:present~ a genc1~l dircctic.n of mO\'CmLnt r:!thcr th:tn a ~tr. 
-ouhogonal tr ámpe~rt:1tion nctwork. A n idea lized 3 x 3 land u~c matrix reprc,.:.-ntn 
pnmary ir.dustn~! ::.nd rcsirirn!ial re:gion is shown in Ftg. J. Sup.:rtPlposcd on 1t 

transportation nel \\ ork v. J,o3G connccttvtty and spc;::ds are shol'. n by the twü ~''·'t · 



_ 11. computcr sm1Uia110n of urban &ro'' th ló2 
161 

J S DAJANJ and M. W. RUNIIARDT 

, , ''•cd .\•'e''.: Thc srzes of thc matrices RSx and RSr \\di dcpcnd on thc s1ze of the 
, ,·,! ~'-' n; .. trt\ r. For a 11' X 11' land-use matrix, RSx wlll be (w) x (11·- 1) and-RSy 
· .. !. :·: (•· 1) , (11'). Thc valucs ofthc driTcrcnt clcmcnts ofthese two ma\nccs rcprcscñt 
·' ,. ;, '.d11c · ¡,·cu) a!ong the respcctrvc lmks. If, for example, al! entnes rcprcscnting local 
.: .. ; .. 1 •t;<'l'h .:1e gncn a value of 1, then frceways may be rcprescnted by an entry of 3, 
,:,':, 1.1;:• th.tt tl1cy run at thrce times the spccd. Values ofO can also be entered to indicate 
tLc . !· L'llLL' nf a connect¡on or a transport link betwecn two eontiguous land use zones. 

()¡,~.e an 11rh.tn rcgton is dcscribed m tcrms of land use and road spccd matrices, the 
;¡;,.,;el ¡':<1LL'L'd' l\l perforn1 the following four functions: 

1 1) lt ¡:cncl.t!L'c; aggrcgate population and employmcnt growth figures for any number 
of pr,·cktclnuned sequence of future years. ' · 

1 :¡ lt ctlculatc' the concspondmg changes in land use which ar~ requircd to accommo­
dall' tilc prOJCCted growth. 

t)) 1 t ¡,,<.ttl'' ;;cw projcctcd land uses on the land use matrix, using a maximum access­
tbdtt\ M l.lllllmum total travel time criterion, as describcd below. 

¡.:)· 1t pr•'JtiCL'' an updatcd land use. matnx anda set ofupdated statistics for the urban 
rL·¿:tL'n al i:te dcs1red futurc year. 

·¡. :·e iour \tcps ;¡re shown in Fig. 2 and d1scussed below. 

PEA::> + PniNT 

INPUT DATA 

Doi•lto!n' 
~--------------------------l 

1 

1 GEIIERATC POPULATION 

1 

AND 
EMPLO)~ENT FIGURES 

DETERMl!;r 1 OF 

l,¡;w LOCATIOI;S J\SSIGNI:O 

LOCATE NEW LA!.D 

USES ON MJ\TRIX X 

! 
l'RIIJT: POPUIJ\TION, 

EMPLOYMENT, NUMDER OF NEW 
LOCATIONS, X 

1 
1 

1 : --------- ---¡---------------J 

@:jT) 

Popular ion, e•np!oyment, and /ami we projectwns 

Population -and employment prOJections· are madc by :1pplying thc ccunom1e 
method. Th1s method JS dependen! on a number of rat1os that represen! qu,tntit: 
relationships between ddferent parts of an urban econom1c system [ 12) On ti' e b.:~ 
ratios representing the proport10n of employmcnt in prim:uy or C\port Jndu<;tnes to , 
employment and to cmployment 111 loc ... tl ~enJCe industry and thc rati'o bct\\Cl!' l •11r!o_"' 
in e1thcr of thesc typcs of tndusl!Jcs to total urbJn popui.:!IOil, thc p'anncr ran c~tn 
futurc employment m primary and ~cn'Íec mdustries, as wcl! ·'' C'\pcctcd futurc popul.ui 
This, of course, assumes thJt thc systcm ofrat10~ remams appl1.:-;tl:'lc throu,:;h t1 1e prOJC'C' 
period. This assumpt1on ~~ not very cntical m this moclcl_. bccausc pro_:ccttOP~ l·lf 

made on thc basis of ycJrly mcrcmcnts, and thus the ratl('' can b~ chargcJ .:é ;111) :··..: 

date, if so desired 
Once figures are obtamed for future primary industry cmploymcnt, (PI [ 1,:), ~cr 

industry employment (SIE1;:) and total population (POP_,J 111 a g1vcn year .1\, the prof'. 
proceeds to compute the numbcr of zones in matrix X to be alloc .. tcd to e.tch or the l 

land uses descnbee above. Th1s is done by applying scak and clcnsJty paramcters \li 
are predetermined and entered WJth the input data. The solc p:tr.tmetcr e~t:tbhshes 
size of the land area or zone to be rcprcscnted by an entry in the Jand-u5c m.~trlx X. · 
givcn as the number ofzones pcr squ,lrc m1le. Thc dens1ty paramctcr rcp~cs·~nb the nun 
of employees (or re~idents) to be accommodatcd pcr square m de, in a zonc of a _:;11 en 1 
use classlflcation. Three such density parametcrs are g1wn, corrcspond1ng to p1 !Ir, 
industrial, sen'Íce and residenllal clc.~ssifications. Thc numbcr oí Loncs needcd to "ce< 
mod~te recreational park dcmands is obtamed by using a pl:lnning standard C'\pre~~t=c 
thc number of residents served by one square mlle of pJr},l:t!ll~. 

Land use al/ocation 

In the version of the model dcscrihcd in this papcr, tlic land-use allocat10n proces 
based on the premise that all newly gcncrated act1vi11es locatc so .ts to mrn1r1i7e t< 
travel time to sorne set of other e>.isting activ1tics in thc urh.tn rcg10n. Prim.tr; indmtr 
for example, are concerned W1th minin11zing their total travcl to al! othcr pr1m:!ry indust 
already located in previous rounds. Service industries are conccrned with acccss1bi 
to the1r patrons, the residents of the reg10n, as wcll asto thcir suppliers 111 both !he pnm 
and sen•ice sectors. They will thus tend to locate so as to mtn•mize the1r total tr:J.ve! 
these three groups. Residents wil! necd to travel to al! four l:tnd-uscs and wii! :!llls attcn 
to minim1ze total travel time to all e1mting facilitieS rn the reg1on P.trks 11ould be ratton~ 
located so asto mimmize total travel t1mc to thcsc parks frnm al/ rc~Jden!J.tl are:-ts. 

Total travel time, u,,, bet\lecn a givcn zone 1 and .tll othcr JL'r.c' ofland-li',C' cL~-,s,fic.lti 
j is dcfincd by number of tnps e~.pccted to orig1r.ate rn zonc 1 :-tnd t~·r~Jllnatc 1n a zonc 
class1ficationj (n 11 ), multip!Jcd by the average trc.~vcl time (t,.) hc!l'.ccn 7onc i a'ld al/ zo• 
of classificationj, actually in existcnec. In other words · 

The average travcl time JS calculated from thc road speed m:-ttrix, by adding the d1star 
between thc zone in question and al! zones of classtficatJon J, and '"'•1d1ng by thc to 

1mber of zones 111 that classificat1on The tot.tl travel t11nc for , en ;onc \\' 1l•ch 
~vailable for dcvelopment JS the ~ummation of equ,Itton (l) .tbovc ovcr al! cl.¡~-,,Íic~~··-
"';1-"'1 <;:--~ •r T,...~,,...,f!~ ., •. ',. ~1 n .. , ,.. , r -.-;JniT11l~:lfl("ln (''·ter¡ t 1!('<..r''' 1!""'~ 
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·¡h.: ldtmh.'r rp rntcrchangcs (nu) 1\hrch can l•c o.pccicd to occur pcr day bctwt~ .. 
; "' 

1
cnv 0f a f:lhu cbssrficatior: are obtarncd by ap?I)'Jng lhc clemrty and se;¡ le paramctcrs 

!.' tnp n:tcrcii.,ngc valucs which can be c~trmatcd m trrps/rcsrdcn! (or cm¡,loycc) per day. 
·¡ nr\C l.rttcr \.tlucs are cntcrcd in a matrn: (N). Thcrc could con.::crvably be a numbcr of 
:,·r•' cr.tncs in thc matrix dcnoting irnprobabl;:: intcrchangcs. such a~ bc-twccn a pair of 
,,,;w\ rl,J,\Jficd ;¡s rccrcatwnal parks. Thc prescnt vcrsion of thc nooclcl assumcs symmctry 
111 row\.:ro1cnt, .1nd thus that !he numbcr aftrip~ per zonc pcr da)' bctwccn land uses j and; 
1
, thc !'.1mc as thc number bctwecn j and i. A typical interch;~nge matrix rs &ivcn bclow. 

11 I:t·rc thc x's rcprcsc;H a possible rnterehange, and thus an cntry in thc matrix: 

1 R S p 
... 

ol /IX X X 
RO X- X ;¡ N~t X X 

p o X o oj 
An rn1plicit ;~ssumptron in thc use of lhis matrix and equatron (1) above, is that the 

l•ul';bcr ;lr tnp> bet\\Crn lwo ZO!lcs is so!cly dependen! on land use, and is d1stance rnde-
' r·:rJcnt Th1s, of cour~e, is an m·ers;mpllficatiOn. It has long hccn establ!shed that thc 

nunihcr n( tnp~ is nlso a function of drq¡•ncc and tnp purpose. An cxponenlJai decay 
;d.lt.on,h!p eJ<J~ls bctwecn thc n!.Jn,hcr of trip~ undert::~ken and tnp lcngth, as hypothesized 
b~ :he gravrty modef. The exponcnt of dccay is a function of trip r·urpose [13]. Both oí 
tk~c f.rct,··:-~ c,.uld b:- Jncorporatcd 11110 the cakulatJon of the tot.d travcl trme (tt,¡) by 
uH·uuulmg thc number of trips with largcr lengths and incrc:tszng the number of shorter 
ili¡J>. by faetors appropriate to each typc of tnp interch:tngc. 

In arder to perform thc aliocatwn procc:;s d~scribcd above, the model defines fivc 
tr.ncl Irme ma1rices: onc for caeh of thc four iand uses considered in the modcl and a 
IJftl! lo be u~ed for rntermediatc travel time calculations. This last one will be dcsignatcd 
( TA). Thc othcr four wlll be dcsignated TI, TR, TS and TP, corresponding to primary 
1ndustry, resJdcnllai zones, se¡vicc rndustries and p~rks, respeetively. All ofthese matnces 
\\ill havc dimen5ions (u') X (w) and eaeh cell in them wrll thus representa corresponding 
/CHic rn thc land-use m;~trix (X). An entry in cach of the first four matrices represents the 
'ummal;on of ;.¡Jl travcl times from all existing zones occupicd by thc land use reprcsented 
b_:. :t1c matnx. to thc zonc undcr comideralion. In other words, an entry in a given zonc 
m matrix (TI) rcpresents thc total travel time fmm that ZOJie to al! dcvcloped industnal 
ll·n~·s. By dl\iding this cntry by the r.umber ol developcd industnal zoncs, the average 
tr.:\cl time 1, 1, \\hich is uscd 111 cquJtJon (l) above, couid be obtained On the other hand. 
ar. cntry 111 m.rtri.x (TA) rcpresents the lcasr travel tune bctwcen that zone and the zonc­
u:;6er con:,;Jcr;;llon. Whenever a new acl!\'tly is located in a ¡;rven zone, the va!ue of tl1c 
~1¡¡ry CMrespondrng to that zone m the (TA) matrix is set to zero, and a shortc5t route 
1iE:::rithrn is u~cd to computt> minmJUrn travcl times betwecn tiw.t zone and evcry othcr 
~ont: 1r1 thc matrn [11]. Thc travcltimes are determined in proportion to distanec and in 
m crsc pro por! ron to the spccds givcn rn thc two road spced m:Hnces 

Thus, \\ hene\ er a new actrvrty is te be a "signcd a geog:-aphic locatron, thc model fir~t 
earchcs for suc:1 a locatron, by com1denng c;;.ch availabie, or undevelopcd, zone in the 
X) matrix. For cach such zonc the total travel time is found, by addrng the correspond111g 
ntrics in thc ma:rices which are relevant for thc activi¡y in question, after mu)t;plying 
3 
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b 11 .:1te ntllnb··r oftrl'JS. lf, for e>:ample, il is desircd to loca te a re~idc them y t te apprcpr... - r . b 
zone, tl'.cn th~ total tr"vei trme (llu) for each :~vailablc wnc rs glven y 

rt R = 11 ¡:¡ 1m + n llS 1 RS + 11 ILP f IIJ• 

d .,_,.. v~1 e number of trips !Jttv.-r.en pairs of land u~cs obtaine< where ·¡ n san n 'l"' .... ,_ " · •• d 
. 'IU• R 1 • d·d' Slty factors to the apprcpn:ue en!rics in m:!trtx ". an t l!I• Jpplyrng the sea e an er. - · 'd · ti e TI 

· · drng to thc locati;m und~·r cons1 er.rtron 1n 1 , .. nd t. ·tre the entnes corres pon 1 d 
" RP, . d' 'ded by •he number ofzones developcd for indu<,tna 'srr,;ce ~n 1 
and TP m:~~;~:~· .. ';he zone. having !he minimum v::-Jue of ~otal trav<.:l time ttll Jdcn~ 
u~esl, r:~fon to ¿ ••sed for the residential activ.ity bcing consrdercd for locatJon. Onc~ 
~-e ~~e, 1 'T-"'e"n ~cte.rr.'·J:,cd rt rs located on the TA m~tri'x, the shortcst paths lo JI uJCa IOO"fu' u~ u

1 
'·" ' • • j (TI) · 

. ~ ~ t'fi,.,¿ calculateri and cutered m thc matn.\. The tot.t · rn. ·!11 other z-.nes ar~ wen 1 - , 1 d t TR"' -- T 
, - -to 'h: matrix ofrcsidcnual traveltimes, andan upé .!te ma ;rx -- . 
IS lh_cn ~dded-' '·~ h w¡'ll b"' u<ed in calcu!ating thf' minunum !ravcl lime lor.:tron ol TA rs ootame:1, w_,;c ·' ~ -

nextl activit~.- v ar 1\..e n'odel must allocatc growth rn each ofthe foUí l:lnd-use catcg_o 
n any g1"c:n e , " ' · · · , TI fi et t · • 

-- . 't' to "vailable zones is done SellUentJ::lly. l~ .IL ac I\It The allocaiiOn o! actJvr res " - 1 h h · ti b ·si- act· 
b allocated is that of primary industnes, srnce it is assumed l .tt _t IS JS lC .... ~ •.,; 

e 1 v . t 0 •10rtunrti"s and attract :10 rncrease m po¡.J'" 
that will c.reate_ new cmp.o_ r:•en ~Pt. 'h" d~~'and for service rnclustrrcs and rt:creatl• 
whiclJ in ti.lrn Vdil generat~ :1~ I"OCfC~o.C ~~~: ~-• d .. ec•dtn~j::Jl ZOOé'S, "Cf\lCC Jnd!J;:¡-¡L'' 
l~rcrhues. OrJce pnmary mct.,tne~ ar_ toc .... e. r- - ___ , ···--D"' ~·"~~,-

_, 'T"J-, ] - ,..... ~ 'i'""l ~,.....,.,_,.._IC"" c.:_-: ~:" :_ -! .... !1\ "-'h ... -- ~.J .. 

J~:_.~~~-~~~~~~·~~~~~n-:_~~~~:-!~~é~J{·~-~~-~~~~:-,~·-·.- .. - e ••• •• ~·--•,. 
_ ~cw:r- -- - -. . ~·, ~,,.., ln r,,,., ... ',,]<.: •-· t.:. ·-.1. F . ~ 5 ··h:Jw tre cofT1 p••ter 0crput tor .1 ~.1111 ,_ '<.: • •••• - • ·::--· ~ - • d 
,· :~ure~ .J~h~is include~ tÍlc Roac Speed ~!atrice~ ~nd :he matn'<. ~X) \~l:;c:1 Ir.~lu ~ 

P• m te o u}- . . 1 d • Figures 4 and 5 show the pnntout descnbmg th_ 5p.1 numbcr OI eJ.rstmg an uses. d 1984 
¡:~ttcrns of growth over the 5 yr period brtween l97Y ¡~:: . 

SUMMARY ANO CONCUlSJON 

TI computer simulation model presentcd hercin i~. an attempt lo prescnt a tcc~~m 
. le te·ntial u~efulness in s;mulatmg thc sp:!!ral a~pects of urban an' rt_,I( 

whrch has po ~ . f ·on's futurc popuhtion and cmploymcnt, 
growth. Upon making p~OJCCltons o. a .redg' ·t . . tl·n 1odel. procl·cds to ~<;t•mate 1: 

. f b C and Sef\'ICC In U:> fll:S, ''· 11 

the two eategones o asr . 1 . h are rcnuJrl·d tu accommoJ.:te the p d . f '1 general land use categones, w 1JC • -, . 
deman s m o, r . . . lh b·l~r~ of SOJ'lC s<:t of crrten:t pcr:.m, d th It then allontes thcse i•CtJVJtrcs 011 e • ~ . 
jecle grow . - • b .· " .. ble to othcr exi~ttn" activJtrcs ;n the rcg; 
to t_hl: desirabll;ty ol_ actJVJtJe~ to e ~¡-._l~S'il , t~> lt .by thc qu:~rty of t!Je tr.tn~porl:.rt 

. 1 1 t. J- deterrrmed lo a .trge LX ~~ • • 
The spaua oc;¡ wn s ' , b h d d 'tsJ 'rlfllrer·c. on the cmer!.!lll!! l:lnd· ·. bl ·~ 1 c·m e e ange an 1 ' " - ~ 
system. a marn van,_. e\\ IIC 1 • . . ! ·¡s llnd nluc f0r C\:lmp!c. h:m: ct r t othcrthtntranspurlallon,~UCl, ' ' ' 
p:!ttcrn t!.:~te ,-ac ors · . · 

1
: ·s ~·;¡~iblc. Othcr rellnCI'll'nts ~ucl . h od '1 but ¡r1c1r mcorpora .on 1 t:. -

bccn burlt .mo t e m. l:, . . . 1 1 •.• t ed =n lo dlffc:t:nt tync.; of cmplllymt 
thc use of dJ!Terent re~Jdcnu.:l den.srtles \~ 11:,' agr~.- l and lile HKorpor;~ion of :~ny fo:n: 
lhc use of peak hour transportallon ll1ll.:re Jan ~.:s, 

. t odcl are also fc:r~lblc. 
1 tnp-drstn,uuon m d d. nd c::tltl,··rtl'd for a crven rnctrooo_, l'l~e nr0dcl h:t~ the capab!luy ofbcrng_e\dten e 'l;' J11t~~rn·~· 111 a rc.:~l~n. ur,¡<,·r L:,!kr 

d l us~d for orcd1ctm•• C\Dedc gro\\ 1 • ~ 
1 1 

1 
area an t 1US " ' -" • _, ( ·n<; lt ·liso prc'lt:nl'> an appr.•.·c; -. .. ' :' . d rt'ltton ¡'olrcv consrucra IU ' c~conom1c :.m transpo · > • • • l 

11011 
cconon11c !.!-('" l

1
• 

, 1 • oj"7Jf'PthC•"lC~aCtJ0'1bCtWet:lltf,tn~por.l ' ' pcdJgO!;.IC V:! u e roran .. .'- '" ··• 
land-r.:se. 
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JC• 1. U99H-~1 
IT• 

=~1QOOQ!-)1 .... ::l .. üO!l~t)t? .. 'l') 

-- ..... , .... .,,, 
.. ', , .... : ~ , . , , 
) , , , • " , .. j • 2 , 1 ~ ' , l 
'\1JlJJ~ 1 1111111]1 
111111'1)~,,,,,,, 

111111 1 1113113111 
, , , , 21 111,, ~:t.,),,, 
,22111,111,¿1111 
, 1 1 , ... , , 1 )3,, 12~ 1, 
, , , ', 1 1,, 1 1.,, 212 2 
11111~2111~)'\\211 
, 1J JJ,,,,::!,,,,, 1, , ) 1 1,,,, 1,,,, ~, 21 
)1111:11112111111 , 11,,,,,,,,,, 11,2 
1111211111 1 1 11111 
11111111111111111 

·~· H?90 
DS• 2.SJSO:'I~•'ll 
'tP• J.On"'C'I"lt•OO 
SI PI• 1. 999991-' 1 

DP• 6.1:,Ho)) 
2' SCL• •.:lO'l~'I•)O 

'1:;-r • ••• 91~,, .. ,, 
i'!:'l• 

. , , , ... , .... -.. 
.. , , , . , , , , 2,,,,,,., 
, , , , , , , , , 12,,,,, 1 1 , , 3,,,,,,,, 21,1, 3, 
1111)111)112111)11 
1,113,1, 1, 3~,, 3, 1, 12, _1,,,,,,, 2, 3,,, 1 

11231 lllll 1121 llll 
1113~1 1 llll 1123111 
11131:111•~,,2~211 

111)121 11112112111 
~11)12211121131211 
11 JI 11211121111211 
11111121112111 !121 
11, 1211,11,211 3121 
1111121,112113112 
11112111111211]111 

5: 

G• 2. •999n-n 
T• , 97Q 
PI PI• qo99QQOZ:-')2 
SIST• 1, 9999H-0 1 

-·--------
' 1 p 1 
1 P P P r 1 
1 PPFPPR ~ 1 
1 S PPSSie P P 1 
1 ~SFPP~~R~ 1 
IP ~ PRRJir~ B 
IPPPPIIII RP S 
IPPPPlllAI~PR 

IPPPPIISPI~~PS~t~l 

IFUPPPPBRnRSIIR~ 1 
1 A PRRTSS Al 
1 SS R RIP IR 1 
ISS BSR PPP R 1 
1 1 
1 RS BB P 
1 BS P 1 
---&R•·-···SIII--S 

! 

F1g J. Samplc computcr output: Imt.al cond!tlons 

HU: 1979 

TOTIL PJPOLA710P• 1188U2 
Plll!HPI I"OUST~IlL t"PL,TRT,~• 22108 
5rRt:~t IHU5rRT E~ PLOYR rn• 17226 

PESIO!HHL SOUIHS• 77 
PRI ~AS! IPOUSIRTlL SOOARtS• 2, 
SrRYJCE HDOSTRT 
PlH SOOIRrS• 

SOUlRrS• 27 
~7 

--r---------------
R P 1 

P i P a 1 
i'rr., rr 1 

1 srpr:;~:P a P 1 
;:~sre ts!: R" 1 

IP r~ prorqS~PR t 
lrrpri~'lRP 0 PSl' 1 
IPrr~~t~FISPa S 1 
IPPPPIIS'ISFPS~qg¡ 
1PP?Pr~~~FPS1"q 1 
1 ~ ,f~qFFISSS Al 
1 s~r~ Fria!~ 1 
1ss osF Par IIR 1 

1 
Jl5 f. p 1 

1 'i$ p 1 
---~r------SITI--5 

!IIIICtlffS!'• 
lfi'C 0 •AS•• 
l PCr!:A~I a 

lJICr!kST• 
I qCP!AS!'• 
I'ICJI!A.Sf• 
JIICP!\STa 

1m pie computer out pul: 1979 píOJ<'CtiOn~, 

I'Ú" 
2119R 
,,~ 

)(·5 
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HIR: 

TOTU PJPUU~IO~• 13•4 os 
rBI KlRY Iwrusr• BL !•rLJT"tNT• 25) 25 
StBV!CE lNOUSIRT [I'PL,Y"'i[:-f!a 19~99 

BES 1 D~NT H L SOtJlPE~~ 

PQli'I.AFIY 1,., p!J<j !1:!:: 'l. r:Jrn:!:S;; 
SJ::tlVICI: l!l[rU~!fY 501' 1 ~!::; '11: 

riH S;)UAr,;-s= 

eq 
~) 

ll 
J'J 

--P-----------
1 F r 1 
1 F fp r. 1 
1 R rop~pp E l 
1 ~qpps~IBSP P 1 
1 RSPr~~:~P P 1 
1PPPT•rcflcRrSSPP 1 
IPPPflii:qFFPSP 1 
Jppon:riu~~q~p~ 1 
IPPPPli~c:sa~~FR~I 
IPRPPre.,rvhso~rP 1 
1 ~PRrF~rr¡ssscna 

1 ~~!qRcrp!rl:~p 1 
1SS 0 ~fSPS 0 ~P llr 
1 SS P 1 
1 ns ep P I 
1 q~ 1 
---qr------<::r--5 

lJICtqtA!;ec:~ 

I~CR!lC:.Ea 

l"~f"R!'•S•a 

l ,r~: r' ~-
1 "'.;¡ ~ ' ~· 
1 '.. :' P!: A .. 
!\Cfl\ ~· 

Fig. 5. Sample computer output: 1984 projcctions. 
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fHE COMI'UTER SYSTEt-.1 

Thc program W.JS wmkn m thc PL/1 IJnguagc. Th1s bngu.1:;c 11.as cho>cn fur 1b t·ihclcnt cl¡,,r,,c,_ 
reorc>cntatiOn. The colllpuccr t1mc u,cd by che moJel ''• or lJU• ,e, h1gh'y dependen! on thc :npu! d.11 

'CUI.irl)' 1mportant IS thc malll\ 'IIC (11') 1 (w) or bci\\Cln 15 '''"'~U\\..!> ChO>f -much of thc ll' 
( Wllh che model A ll)JifiX Si/C lll thiS ranne a!IUI'o> a lc.J>O:' bk IH1111~r ( :111011> \\hdc ll'oll 

I1Hk COt1lpu!er ft.Jlt: The nrogr;!•n w.~~ L0'1lfllk~i un the PL/l opt'D11;!11~~ l.(,q~pd~r ~fld (,toí~..~<1 u;, d1\' 
• l • ! , l_ ~ ~' , ' C' , ' \ , , ..._ • , ' !'o 1 :) :-,! ~ j1 r ¡, t ] ._, , '/ • 1 ' 1 ( l' 1 1 l 1 \ ._ f ll1ll L 



A Cfllllj'lllc~ \onll!i.llllli1 of ur~an _.:row!h . -
¡1•¡ 

it1.: -~,,ucl .:on,l. 1 a m:-:•n pr0; .. 1m ;;nd four 'UbiOutmcs, DATA, RNE\V, TWO .¡,,J J-,\'\., 

1 • ;1 ,,; .' 1c<c 5ubrout1ncs pcrforms a l.cy role !11 the m0dcl anda d¡:;cusslon of thc funclloll of CJCII 1' r·\Co~ ](t:, J. S. DAJANJ and M. W. REJNIIARDT 

/1-fT t Thc funct1on of tlu~ <;ubrout1nt: JS to rcad and pnnl thc Input data, mchH.l.n¡; t11c Ro •• d ~r-:,J wdl be com1dcred by the computcr and are entcrcd ilS /,S, R and P rcspcctively. The proc~:Jure for ente1 
\! .a 1v;< /\.~ r and RS1- Thc Tnp G-:ncrat10n Vanablcs are also cJicu!.Jtcd m th1s subrou!lnc DATA '' rhe~c land uses i~ as follows: 
ui .:.l .ol thc bc¡;mnm¡; of thc program 1nd :Jt ¡¡ny p01r>t where a d.1ta change IS ~tllcd for. (21) Numbcr of Predetermind L;md Use Elcmcnls entcred !O if none} 

1-\\ 1 "11' Th1s wbroutme c>1.1bli~hc~ thc Travcl T1me Malnccs 71, TR, TS, and TP from thc prcscnt 122) roQrdma•c~ of .:ra,d ch:~r:~cr·~r cod'! f~r ear'l ~k~1C'1! 

I-{,,_1J :-,í'.cd Matncc~ ;:¡nd prC\oou~ly locJted land uses. Tlus subroLJtmc IS callcd m lwo snualion~: The Road Speed Matrices (RSx and RS¡-} are entcrcd nc~t. All locations on thc~t' mJtncc> ar< · ··t 1: 
1. K'\. rw ~~ cJllcd aflcr DATA al thc brgmnmg of the program. Jt ~carche~ the matrix X. lf mit1al g1ven a value of J but any or all can be changcd herc lo .wy \\holc numbcr betwccn O and 9 mclu~Jve 

: 1 .. d u~es (!, R, S, and /')are ass1gncü m tf-oe tnptll data, RNEW v.llllind lhcm and upd.1te lhc Travcl 
Tw~,· :"1-l:!tru.cs to mclude lhcm. Hori:onral roads 

~ lí ;¡ ch:1n~c 1s rnadc 10 thc Road Spccd f\1atnccs at sorne po1nt dunnb thc cxecutJon of thc progran1, _ (23) For each set of roads of a given spced enter: 
1!: Travcl T1me Matrices are ~ct to zcro and RNEW JS callcd The subroutmc wdl recalculare the 
l• .1\cl Tune Matnccs for all e:mtmg l:lnd uses and thc ncw Ro.1d Speed Matnccs. (1) Number of roads (locatlons .on Road Spced !..!a tri:>.). 

(u) Road specd. 
(111) Coordmatcs of each road on RS.r 

(24) En ter O at the cnd of horizontal road spced assrgnments 

¡,,o Once a land use clcmcnl is locatcd lhc shorlLSl travcl t1me from that localion to all othcr po.nts 
,, 11 .\ 1, 1 .r~c,cr.tcd as thc matm; TA Th1s matnx is computcd through succcssJve callmgs of thc ~ubrout.nc 
T\\ 1) '\-.e:-: thc clemcnt 1s loc:~tcd (say at pomt X(L, M)), TA is mil¡aJ¡zed al 1000. TA(L, M) 1s tl";eo 
r.-- cr. :'·. , _;uc 0f O. The subroutlne TWO computes a ncw pomt on TA e~ eh 11me JIIS cailcd. Jt d0es th1s 
~ 1 ,h~,. -!:: cJ~h free pomt m TA thatts ~ ilhm 1 lmk (a long the X and Yax1s) of an a1rcady as~:gncd poinl Vertical roaás 
~ .J l,,,. ;-C:,ng rh:: tr:J1cl t1mc from the corre:si'onding pomt on X to X(L, M) Aftcr all free pomts are (25) For each sct of roads of a given specd cnter: 
<.h , ~c,l .:o tlm ·.~av the travel t1me:s are compared and thc lo~'~> es! is ass1gncd to its corrcspond•ng locat10n on (i) Number of roads (lo.:ations on Road Speed Matnx). 
T 1 T\\ O 1s callcG until all locat10ns on TA are asstgncd a travel time (u) Road spccd. 

¡:,¡ \ n. Th1< subroulme i~ a random number gcncrator and takes on a random valuc bc:wecn O and 99 ·(iil) Coordmates of each road on RS.r. 
R \ '\ [) ,, callcd whcn tt lS necessary to Lhoose bctwccn two or more locattons on X of l:qual mcnl for a (26) En ter O O at the end of vertJCal road specd as~Ign:nen().. 
N''"'" or Jand llse elemcnt Many random numbcr gcncrators havc been writtcn for PL/1 wh1ch wn be used The data entered into the computer may be changed at ar.y ycar durmg the run of the model. 
he:.- (27) lf no data changes are dl"sircd, enter O O. lf dala changes are desired, do the follow¡¡¡¡; for e< 

APPEND!X Il change: . 

·¡¡,,; .rl¡,uts to !he modcl ar~ g¡vcn bclow in !he order m wh1ch they are entered in thc d;..ta deck: 

O. o.~J: f.•··tor:, 
( 1) \l;,tn¡¡; S¡ze-(w)-estab1Jshcs thc c11y matrix X as being of stzc (w x w). 
(~) iniiial Pnm;:¡ry lndustnal Employmeni-(PIE0}--# pcrsons cmploycd by Prim¡¡ry lnduslncs at thc 

q,1rt 0f the modcl 
tJ¡ (rrO\IIh Ratc--(G)--thc growth rate (%) of thc Pnmary Industries in thc city (cxpressed as a 

dccnn.ll) 
(4) '-.en 1ce Constant-(K,}--pcrccntage of populatlon cmployed by Service Industnes (exprcssed as 

;. drcrmal). 
(51 Hc,IdcntiJI Dcnstty-(DR)-avcrage res1dcntr;:¡J dcnsity in thc city (persons/squarc mlle). 
16) l'run;:¡ry lndustnal Dcns¡ty--(D1)-:-.vcrage primary industrial dcnstty (cmployccs/square mile) 

• 1 i 1 \:n1cc lnduqry Dcns1ty-(D, )-¡¡vcragc scrvtcc mdustry densrty (employccs/squarc mi le). 
1 i-- l y,·Jr at the Start of tnc Modcl-( Y). 
('11 '\.umhcr of Years for tnc ProJCCiion-(NY). 

11(1¡ '-,,:tk-(SC"L)---sc.11c of the matnx X 111 squ;:¡res (matnx locations) pcr squarc mde. 
i 1 1) !' .• rk Constant-(K0)-populatron/square mrlc of parks needcd. 
( 1 ~~ l ,,ple>)lll\:111 factor-([.)-total popul;;tJOn/tot¡¡J number of workers. 
tUl l','ILlLi-(PER)-numhcr of years b.:twccn pnntouts. (This value docs not affcc: thc funct10nmg 

,,;· loiC nodcl but control\ the pnmout only) 

, , ¡' ·'' · '·''· >n r nnablcr (one \~ay tr1p,!pcrson (or cmploycc)/day) 
1 1-l¡ :';;<n,or~ lndustr) to Pnmary !JH:!:.¡qry-(11) 
rl ~ 1 1\c ,IJ~ncc to Res¡d~nce-(RR). 

!f.) Hc,;.lcncc to Scn•1cc L1dusrry-(RS). 
t: ~ 1 H c,¡Jcncc to Parl-..s-(1\P) 
e ;~1 '-.c01cc lnJustry to Pnmar) lndu,try-(S/J. 
• .·:¡ \a,.~e lnLlust•y te Scr.1cc lndu;try-(SS) 
.~.~, \\'1-'f>- Tnps-(WT). 

/· f: ·r tncsc values, prcdctcrmmed bnd uses on thc m;:¡tnx X are cntcrcd. Thcsc m a} be "dcad spots' 
'" '·e '"' . .trro; wh1ch uc cntcrcd as" char.rctcr not u sed by the rncdcl but of s¡gnrf¡cance to thc programmc: 
·¡t ·, r.• / also be cxtstJng locarions of Pnmary Industrrcs, Scrv1cc Industnes, Residcncc, aríd Parks Thcse 

(¡) En ter year of change. 
(11) Enter 1 1f road ~hanges are to be made; 

O if no ro:1d changes are to be made. 
(111) Entcr changcd d,tta set in the oróer abovc. EnterO O after the last changed data set 
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Ab,tract-Scrvice nctworks of varrous typc~ have as a common denom.nator a data structure 
v.luch Jc,c; .bes thcrr gcomctry and topology. To thrs data structurc can be attachcd rnforma­
tJo;¡ rcrta111mg to non-spat1al attnbutes of thc nctwork:. lf thc data rs computcrr,cd rt bccomes 
attr:~ctJI e to conccr\'e a systcm wh1ch intcractJvcly mon1tors changes rn thc nctwork. Th1s papcr 
dc,cnbc~ thc structurc of a servrcc nctwork tnformat10n proces~rng (SNIP) system emphasrsmg 
thc hardware configuratron neccssary, the software support and thc organJsatJon of the data 
fries. 

INTRODUCTJON 

THE INCREASI~c.; use of analytical and smwlation techniques in the study o~ s~rvice networks 
is bound to mvolve addcd use of the computer. Most of these matbematical exercises 
dcmand mform:1tion about the networhs and once this is computerised m a systcmatic 
manner Jt opcns a whole ncw ficld of appltcatJOns. One of thcse is monitonng. 

Monttonng implics the continuous cxamination and asscssmcnt of two types of cvcnt. 
Ftrstiy, ch,1ngcs occurriñg in rcality \\Íthin thc systcm ovcr which an Authority has responsl­
bllrty and sccondly the impact of posstble dcctsiOns on the system performance. Under the 
first hcadrng thcrc is an cvidcnt nccd for an up-to-date record of tbc existing system and 
mcans of tntcrro¡;ating and updating this record. For an underground serVJce network this 
imphcs a data base contaming topological and geometrical information about the network 
locatcd m a thrcc dtmensJOnal space. 

Thc mJintcnancc of such an up-to-date data base is only possible given an efficient and 
accurate updating system. In order to mcet the~e specifications it can be argued that sorne 
form of tntcractive communication with the data base is sought. Furthermore, the spatial 
rcl:llJOnshtps 1ntrinstc to the network suggest a graphtcal capability when retrieving and 
modtfyrng uscr dcfincd parts of the network. 

In thrs p.1pcr a computcr systcm, SNIP (Service Nctwork Information Processing), is 
dcscribcd wh1ch allows for the intcractive retrieval, manipulation and modification of 

• !>L:f\ 1ce networhs. By allowing for the maintenance of an up-to-date data base it satisfics the 
first of thc cnunctatcd rcguircmcnts of a monitoring system. Through the creation and 
marntcn.1ncc ofdata in IogJcally and consistently structured files It ensures an easy transition 
to tiH.: sccond, prognosttc and diagnostic, role of a monitoring proccss. Design applications 
such as plpe-stLing, flow routing and congcstion Iocating become far more tangible exercises 
v.hen uscd in conJunction with up-to-date data bases. The establi~hment of multi-service 
data bases \\ould pcrm1t thc immed1ate identtficatwn ofconfiicts when ncw scrvJCes are laid. 

Thc systcm is tntcndcd to be uscd for any type of network. Typtcal apphcat1ons for 
undcrground scrviccs would be water supply, scv.eragc pipes, clcctncal cables, tclephr , 
cables, drstnct h, 'g systcms and gas ma1ns. For purely descnptive purposes a sewe1 
network IS choscr •..• this arolicatron. Thc systcm calls for comnutcriscd files descnhi:-Jg t!-!.: 
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network topology and geornetry, attributes assoc1ated with the Iinhs and Ordnanc 
drg1tal map overlays. 

At thc outsct it is useful to explain briefly the hardware environ:ncnt m which t 
system opei-ates Thc operator works from a storagc tube connccted to a co111 
might be a multi-access systcm ora dedicated mini). In the examrlc bl'ing d>.';;cr 
storage tube is a Tcktronix 4010 with a hnkcd hard copy unit. The u~cr rs Jblc toce 
cate wtth the program in the computer us1ng both the keyboard and the cursor 
controlled manually by two thumb screws (onc for vertical a!tgnmcnt, the othcr for 
tal alignment). The phys1cal lmk to thc computer is achievcd using a n•odcm and 
Officc Datel service. The abtlity·w rccr:ivc 1200 baud is madc po~~rb!c by a :'\1odl 
proccssor actmg as an interface tG thc mam Atlas compuier. Atlas h:.ts both r· 
tapes and disc as backmg store. 

The various opcrations that can be performed using the SNIP system are outl11 
Iowed by a more deta1led description of the graphical display uscd and the struct 
the data files. 

THE SNIP SYSTEM IN OPERATION 

The SNIP system operates in a multi-access time sharing cnv1ronment to wl 
attached interactive graphtcal devices (storage tubcs in this examplc). Tbe marn f 
is written in Fortran which calls routincs to generate displays and handlc interactic 
calls file handlers to organise the tr:lnsfcr of data from the threc fiks to the mam r~ 
The program is comptled and dumped on magnetic disc. This thc user loads anu 
Working interactively it is possiblc to intcrrog.tte and modrfy thc n:::twork. 

Ap:1rt from the main progrJm which controls thc rnteraetivc tJsl-s,therc :1re !he 1111 
subsystems concerned with d1splay and file hanJimg for thc dat.l fllcs. Thtse Jre Jc 
la ter. 

Three dtfferent levels of operation can be dcfined. Opcr:-Jtions un thc wholc nt 
operations on a parttcular link, and the cdJtmg of thc datJ pr:r l.tintng tu a link 
structure is reflccted by a hierarchtc:ll command structure within thc S~ 1 P progr.~r 
user can either be in COMMAND status, LlNK status or EDIT st:1tus. -

Whilst in COMMAND status (see Ftg. 1) the user can mtcract mth the systcm b 
tioning the cursor over any of thc boxes labelled: 

DRAW MAP 
LINK? 
RESTART 
ESCAPE 

If the cursor i~ located on DRA W MAP an overlay may JS addcd to thc scrcr:n; tf! 
on LINK.? the uscr enter~ LlNK. status; rf Iocatcd on RESTART thc ~crt:en is clear 
the network n.:drawn; and if locatcd on ESCAPE the St'SSJun Í!:. t'amr:-J.J!t:d, thc n: 
data base held on magnetic disc updated, :tnd the final d1splay dr:_l,,•:n on a hrgh resc 
flatbed plotter. 

When m LlNK status the uscr has to define a link using thc cursor, and is then; 
opcrate on that lmk hy posrtioning the cursor over any of thc bo\cS l.1bellcd. 

EDIT 
STOP EDIT 
DISPLAY 
REJ\"!OVE 
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A compu1cr ro'¡c 111 mvn1tonr.¡; urban nctwoíks 

11 thc cursoí 1s locatcd on EDlT, th-;: uscr rntcrs EDIT s~atus; if locatcd on STOP EDil 
whcn 1n [OJT status th~ uscr 1s returncd to Lit--: K status; if locaicd on D!SPLA Y, cctaib 
of thc culfcnt linl~ are displa;:cd m onc of thc nght-h:md boxcs; if locatcd on RE\10\'I. 
thc curren! link is dclctcd from thc PC!\\Ork data base. 

Fl&Urcc; 2 and J show thc \anous opcr.ltJons that are pos~iblc \\hl'll 111 C'O;\I;\1,\NC 
statuc;. In F1g. 3 LINK ::.ta!u~ has hccn cntercd .1nd lmk 1-2 sct up as thc currcnt l111k, 
(i.c. thc chta pcrtainin6 to link 1-2 as markcd on the :.creen, is h:1d as a currcnt documcní 
for cd1ting. d1splny, Oi rcmovaJ.) Thc coordmatcs of lhc end nodes of thc link are idcntificd, 
mtcrnctJvciy using thc cursor. The data file which holds the information dc~cribing thc 
currcnt displaycd nctwcrk 1s thcn scarchcd. Thc input coordmatcs are matched (toa gl\ en 
lcvcl of t0lcrancc) with thc coordJnatcs of a hnk 111 the- data file. This link is sct up as th¡ 
curren! hnk. If no match qscurs the systcm rcsponds _with an error mcssagc . 

F1gures 4-6 show thc opcrations possiblc when in LINK st:ltus. When details about 2 

link are displa:yed (a<; in F1g. 4) the lcn¡;th of the iink is calcu~atcd from the cnordinate~ o: 
. thc nodcs, and is d;spl.lycd to scaic togcther with the invert Jcvcls and the diamctcr of thc 
hnk. Thc d:amctcr is obtaiilcd from a component file wh:ch aiso contains furthcr dctails 
Aftcr displaymg thc 1nformation thc ~ystem rcsponds w1th anr:Jíhcr :LINK 1-2, rcmindin¿ 
!he uscr of his currcnt st;.c:Js. 

Whcn EDIT status is entcred the system responds by fill!ng m the first two scchons oi 
'he ncxt 1nforrnation box, with a column o[ data idcntificrs, and the values held for cnrreni 
link: 

INVI 2434 (downstream invert 
leve[ of node) 

JN'/2 2485 (upstrcam invcrt 
lcveJ. of node) 

INST 300357 (instatJation date) 
MAINT 300357 (last maintcnauce 

date) 
FUNCTN 3 (link function) 
CODE 333 (component code) 

The uscr can then point toa particular data itcm using thc cursc-r and type in a cbangcd 
data val u e from thc con:.ole kcyboard aftcr the system rcsponds with an '=' sign. F1gures 
7 and 8 show cxamplcs of cditing. 

It is thcrcforc possiblc, ming thc systcm, to display information about selected parts of 
a nctwork (thc uscr sclccts a particular arca when cnteri¡;g thc SNIP program), spatially 
rcfcrcncc thc J1Cl\\Ofk dwgram (b)' OVCr]a)'il~b an Ü.S. digttal rnap Of the seiccted arca), and 
displ:Jy tnf('Jilla!Jon ahout sckctcd llnks. As well as display;ab informatio:t the system alsc 
atJO\\S thc u_scr to updatc thc data base by: 

(;l) edtitng data hcld aboul 1 lmk (F;g. 9) 
(b) rcmoving a link (F1g, IQ) 
(e) adJmg a lini< (Fig. 11) 

AddJtJOn of a ltnk 1s accomplishcd t1y dcfault if only one of the two coordinate pa;H 
19• entcrcd v1a thc cursor ::nn be Jdcntlfic::lm thc data base. A new hnk is sct up with al! dat:J 

valucs set to zcm. Subscquent cd,t1ng thcn entcrs the rclcvant data. 
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F1g. 5. Nctv.ork w¡th lmk removed. 
F1g 6. Ncw lmk dcfincd 

DISPLAY 

199 

Thc ''h<:l~ ')'Stcm 1s bascd upon VIsual reprcsentation of data and the ability to int~rro­
gatc thc rc\ult1ng p1cture 111tcractlvcly. Th1s rcqUircs suitable software fdcihtJcs. Thc 
S\.)ftwan.: adoptcd hcre 1s G LJ\0-F (although thc availabiiity of GINO-F IS not a pre­
rcqutsitc ofthc SNIP systcm) \\hich 1s a Fortran dcnvat10n ofGIJ\'0 tGraphical Input and 
Output) as dcstgncd and implemcnted by the Univcrs1ty of Cambridge Computer Aided 
Dc~1gn Group [1 ]. Thc G 1 NO-F systcm takcs thc form of a library of Fortran subroutincs 
cnJbling thc user to gcncratc displJys A fcaturc of thc system JS its transportJr·:ltty 
bctwccn mJtnframc computcrs (alrc::Jdy o.t<.int on ICL 1900 senes, II3M ?J!)/70. un1vac 
1 10' -DC6600, PDPI l, PRli'viE, NOVA) and wdcpcndcncc of any par, .r graphtcal 
dC\,_ .o \\hich thc d.splay is destincd. An imtialtsatior. routine is provided loí cach devJce 
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F1g. 9. Editmg data: 
(a) dctails of link d1splayed, 
(b) changcs to link mfom1atmn. 
(e) display of edited information. 

uscr-deíincd 0h¡cct thus crentcd cnn then be calíed :J.S m¡~ny times as reouired. Pictu 
s,egmen!s can be_ gcnera!ed in two or !luce dimcnsio:1s the latter being di;playcd as tw 
<.1mcn~l0nal pro_¡cctlom. ·Wmdowm.; or clipping routmes cxist for both two dimcnsio1 
a~d t~rce, cna~llm~ thc_ suppression of picturc parts falling outside a specified rcgion th1 
al1owmg for sc.ectlve v1ewm¡; of parls of a Iarge picture. 
l) , .. "10 

~:g~ ~ 1 O Cr~.., rrcp .O EcJ•t-~Co,...,nond? O Dtow rnor O fcJ•' 
l"" ~ jDL•nk? OS!o"'"'' DLook? OS!opfd• 

Frg 7. Chang~s to link inforrnation. L•nk 

1 

~------,~~.~.~.!',',~.'~d';o.' g~d;..,··o~:.~r:_.:;~-3\-, -~ 8~:~~~: 8~~·:."~ 
Fig. 8. Informat10n aódcd about newly dcf1ned hnk. 1 

, •. " ·"'' , 
<lCL74 GOO 1 1 

and this alonc requires modification to redirect the display te an al:~:rn.tt1ve clevice. This ca''""" '""'''"" 1' 
is mnde possible hy a series of post-proccssors, one for each devic..: 1) pe,,., lw:h are norm:.Jily 
provided by an intcrested party. Ncw devices c:m be spc~:ddy Hlcorporatcd into thc pad.age 
and used. Ap:ut frorn tramportability :1nd dcv1cc indcpcndcncc, a ~·r:tphic~ l:!n¡:u t~c rnust 
be ablc to crcatc ptcturc<:. 

J¡;¡ thc GINO-F systcrn, the unit in ter ms of which picturc> are ;c:neratcd is thc p1c1ure 
>cgment-thc sm.tllest unit that may be indcpendcntly dtsplaye.l or plotted Ptcturc j l 
;czments lllt geuct~kd scqucntia!ly by thc usa, who controls !he ~:?e anú contt"nt of thc ~ L , \IL __ 
;cgment. Any numbcr of s~:gmcnts can b.: VIC\\Cd !Ogcther. A ptrtnc \,'~mc'lt con<>Ís!s of ,.;--,. -----

(el 

1 scquencc of picturc par!s, each added by a cal! to a GJNO-r rout•nc f(oU!ln~·, ar1' 
f1g. lO. Rcnio\'ir.g lmk 

lvatbble for a group of built-in picturc parts \\htch incluJ~: polilh. ltn.:·,, charactcrs and (¡¡) Jmk d•splaycd prror 10 rcmov:ll, 
:tr-:ular ares. This ís supplcmcntcd by a faciltty to crcate user dLfincd picture parl>; the (b) nctwork w1th link removed. 
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DOro..., map Q(d•f 
o .... n~r..? C!Stop(a.t 
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O Restart O Oo!>plo y 

fd•l? 
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.•nk 3.; O 010• mop O [Oof 
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Fig. 11. Addmg lmk. 
(a) host link tdentJfied, 
(b) new link dcfined, 
(e) information addcd about newly dtsplaycd lmk, 
(d) informallon about ncw link dt>pl..iy.:d 
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A compulcr role n mo1111onn¡; urban nclworks 

DATA F!LL..; 

A \¡t.tl elcment or thc systcm IS thc data files on \\hich thc program \l()fj.._S_ fhCí( 
thrcc Sllch file~: a dcscnption of the nct\\Ork, an mvcntory of thc componcnts ano 
di_;cltal mapc; Cach ofthesc files is controlled by a file handlcr with wl11ch thc ma1n pro~ 
comrnunicatcs. Thc file handlcrs cont:~in algonthms which incorpora.te a set of rule! 
111:1 n 1pu i.l! 1 n¡; t he dJ t:1 whJist obscn 1ng thc convenlions of thc data structure wh1ch c.\¡m 
thc mutu:-tl rntcrícLltiOnships bctween thc stored data. Thc data structurc compriscs a< 
proccdurc~ ;¡nd ~torage structurc. The former extrae! and mscrt informat10n f10m and 
thc !:ltter. Th..:: stor:~gc structurc dcsign nccds to anticipa te thc patte1 ns of acccss and ir 
tion of tbta \\ 1th a VICW to optimising the access proccdure subjcct to thc constramts oi 
loc;¡l computi ng cm·1ronment. Lct -tJS sce how thcsc principies apply toca eh ofthc data: 

Thc IICili'OrJ... jifr 

Servicc nct\\Orks take thc topolof?Ical form of branching trees (scweragc) or gr2 
(v.atcr). Thc links and nodcs of such nctworks can have localional identificrs attache. 
thcm a;,d \\hcn spa!Ially rcfcrenccd in this way thcy can be mapped ánd manipul; 
sclcctivcly by locat¡on. Thc idcntdication of generic types of spatial data-point, im, 
arca locatcd phcnomena-allows us to spcc¡fy convcntions for cncodmg locationalmfor 
tion wh1ch pcrm1t subsequent cross-refcrcncing. Our example of serv1cc nct\\orks ele. 
calls for hr.c cncodmg as a mcans of rccording thcir locatiOnal pattern. 

To retric\ e both the topology and ~cometry of the network, the !me encoding n 
record nodc posit10ns and conncct¡vity. Thc momtoring function assurnes thc add1t.or 
attributcs to both thc located nodcs and thcir connccting links. There are a numbe 
ahcrnat1vc COil\ cnuom \\ hich achicvc thcsc cnds. For contl.nuous unbranchmg lines t~ 
as cont('Urs 111 a d1gttal tcrram modcl) coordmatc stnngs are attract1ve. Thcsc stnngs 
be cncodcd 111 tlucc ways. Fmtly, cach vcrtcx (change in dircct10n) of the stnng JS ioe< 
by N:~tional Grid coordinatcs. Sccondly, a polar coordinate convention is crnploycd \' 
the string hrohcn down into vcctors of given length and direction. Thtrdly, thc strin 
dcscnbcd m terms of untt lcngth vectors and only thc direction ne¡::d be given (of wL 
ch:un encodtng is a vancty). For hranch1ng hnes such as a network it IS preferablc to ene• 

Transformations can be applied to all or any subsct ofpicture parts makmg up a scgmcnt. each nodc or lmk as a logtcal record. In thc former case each nade is givcn an alphanum1 
Tbcse take the form oftranslation, rotation, scaling, shcaring, reftcctio'l, p.!r.tllrl prOJCCtion idcnttfier, sp:~tialloc:ltion and fixed Icngth list ofattnbutes and this 1s followed by a vanc 
or point projection. This means that the user is able to define lus picturc p.trts to any sea le lcn,t.th list of nodc idcntif]ers to which 11 1s conncctcd', associated w1th a fixed lcngth lisl 
or orientation that is convenicnt and then use transformations to po~Ition the resultmg .:ttnbutcs for cach link.. 

display l\S requircd. Altcrnativcly this file can be mvertcd to gtvc fixcd lcngth logical rccords represen! 
The precedmg properties of GlNO-F are relevant to all grap~ic~ Jc\'lccs but ccrtatn cach link \\Ith nodc idcntd1cr, Iocation:ll rcfercnce and attnbutes of cach end nade gi 

extra facilities cxist to enable the uscr to mteract w1th thc d1spby tu bes The ba~1s of w¡;cthcr w¡th attnbutes for thc lmk. Of thcsc possibilitics, it is argued that thc nature 
intcractton is thc facility'to narne picturc parts. Any picturc r~irt, bUI''.-1n or mn-Jcf;ncd, scn·icc ncl\\ orhs and the mon1tonng Llsk.s cnvi5agcd on them, make the in verted file 
may be givcn a unique numerical namc so that it can be ¡Jcntificd by th,· 11Eht pr:ri or Lurc;or. more sati~fo~ctory choice. Thcy ha\ e the added advantagc of being able to incorpor 
Only named picturc parts are scnsitivl! to thl! light pen or cursor :1nd 1\l.cn ~~hit occurs on a dynamic mformation (flows) rclatmg to the network within the defincd static data cod 
named picture part, the name is availablc to the main program. A ~r::ci:tl progralll, thc des1gn. 
interactive handlcr controls this fccdback. Occurrcnccs of luts on n.lll~:d pt,·turc part~ cm Thc codH:g dcs1gn IS best cxplaincd in terms of our example of thc sewagc netwo 
be registcrcd and storcd by thr; kmdlcr in a !Ist. Thc ilst nJJy titen bt: p.I'>~,-d to tht' u~C'r's Each logical record 111 the file represcnts a link in the network to which is attached ten d 
program whcn required wherc it IS dc:codcd .tnd ~uitablc usci-ddincJ .tC'Ion •.·1--.cn. ~''\\ or itcrns: 
replacemcnt picture scgrncnts may tllcn be scnt lo the display to ..1\1.1·: : urt 1:,T tntcr.\lt'OJL 
Ata moJe fundam,..ntallcvcl the cursor po~illon on thc di~pl.ty tub~ 1~ :tvail •hk for I:ltl"r-
rocallon m the m ~rogram WJthout refcrcnc.:: lo p.cture p:>rt<> Tl11s b1Icf clc5crtption 

~ f h 1 1 ¡' f"'11 1~~f.:~pl:lysysrcm sen'es as a mere summ~uy o t.!? tCilnlli\~· sreciiC.''IO:l 1-: 

(1) l';ation,!l Gnd Easllng, l 
(2) :K:~tional Gnd Northing, of dO\\ nstream node 
~3) 1 nvcrt leve!, 



::0-. 

(4) 
(5) 
(ú) 

(7) 

(8) 

(9) 
( 1 ÜJ 

N.1110nal Grit ... tsting, ) 
K:tJl'nJl Gnd 1"\orthmg, of upstrcam noJc: 
J¡;\l..'i t leve], 
Da te \\ hcn Inü. was installed, 
Date \>hcn l111k. was bst mJintained, 
i"unct1on of Imk (nommal code for fou!·SC\'.;!ge or rUI!·Olf), 
Componen! code of lmL (for cross·refcrcncc w1th compon:.:nt file). 

llllti¡¡ lly. this file is crea ted from the digitisation of maps to which the neccss¡¡ry informa'. 
tion hJ~ hccn appcnded. Thc di&itiser output is coerced into the structure desc•ibed using 
an JlldcpcnJent comrutcr program lo lranslate and rotate ihe dlgitiser coordinatcs into 
~'l!ata-)n:d Grid coord1nates and to unscramble the attribute codes entercd through the digi­
tiscr k.~.:yh0.~rd. Th1s file is thcn kept vp to date by the SNIP systcm bemg dcscribcd. An 
cxamplc of paíl of this file is shown bclow. 

Thc da:a structure outlincd represer.ts the manual form of the file which necds to be 
held on magnetic dasc. The storagc structure involvcs thc padding of these short log¡cal 
r.rcor_ds tog':_t~cz:_!~ g~vclargcr physical rccords (fixcd length blockcd). The c;normity of the 

5er 240 2309 498 /25 2305 1;>(}6~7. ()6017:1 3 o2e1 
49R 725 23(15 467 21!:! 2314 20('652 2!JG652 3 G202 
'6' 2ea 2314 ':>6 179 2327 2!0649 060172 3 0:193 
4 ;16 Po 2327 4¡¡4 155 2:!35 2;:o,;52 150371 3 0204 
((i4 155 2335 3}2 09~ 2365 29()752 290752 3 0205 
3}2 o99 2365 271 069 2389 191953 210372 3 0206 
271 ~60 23hA 217 640 240G ¡5¡!53 151153 3 0297 
2¡7 049 2409 156 122 :!435 291153 910272 3 029~ 
15!1 122 2435 125 166 2460 25)153 010272 3 tl299 
125 168 <~6e oH 246 2484 011253 239472 3 a21e 
07A 246 2484 915 322 251G 1!il253 0}0473 3 9211 
9}5 322 2519 6&6 349 2$60 030154 030154 3 0212 
217 649 24(!9 153 916 2429 151153 1411 'íll 3 0213 
1~3 1'16 21.26 lll ·I'OO ::!430 291153 910174 3 0214 
Seo 355 2499 443 453 :>465 2eoH9 elP271 3 0316 
4(0 453 2465 394 S9e 2503 30036() 91 037l 3 G317 
49A 225 2305 4:;:9 319 23~!! oJo<~6o 010469 3 0319 
42Cl 319 :!JSO 370 4{1(1 ?401 100460 190673 3 G3U 
4,¡4 ):>!:> ;>3:!7 352 261 2 4':!5 151)769 090~64 3 0329 
35? :;:61 7~25 2fl9 :\42 2456 2Aoil'•e 2(10760 3 (l321 
494 1~5 233~ 442 loo 2385 O'l046:! 09046:! 3 0322 
~4~ lOO ;>3d S 481 o.:.9 2490 ;."19463 010372 3 G323 
4Sl 04~ :?400 5&1l eoo ?.(40 300462 02096'1 3 0324 
31?. e9G 231i S 'Sl ~34 24:=!0 120563 130468 3 032~ 
:151 eH 242e 375 ooa :!451 150563 150563 l 0326 
271 e&9 noo Jaq oao :!4J!(\ leo45> 100453 3 0327 
217 e4C~ 2409 225 en<'~ ].4)0 230553 1!60770 3 OJ29 
lSA 12?. 2435 938 e~c; 250G lfll956 120367 3 0329 
O'!~ eH 2'>'?<1 eeo o l 2 25)0 HI056 191656 3 03H 
l:?!- H~ 2t6e 9n 1:2 3 2509 211156 2lll~6 3 0331 
07P ;>46 2484 S~C' 1?5 2 .. Q(l lfl0]57 Ol C272 3 o 3) 2 
ü7t' ;>,6 204 ) 2l 265 ;!485 390357 300)57 3 0333 
l2:l -~5 24!\5 176 320 :?.4 Q'; 130:!57 l3ll257 :1 C!3H 
l ., (. .!.?O 2,95 i.60 384 :>son 140274 l4l1 214 3 0335 
o¡c: l2:! 2519 0&9 3!1) ;>549 l4027( 140274 3 03H 
0 ¡ 1, '- ~ ~~~ 25l(l e ?e 361 2!>~(; 14027<: 1402'/4 3 0337 
l S 3 €')6 242a 161 i!f)O 242'i )40:!74 l4t\274 :. 03.!6 
t 4 ;1 453 2465 3<l2 41!1 2475 !40274 l402H ;¡ 04H 
4 6 •¡ ;;>(l(l :2314 596 lbll 2306 140274 140:!74 3 C4H 
4t2 !!'!O 2385 36G 039 24?.0 140274 l'ú274 3 64<-l 
4Sl G4Sr ::Hl9 420 G&O :!446 140274 l402"/l,\ 3 (l.(42 

.\ C(Jrnru:cr f(JIC .n r.Y>:Jdorin¡; urban nC'tworks 

;,;e -t,r :> (>¡1unc1cd arca such as a m.::J,um &!-:~J town is potentially probkmatic. Since ;;,; 
mn¡u!01in¡; cxcrcisc is only ablc to \\ork oa a -sm;¡ll arca ata time it is in~.::Ticten! to h;ne 
h:Jn.ilc !he cnt1re file on cach occasJ'Jn. Since mteraction will be on pre\'lously define 
are;¡] dcm .• ms 1! JS e:>-.pcdicnt te d1vide :he dala ~ct in this way. Foí rcasons ofcompa!1bd: 
\\llh thc Ordnance Sunc:,• ~i:¿:;lc.l m:1ps, c.:'"h di·:lsicr: ~·c·:t.;::;n!> that part of tbe nctwo 
t'allin¡; ''itl11n a 1:1250 map :::hect. S,r¡c:. n::-~works me not constra1m·d by the an1fic, 
hound.n¡cs of thc map sheet it is ncccssary to introduce dummy nades (identifled by a mar k 
in the .Js~oci:lted data item 3 or 6) which break lmks crossing the map sheet boundano 
The p.1rt1tioned macro structure is most suitcc to thesc storage needs and allows for • 
mcmbcrs of thc file to havc the samc scqu;!ntlal formal and reference to be madc to ti 
who!c data sct or to any spccific mcmbcr. 

TI-.c file h:mdler controls thc acc.css procedurcs and opcns relcvant file members on t: 
basis of rcquests from the main program. It also has to arrange for thc updating of 11 

data base hdd on magn-:.tic di se, a task madc more dJfficult beca use of the partition:ng of ti 
data sct and the f:1ct th:1t char.gcs to one mcmber may infiuence the contents of anotber. Tt 
uscr is rcspons•ble for archtvir.g the data set onto magnetic tape at regular intcn~.Js. 

Thc comronrnt file 

Tius fiic contains gr::~phicai and engmccrwg cescriptions of the lmks in the form of 
~1m pie look-up table. Thc compone!'lt code attachcd to each link in the network file is eros 
refcrcnccú \\Ílh an cntry in the table. I11 terms ofcomponents thcre is a ont:-to one mappir 
out the mar;1mg of lids on to th-:: ccmponcnt is many-to-one. In the case of cur exa:r:p 
•Jf th::: 'l'''• a ¡ce nd\\ ork thc file rontains the foliowing information for each code: 

J. com;1or.t:nt codc, 
2. nommal J¡;¡mctcr of the pipe, 
3. interna! citametcr of thc pipe, 
4. externa! J1amcter of thc p1pe, 
5. material from ''hich the pipe has bccr. manufactured, 
6. manufacturcr, 
7. ns numbcr, 
8. viscos1ty coefficicnt. 

The fil..:: i-; ordcrcd in componcnt codc sequcnce and l,c!d as fixed length logical recu,,: 
on magnc~ic d1sc. A:; soon as thc program is e:~tcrcd thc file is read into core and sto1cd 1; 
matrix form. Access to any grvcn romponent code is by bina!')' search with average sc:uc; 
time tcnd1ng :0 log2 N for the N component entrics. (This is bettcr than thc N/2 search ti m 
for a llnc.u scarch.) Hash codwg \vo·.Ild oíT:;:r a fastcr look-up íf a suitable hashmg functio: 
could bl gi,cn for thc file and wh1ch remaim; invariant during updatc operations. 

In norm.t! cases thc f.le i<; hcld on disc and rrad into core at run t1me. Conscquently 
thc file hant.ilcr i~ triviaL If, bO\\evcr, it i~ not possif.!e te, i::oU !he look-up tablc in con 
(bccause 1t is too large for thc available free corc spacc) than the pro¿;ram must refcr to lb 
d1sc each t1mc a componcnt descripticn 1s sou¿;ht. This is only fcasible .givcn dircct acccs1 
cntry to the d1sc file. The advantagcs of holdmg tilic; clided information in a scparatc fil1 
r;:¡ther H·.:w a<; nttri:,utes assoctated w1th each link in thc nctwork file is that char.gc~ lo lh', 
componcnt file c;m be m:1dc without rcfercncc or modificai.lon to thc nctwork file. Thes• 
changcs are achicvcd using an intcr~etivc editor which al!ows for the rcmoval of logica. 
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TLLúrJ~, the imertion of new records in their correct scqucnce and thc rcplacemcnt of data 
Jtcms Within any logical record. This phase is outside the main interactive system. 

Tht• map file 

Thc Lkvclopments in thc dig1tisation of largc scale maps at thc Ordnance Survey are 
wdl docq m en tcJ [3,4 ]. Thc topogra phical dctad on the map sheet is recordcd as spa tially 
locatcd lmc scgmcnts with an a55ocwtcd feature codc to ind1catc prcciscly what typc oi 
dc1.111 i.~· rcfcrcnccd. In thc SNI(> 5)'Stem, the digitised data for each 1:1250 map sheet 1:. 
hclJ a\ a mcmber of a part1tioncd data set on magnetic disc m the way descnbcd for thc 
net11 orl-. file. Thc sourcc data 15 as supplicd by the Ordnance Survey and its manipulation 
follows ¡Jeas reportcd clsewhcre [5]. 

/ 
CONCLUSIONS 

Tlm p.tpcr has attcmptcd to dcscnbc a computer systcm for thc momtoring of nctwork 
data wo~ng VJ~ual d1splay tubcs intcrac11vcly. As impl1cd from the dctailcJ cxpl.watwn of 
thc systcm, SNIP IS opcrational but rcqu1rcs to incorporatc any facilities dcsired by poss1ble 
u~crs. A nccc~sary furthcr qualillcation is that 1t has yct to be implcmentcd on altcrn.tllYC 
h;udwarc systcms wllh or Wlthout GI NO-F bcing availablc. 

1 n thc currcnt cxamplc, thc intcractive commands are reccived by the program through 
thc idcntification of namcd picturc parts on the screen. It is also possibk (at times prcfcr­
ahlc) to u:.c thc scrcen only for graphics and have a linked telctype to entcr COMMAND 
Jnformat10n and to pnnt all alphanumeric responses. In this case the cursor 1s stJII uscd for 
1dcnt•fy•ng parts of thc d1splay. A wholc range of sim1lar modi.fications are possiblc g•ven 
an •nd•cat1on of uscr demands. 

Thc file handler has three dutics. f¡rstly, it opens the necessary members of the d..1ta 
1.ct covcnng the arca of town spccdled by the operator m the main program. Sccondly, the 
uscr may spcc1fy sclccted classes of detail in the output map and the file handlcr filters thc 
data to ~atisfy thc given clas5es. In our examplc only thc road outline is drawn bccausc the 
u ser ~·pcclficd feature code 14400 (road/pavcment bordcr) as the only class of detall rcquir.:d. 
Thirdly .. thc file handlcr has to rcconcdc the rcsolution ofthe output map subjcct to precisJOn 
of thc orig111al data set, thc scale of thc output map, and the llmitations of the h..1rdware. 

Fcaturcs on thc d•gital map are held as stnngs of line segments. ln transferring thcse 
lo the scrccn thcrc 15 a sea le changc wh1ch, togethcr with thc raster size of the storagc tu be, 
calls for a spat1al fdtenng of thc data sct 111 ordcr to min1mise the d1splay file crcútcd hcrc 
as a G 1 NO strcam object. A first degrec filter JS applied which 1s conditwned by thc ma1n 
program givmg informatwn ..Ibout thc scalc reduct1on and the constramts of thc lurdwarc. 
S1nce thcrc is no updat111g of th1s data sct, thc file handlcr has no role to play m this respect. 

Acl.nmdr<~~··"w"ts-Thanks are cxprcsscd to thc OrdJ.nancc Survey, who supphed a magneuc tape copy of 
thc di¡;illscd m..1p, and lo thc Dcpartmcnt of lnduslry's Compu1er-A1dcd Des1gn Cenlre, who prov1dcd 
1n-hou~c compuung and rcsources. 
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USO DE PROCEDIMIENTOS DE R.Nv\IFICACION Y DOBLE ACOTAC!ON 
EN L~ SOLUCION Dt:. PROBI_EML' .... S DE LOCALJZACIOl'\l ESP..A.CIAL :¡¡ 

Sirnrnons ha pr·opuesto y discutido un rnétodo orient.ado a reso~'1er d ?r"~. 

blema de 1oca1ización, el c;ual, a pesar de ser engañosamente simple.., puede ser 

irnpráctico.Me he interesado en este problE!ma por razones peda~¡6gicas y dedi-

ceao esfuerzo C0(1Siderable a revisar el rnétodo de Simmons con un r~esult.ado ·-
' 

q•.Jr.- mejora la solución en tiempo o 

También he discutido algunos paralelismos entre los prccedimit:~nto~> -

heL!rÍsticos de 1a planeaciÓq y diseño profesional con el proceso de 11 br·anch a.nd 

bound" -ramificación y doble acotaci.Ón-. Se tocan muy claramente esos élS-

pectos en esta nota y nos enfocamos por entero a algunos aspectos usuales de la - ' 

programación del "branch and bound 11 que se han revelado en este ejerci.doo 

No se trata de atacar el trabajo de Simmons _, pero desde el punto de vi_:: 

ta de resolver problemas prácticos:; un pequeño inc1~emento .en el tarí'año del pr~ 

blema. requiere un tiernpo de computación que excede de las lirnitaciones, corY)O 

se~ n'1uestra claramente en la tabla III. 

El problema propuesto por Sirnmons es el siguiente: Ten.::mos N cuartos 

de diferentes tamar)os, y ur.a rr.atriz de pagos que relaciona costos de tos cuar 

* Br·itton Harris. Profesor de Plan~ación Urbana y Regior.al de 1a 

Universidad de Pennsy1vaniaa 



lización por Í<oopmans y Beckman y la solución fue discutida por Lawler. Las~ 
1 

lución se facilita por el ~echo de que el costo. consiste de dos partes qUe se mu!._ 

Este problema de asignación fue identificado como un problema de loca-

tiplican y cuyos pares de localizaciones y pares de actividades son independien-

tes. 

El problema de Simmons puede ser formulado como un problema de asig 1 

nación cÚbico. En este problema suponemos que el tamaño de los cuartos es es-

pecíf!co para cada actividad. Las 1 ocaciones j, k y 1 no son absolutamente fijas 

pero se refieren al orden en el cual los cuartos son acomodados. 

Así: 

n-2 n k-1 .. 
trnn 

Xgj xhk Xn e wl g, h, i 
gh j=1 ...:_,k=j+2 1= j + 1 

Esta formulación está sujeta a las mismas restrucciones .del pr9blema-

cuadrático precedente. 

No hemos experimentado con la solución al problema en esta forma pero 

si se ha realizado con el procedimiento de "branch and bound". 

Una revisión de los medios recomendablés para solucionar el problema 

de Simmons, sugiere algunos puntos de vista de L_Js propiedades del proceso de 



4 

:.r·anch and bou • . d. 

En esta revisión hemos identificado cuatro pasos prir¡cipales ~aracte-

" ' t'lst~._~os en el diseño de un proceso usual y discutido, las maneras de ias cuales 

Sirnrnons y yo las hemos tr.atado, estos son: 

1 . -- Estab1ecer· una Úti"l descripción del t.rbol de decisio(•(~~ s las cuales 

pe.~mi.ten l.>. enurnerac\Ón de t.odu.s las posibles soluciones y las r~;... 

ladones con otros aspectos del proceso. 

2.- Establecer una cota inicial que permita el recorrer muchas ramas 

del árbo1 en los primeros pasos. Puesto que es un problema de mi 

nimización, esta cota deberá r·eferirse en las discusiones como la 

cota superior. 

3.- Establecer medios para h2cer una estimación parcial de .la función 

objetivo en cualesqu1er punto del árbol. Esta estimación no deberá 

ser más grande .que 1a función objetivo en el Último nodo de la ra 

mificación que se sigue y' deberá ser al menos igual a la· función 

objetivo en cualquier nodo terminal d~1 árbol. Los valores de la 

función objetivo par·a cualquier nodo no terminal se com:,ideran la 

acotación inferior, puesto que ellos representan tal acotación pa 

rala función objetivo de esa rama. Cualquier valor de la func1Ón 

objetivo en un nodo terminal que sea menor que la acotaCión supe_ 

1-'ior anterior, lo convierte en una nueva acotación superior. Cuan 



do todas las cotas inferiores sean más grandes que las cotas 

superiores corrientes, el problema ha terminado o 

4.-•Establecer una estrategia de ramificaciÓn que seleccione el 

nodo que deberá ser explorado y que gobierne la siguiente di 

visión del universo en subconjuntos. 

La representaciÓn de Simmons ,del árbol de decisión está basada en el 

artificio de localizar cuartos alternos en las terminales opuestas del corredor. 

Este artificio facilita el establecimiento de las cotas inferiores en los primeros 

pasos del proceso, puesto que los primeros costos de interacciÓn deberán ser-

explorados sobre las distancias más largas-p-osibles. He adoptado este procedi 
' -

miento como inobjetable y totalmente necesario para desarrollar el algoritmo-

de ramificación y acotación o 

He encontrado que Simmons no ded1cÓ mucha atención al segundo requi 

' sito de la programaciÓn de ramificación y acotación, el tempráno establecimien 

to de una buena cota superior. Este establecimiento afecta la importante estra 

tegia de ramificación como se discute en seguida. Ello acelera el corte del ár-

bol de decisión y reduce el número de pasos de computación necesarios. t=:n un 

sentido más amplio, cuando el procedimiento de ramificaciÓn y doble acotaciÓn 

no puede ser usado de una manera completa, el establecimiento de una cota su-

perior por métodos-heurísticos reemplaza la solución del problema. De esto se 

sigue, que en cualquier caso, la estimación de una solución cerca de la Óptima 

es deseable. 
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Mis primeros esfuerzos par·a establecer una buena cota super•i.or estu 

vieron basados en una extensión relativamente simple de las sugestiones origi 

na les de Simmons., usando cart'lbios de técnica y tratando de ioca1izar uno C· 

·' 

más Cuartos a la vez en lugares superiot~es. Los resultados de esos t.r·abajos-

se mu~stran para ocho problemas típicos, de los cuales cwCJ.tr-o fueren present.-=t 

dos por- Sin&mons?; en 1n Tabla 1~ columna 1, y pueden ser- ccmparados con i.a -­

' 
soluc\Ón Óptima en la columna 3. Cambiando técnicas de varios 9t~ados de •""::OI~ 

plicación se obtienen bases Útiles e interesantes para procedimientos heur{sti-

cos., los cuales., una u otr•a, reemplazan o., como aquí, inician procedimientos 

de optimización. Una base Pistemática para esos métodos f-ue propuesta en artí 

culos por Reiter y Sherman. Ideas similares han sido aplicadas en el problema 

del agente viajero por Lin, y una red de optimización por Scott. Una discusión 

amplia de su aplicación fue presentada por Nugent, Vollman y Ruml con el nú-

mero de referencias usuales; esos métodos pueden ser usados para los probl~ 

mas de dos y tres dimensiones mencionadas arriba. 

Yo no estuve completamente satisfecho con los cambios iniciales en lo~ 

resultados y desarrollé algunos pr·ocedirnientos heurísticos presentados en la se 

gunda columna de la misma tabla, basados en un método sugerido durante una e~ 

municación privada con \'1/illiarn T. Me Cormick Jr. del Insr.tuto de Análisis de 

Defensa.· Este método_usa un número de diferentes puntos inici.:tles, intentando 

construir ur.a buena soluci6n mediante la localización Ópt-ima dC> cada uno de los 

cuartos subsecuentes. 



7 

• 1 

Este método heurístico también falla en encontrar el Óptimo en un nú 

mero de casos. OJando l~s dos métodos son usados a la vez, primero el heurís 

tico 2 y después un estilo mejorado del heurístico 1, el valor Óptimo siempre 

fue local izado en todos los ejemplos que se muestran. 

No ~engo conocimiento de qué desempeño deberá ser esperado de esas 

combinaciones heurísticas en problemas grandes, puesto que el costo de ver~fi 

car el Óptimo para esos problemas deberá ser excesivo. Debo también puntual i 

zar que en su forma corriente esos métodos requieran de cerca de 1 O segundos 

para resolver un problema de 15 cuartos y el tiempo de cómputo se incrementa 

de acuerdo a 5n (esta tasa de incremento puede ser demostrada ta~to en ~ 1 cam 

po teórico como empÍrico). Un problema d~ 60 cuart?s requiere de aproximad~ 

mente tres horas de cómputo. Esto hace que aún estos métodos heurísticos sean 

imprácticos para problemas grandes, aunque espero que se pueden mejorar, sus 

tancialmente no emprendería este trabajo por ahora. 

Un tercer requerimiento en el proceso de ramificar y ac9tar es el méto 

do para generar cotas inferiores, para estimar el desempeño de un sistema par 

cialmente especificado. Conforme avanzamos en varios niveles del árbol de per 

mutaciones y localizamos más o menos facilidades, ciertos costos pueden ser fi. 

jades. Estos son: _primero, el costo de interacción entre cuartos que ya han sido 

localizados y segundo, el costo de interacción entre esos cuartos y aquellos que 
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no han sido aGn localizados, desagregando en todo lo posible el or·den de los ·­

cuartos no local izados. 

Simmons y yo usamos métodos equivalentes para estimar> esos costos. Di 

feri1Y•os > sir. embargo» en c~mo 1a base de la estimación podrá ser hecha con re~ 

pecto a los efectos de ordenar los cuar·tos que aún no han sido 1o-:::alizados. En es 

te aspecto~ he hecho dos cambios al procedimiento de Simmons. 

Simmons presenta una proposición que es de gran imporiancia en este --· 

proceso. La discusión de esta proposición será tratada en otro trabajo. Este le­

n""la prueba que si un número de cuartos está Óptimamente localizado con respecto 

a otro cuarto y bajo las condiciones del problema de Simmons. Esos cuartos pu~ 

den ser ordenados en orden decreciente de la relación de internpción del costo al 

tamaño, c~..>mo nos movemos lejos de un cuarto fijo. En este proceso, Simmons­

marüiene el rastro de este orden para los cuartos no local izados. y del costo de 

interacción, el cual este orden implica con cada uno de los cuartos localizados y 

considerados separadamente, Sin una prueba formal he extendido este lema pa­

ra las interacciones de los cuartos no localizados con el conjunto de los localiz~ 

dos. Para cada. cuarto no localizado, aquellos_,cuartos localizados siempr·e a la 

izquierda están dando un costo de interacción positivo y negativo, par·a los cuar­

tos localizados siempre a la der'echa, el costo _neto total de la inter·acciém se ob­

tiene dividiendo el costo entre el ancho de cada cuarto no localizado, y esos cuar 

tos se localizar •. en orden decreciente de este Índice de izquierda a derc~ha. En-­

tonces es calculado el costo d'::. interacción con los cuartos siempre localizados. 
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Este procedimiento involucra substancial adición de trabajo al sacar los cua_ 

tos en un nuevo orden en cada vez y en calcular los costos de interacción, pero 
• 

creo que la reducciÓn en el número de ramas a ser exploradas es bastante subs-

tancial, lo que hace que la operaciÓn valga la pena. Esta hipÓtesis no ha sido pró 

bada separadamente para todos los otros cambios aquÍ descritos. 

Aquellos cuartos que no han sido localizados en algún punto del proc=. 

so, también tienen costo de interacción con cada uno de los otros. Es posible h~ 

cer una descripción acerca del nivel mÍnimo de esos costos de interacción, sin 

los cuales hemos encontrado el mÍnimo arreglo, la cual podría, por supuesto, -

ser la solución a una pequeña versión de el problema de Simmons. Esta peque-

ña descripciÓn se expresa de diferente manera: Para los cuartos remanentes -

existe un número fijo de pares de interacciones de significancia en el problema. 

Consideremos que esas tienen el conjunto de mÍnimo costo a ser encontrado en 

cualquier lado de la matriz. Al mismo tiempo, esas interacciones toman luga-

res sobre 1, ·2, 3, etc, interviniendo cuartos en cierto número fijo de interac:_ 

cienes. Podemos considerar que cada una de las interacciones de un cuarto es-

tá hecha sobre los cuartos más angostos etc., y así se asegura un conjunto de 

distancias mÍnimas posibles de la inte:racción mayor que el número requerido . 

Si ahora arreglamos las distancias mÍnimas de interacciÓn en sentido opuesto 

al mínimo costo de interacción y formamos el producto interno de los dos recto 

res, tenemos el mínimo estimado para la interacción total. De estas estimaci~ 

nes yo preparé un avance para tres o más cuartos aún no asignados, pero no he 

inten~ado terrr)ir.l<:trlo. Este dispositivo particular es pr-obablemente más impor-
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tante en los casos que Simmons llama "problemc:ts dif(cües", er1 ios cuales· los 

costos de interacción son uniformemente altos y es más difÍcil descubrir el Óptí 

rno. 

El efecto conjunto de mejorar los costos superior·es e ini·eriores 1 es un 

más rápido corte del árbol de decisión. Esto se ilustr·a en la table. II, 1a cual --

muestra el \nún1ero de nudos actualmente explorados por el método de Simrnons 

··1 el mio para un problema particular de 10 nudos. El número de nudús por explo . -
rar se reduce, en gener~al, a un tercio. 

El cuarto requeri~iento, en la construcción del algoritmo de ramifica---· 

ciÓn y acotación, es 1a elección de una estrategia para ramificar. No me concie,C 

ne aquÍ discutir cualquier número de tales estrategias, pero antes de contrastar 

los méritos de los procedimientos,convencionales anteriüres usados por Si ·--

mmons con la programación de "seguir el rastro 11 • Esta, a pesar de su norr1bre 

difer:-ente, puede ser, sin embargo JI un procedimiento· de ramificar y acotar. La 

programaciÓn mediante 11seguir el rastro" no incluye ninguna decisión tocante a 

qué nudos .del árbol de decisión serán explorados, pero examina las cotas en to-

·dos los nudos de una manera sistemática. Este procedimiento tiene, ciertamen-

te, una gran economía en operación. Cualquier procedimiento al terno que haga 

uso de una regla de selección para escoger el nudo siguiente a ser explorado, s~ 

crifica algunas de las ventajas del procedimiento de "seguir la huella",, e incu--

rre) al final en varias desventajas serias, tales como la necesidad de alrnacenar 

los resulr ... ::ldos inlc,r·medios·-observados An un gran número de nuda~ que han sido 



establecidos y evaluados pero aún no explorados. 

La ventaja aparente de seguir una regla de selección, es que esta regla 

alcanzará más rápidamente una buena cota superior:~ encontrando una solución 

que está probablemente muy cerca del Óptimo y mejorarla. En un gran núme­

ro de problemas que parecen heurísticos, los cuales traen consigo una parte del 

Óptimo. Con¡¡o hemos discutido antes e ilustrado en la tabla I, ésto es particu-' 

1armente cierto para el problema de Simmons. Puesto que el objetivo de rami­

ficar y acotar, por mucho que se organice JO es 'explorar todas las ramas implÍci. 

tamente o explÍcitamente, una estrategia para ramificar que reemplace el pro­

cedimiento de seguir la huella, r:o podrá reducir sustancialmente en número de 

ramas por expiorar si una buena solución es:~ enprincipio, recomendable. 

En el caso de un buen diseño del procedimiento de ~egui.t· el rastro, la 

mejor ventaja es que los resultados intermedios siempre consiguen ser usados 

directamente en cada paso del programa al calcular el siguiente. Frecuenteme~ 

te es completan•ente posible almacenar esos resultados intermedios para cada 

nodo a lo largo de la rama que se explora. Para problemas grandes de naturale 

za compleja este almacenamiento es extenso F>ero aún sus~ancialmente menor -

que el requerido para un record incomple~o en una estrategia de ramificación . 

Yo creo que del uso consistente de los resultados intermedios, resulta grande­

mente facilitado nuestro incremento de acelerar las corridas en el problema de 

Simmons. 

Figuras comparativas, en tiempo, de las corridas se dan en la tabla III, 
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"' aqut., 1os primeros seis problcrnas son exactamente aqL<~Hos propuestos por 

Simmons, pero el tiempo mostrado para él está dividido por dos en base a las 

dif'e .... encias entre una 360/65 y una 360/75. 

Unas breves palubras pueden ser- hechos para observar· las apl icaci~ 

nes en la planeación de estas ideas. Obscr~·.,¡é ¡->r.:.blemas de pl3!lectciÓn y diseño; 

y frec-uente~nente encontré problemas muy g·r·ar¡des de optimización en espacios 

disc~·e.:os y con mÚltiples soluciones Óptimas. En tales problemas, un proc~ 

-::limiento completo de ramificación y acotación es prohibitivamcnte dif{cil., pero 

-
algunos de sus conceptos básicos son aplicables. Primero, especificando la fo!:_ 

rna de la influencia del problema en todos los- pasos finales. Segundo, en cual-

quier esfuerzo sostenido de planeación exis_te una cota superior en el mejor di-

seño, inicialmente ésto podr(a ser la situación existente. Tercero, puesto c¡ue 

es n1uy caro explorar un plan al detalle, una buena maner'a r•acional de estable-

cer cotas inf~riores dentl"'o del costo de los planes es muy deseable; los méto--

dos de juicio usuales para hacer esto so:~ probablemente tat•dados. Cuarto y fi-

nalmente, los procedimientos de exploración que son usados en la bC,squeda de 

un bue""· _:¡seño en problemas grandes son.~~ en sí mismos, rna.teria de estudio. -

Para esta clase de problemas, la progre>.rnación de seguir la huelle:;., porque, por 
1 ' 

su naturaleza extensiva es casi inaplicable seguir otro tipo de progr·amación. -

Sin embargo, es completamente posible que Llna combinación de procedimien--

tos heurísticos de exploración y procedimientos de exploración desarrollados pa . '-
ra ramificaciones difÍciles y problemas de acotación sean aplicados. Existe un 

fuerte paralelismo entr·e estrategias de ramificación, estr·dtegias de prograrn~-

ción heurística y protocolos de diseñadores:; las cual e!=> 0cber,'?.n ser exp!or'c.das. 
"""-



TABLA I 

ANALISIS DE METODOS HEURISTICOS/ CRITERIOS DE VALOR 

~? 
( 

No. de D.lartos HeurÍstico # 1 Heurístico # ~ Optimo 

8 433 440 433 

9 1 ;370 1,349 1,349 

10 1,569 1,585 1,569 

11 4,389 4,497 4,389 

12 6,217 6,003 6,001 

13 7,985 8,210 7,985 

14 10,735 10,762 10,735 

15 16,263 15,857 15,~10 



TABLA II 

NODOS EN UN ARBO~- DE PERMUTAClON DE DIEZ NIV~LES --~-- -- -----

Ejemplc 

'.Jivel Sin cortar Simmons Hards 
----- ------

2 45 45 45 

3 360 358 320 

.. 
4 2,520 2,111 777 

5 15,120 4~390 750 

6 7t.i ,600 529 260 

7 302,400 201 32 

8 907,200 13 6 

9 1,814,400 2 2 



TABLA III 

TIEMPOS DE COMPUTACION EMPLEADOS 

No. de Cuartos 

Problemas difÍciles 

8 

9 

Problem&s medios 

9 

10 

1 1 

Problemas grandes 

12 

13 

14 

15 

Tiempo de solución (Segundos) 

Si.mmons 
:- 2 

3.0 

30 

11.8 

32 

!?40 

Harris 

.23 

1.81 

.78 

1.55 

10.20 

47 

169 

679 

6, 400 (es t. ) 
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1 tJ n r e r: 

l. Pescrípclón l,ent~l·;d 

,., . 
'1 <1 '> 1 (' 'j ':> 

1.2 5 i r.J¡) 1 ~~ 

? • r: l 11odc lo Económ i <:tJ 

2.1 '''~tP.rminncion d1· 1~ ir'"- .I'Y 



1.2 Estructura del l 10cit:'ln !ntr i!-lr bano 

2. t'od~ 1 o de Emp lt!O Basl ce 

:t .l rlaslflc:Jclon del Emplí·l) 

2.3 \Sub-!4r)do')l05 de Emple•1 r:.tJslco 

2.1! Restrlccil1n de Densidad. 

3. 1·1odelo de Edificaciones y Activldndcs 

3.1 Estructura General del 11odelo 

3.' Sub-Modelo d~ Edif1cacinnes 

1.3 Sub-/lodelo n..e"!cicncL·d 

3.~ Posibles Re5trlc~Jnn~s. 

1 •• Descripción General 

1.1 StJb-11ode lo de G'3n~rac io•1 

1 • ? Suu-l'cd~ lo dr~ nístr;lbuclón 

1 • 3 Sub-Modelo de t.s 1 c;nac icín 

y f'JivTslón 

1 • /~ Sub-t'.odc 1 o de Co~to General Í7.ado. 

l'orJ;, l 



El coqjunto ti~ 1Ao,l1dos I'Jli'.! ~.u d!!scri!J':n <i contlntJ."jcitln w~ 

un c•:,iucl'l.O p:J1"<:1 utillz;;r ¡,, n.ndclncif¡n f!n la !•'1,-,,,í; ic.~ -

clón lnt<:>~¡rr.J d-· los Siste11115 Urb.•nO'j d0.11tro de Uil c->nl~:>: 

l:lcs que los or:¡-ml•;r,¡oo; nulJ.·rnwr:lf'!ntal.~·; podri:,n cnr,trnLc··. 

(lnfriof!Structur;-;, 5ervic.i·l~, lnv0r:.iüli ''te.). 

Lo:. t'odclos son eh dos tlpn~.: 

b) [1 1-iodr!lO E•nluntivo, que con un cnnjunto dr• c:rlt.'!-

Lo~. t-'iodelos descriptivos e<,tnn esí:ructu.·<Hios a trc'. niv,• 

losó constltuyc11 tres grnnu<~!i modelos. Ello:; son: 

1. /hdelo Rcgion.:JI 

2. l~(ldelo lntr;-:-Urbilno 

3. t\od~lo ele ·rr~nsporte. 

En términos 9e11e'rales el din.Jn1ismo e!(• toJo c~l Slst<'ln~. sr~ 

encU<'ntra en el /iodelo Rc(1ion~d, con.o p11t~clc .:Jpreciar~.c 

en ln Fig. 1. 

A co:Jtillu,,clón pa~<Jrc•Ho~ .~ rt:al iznr tn;,- descripci{lll d(~ 

lo•> rn.:;dclos mencionados, 

En la figura 10, lu cuul ap.Hcce ¡¡l fi11<1 del lnlo¡mc pu~:_ 

de obscrvarc;.c~ la estructur,l glou~l Jcl coniunt·:' ,,~ nJ:Jd!!lo~, 



!J!N.P.UI!';f\ DEL GONJU!rro DE r.;o!iCLo.:.: 

r 1 G. 1 
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1 ~!.IODEL: D;J L __ r H 11 H s P o n T e 



11. 1-IODELO I:'=CIO~iJ\L e; 111PLC 

El l·',odelo Rt:glon.11 S implc; ~~s un llodt•lo ~enci(llo de; 

Car:11:ter oln,ímiCO, FUnO<J:ílC!IIt;Jl!O(!t1ll~ Se CO!lc;id(~l dl1 

conn en el ,..,od:!IO (1) Cont~)lcjn, dos <1Sp .. :cto5 ó ~u:)-
' 

modelo~; Pobl~cl~1 y Empluo. 

La población, .:11 igu.1l C'¡liL' en el modelo complcj0 l". 

un01 func:ión de ~cric~. históric.ls de ll\lcindento5 y 

mu<·rtes reglonalco; y u\! la mi~r.:1ción interre~iOIJ:·I. 

La rnlgrnclón es cr.msidcr¿¡cf¿¡ co:.1n un.l función d~ ln 

dem;:,¡ndi"l de empleo en Cdch~ rc·:ion, 

El en1rL-!O es con!'>lcler¿¡do co.no una funci(•n del nh.·,~l 

de ln inversión re~¡ionLJl en C<ld<l ~.ector cconónliro. 

Est<J inversión cr1 cod.l rcgió11. por ser111r ccon(,~:tl<L,, 

fluye intcrregion.Jlmcntc dr; acuerdo u lil5 int0.rr•.·L1 

clones ccon6mlco-.::~pilcial•Js. provociJdo un d.~sti11.) 

fln<d de lus Inversiones qu(' prc5tan m:Jrcad,".Js dl i <:·· 

rencla~; con J¡¡~ carí'CtP.rístlc.l~ de la Í11v•~rsión ini 

cbl. 

En resumen óos f.1cto<cs son cnns i dcr.rdos: 1.'1s (<1!-.v··-·-------
tc-r i s ti c:.1o; Ecl)nñ:n i c.:_•; dc:..!_~_s-~-:_;~1 R'3 Cl ~,-_~ ~. d.Jdd 

por la distriuución l\egion;¡J <1
·; la inv.:!r::i:1,1 y la 

genr!I"[IClón de c1nplt·o. Y la C.::.!:_.l<tcrí·~.t_!.;;J~.:;~.r::~· 

.!1..0~- do:::termln.:JdJ ror condlC"ion<.!S hisl<'>ric;¡·~ )' L··s 

JOigr~c;onC"s, producid2~ ¡;o:· L:J clr~rnancb de• empll'o 

en cod.:'l reglón. 

(1) ~·lo Cor.ml~jr, rlC' !,1 l.:_~._t_~J~C_tur,1_[_<:~~-l("·r.0J..~--~t_:2:..:_.­

.I?..:.!S~ Re<1ion.-.1. Mnn7..:>nllla Hli~CJ. P;JI.Jcios, L11i:. 

C.:~rlos 1975. 



1 .1 <'.1 crrt~f\ GJ::Or.íll\rl r.o Y V/'.:.1 ,,. 1 ¡-,.. íl/\~·1 C/\'· -------------------- --·- ~~-----

El p<d~ •,e ha J;vir!i(!o t•n 11n conJunto c!t· Z re-

sldcr;ll)do (!Í i'·d~ tlividi<'c, C'J1 trc:. 6 sic•tr• n;­

glon¡:~). C.Hl<l J"(·qlón e~.t{, r~pr(!~.C:IJl,"Jdi'l por su 

centroldc CJCO~J{Jfico y ¡:•,tf, urdt•il <.1 !.1'. otr.>s 

,regi(Jnf.'~· po1· );¡ r·(·d dé! tr.•¡.·;pnrt<' interr.'qi,)-. ' 
néll. Tcnr:mo!:'. (!!JtOnccs lo~. si~;uicntr·s cdc.n.,·n-

tos: 

a) 

b) 

[ 1 nCimcro de t·egioncs 7 

Li1 m,, tri z ' ce dCCP.Sibil i<i;¡J o, 
lo tlpico d ( j 'j) ¡·cprc·•,c.n1.¡ 

c.ie v !ajes entre lél I"C (J Í (J•1 i y --

c<1d.:-. rcgiún }_(E (i,n)) 

cuyo e 1 r·:n ·_.,-

el \('•', t o 

In l· 

En el d~~silrrollo cJr:.l Hodclo ~.~~ h.:m consi-

ncc; e nm:1 se i nd i C.1n en 1 o~ /~ap;,s y 2. 

Ln C:ilí;lct~dsticu conceptu.¡J d·::l 1·\o.ll!lo e::;-

1 a fl:1rr,, (197':). 

Como ~.<· puede <';H-<:>c i ;ir C'll I.J F i ~~. 2 P 1 :, uG·-1 :?. 

deJo de t:r.1pi\''l, IJ.:Js.:Jdo en le,~. flujo~. r:_~ inv(r 

cjf-.'1 j¡,tcr-re~·¡jon<d d::ten,¡f¡¡;-1 t~i c•mplc.J :,el.t<J 

(?) t·.-, ', l'J u¡-1'.'110 !',·'rdc.r.: 1 
--- ----~--·------~---- 1 

.. 
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grfrrlco co.no f;1ctor ciuvL: rn l<r oLr.occ:i6n .. 1 1 ... 

rnl~¡r.:,clonr:<;, A contlnu.v:ión h<Hl•r;¡o~ Ulli"l des·· 

cri¡Jcl6n ro1'J'.; detall<1:la ~it!l /\odclo l',r-~1 ionnl ~-.¡,~! 

pie 

? • [!. t\n'Jl L(l ECOIHlll! CO __ ... _ - .. --· ----·-

El o 1)jct ivo d0. r:!'.tc modt.:IO •"• !'.Ín1ul.1r ;d c-n,~)i,~o ,.: !' 

sect:or económico <!n cé.ld.J r~'~!i:)11, F.1 nnc'clo ~;;tf: ; ... 

sado er. e 1 supu¿!<; to dé que e); 1 s te unn func: i ón 1 i ,,,_,:) 

que rn l uC ion él 1 ¡::¡ i nve r·s lón '/ 1.-1 cmp 1 e o, y un con j ll!.!_ 

to de funciones ~i1nples que rc•luclon.1n el Product'l 

Terrlto¡·ial brutl> con la fr,vcr·~i611, 

For111;1l mcn te, 

E ~: 1 • cf 

donde, 

1 = Inversión 

J - Constante 

E :;:: Empleo N ilC ion.~ ! ' 

2.1 flElCRt·HIJ/\CIOI~ r:E LA ltN!:.(·_· 10:: 
-----"---'--------------

Lu inversión n.Jclon.-.1 S'~ C.:llcul<l con:o urw fur,-

clón del producto tcrr!tc.rlal bruto l'l"i el mi~.r:1o 

pe rt odo cic t 1 v1npo. 

( t + i ) :~ PTl3 ( t -1 1 ) t._ ( t + 1 ) 

Jonde, 

{t+i): ln'-'er~,ión en el pe:ríodo 
t-11 

(, 



PT O ( t -1 1 ) : Pro d:; e: l<J Te r r 1 t o r i ,11 

13nJto ('11 e 1 pe:.rlodo 

t"+l 

<[;(tll): l'roporció,, de produ<:to 

terrlt.)ri;l) bruto d.·~-

tinado .J ¡., invcr:.ió11 

en pcríu,lo t+l 

/.. /. DE TEP.I\ 1 r_!_.~i:_l0~I_llf LO\_[_L.:U Jo e:- J~_fJl'!~: I(_!J_._' __ :~ 

EHPltO í~t'G 1 tJ~If1l. ----·-

En e 1 t'.ode! 1 o Econ6m j C(.) un ·'lSPC:C to ce lmpor 1.<111-

cia e~. la determi,,uc16n de los flujos lnt<:rrc-· 

9!onales e ln~er~cctorlole~. 

Se éJ$U1r.c~ q11c unél invr!rs ión r..:<ll i·~odil, P('l' c·jc:n 

p!o en,.¡ ~.cctor uno (~1) de !.1 ecom),JJÍ."' )' 1,1 

rcg 1 ón c!o!.l (f\2), no pe I'I.JC.Jh!Cv ...:n L:•;e se e l''r y 

e~n rc~¡i6n, s Jno que pót Ji) e:.tructura ck L1~ 

re 1 ac 1 orws in te rre~¡ i (Jfltd r~~, e JI c. í 1 U)'C n ut 1 ;,~, 

rcglonc!; y sectores siendo cst..:! <1t·~,tino f i11.d 

Je )¿-¡ invc:rsión, C'l cdcn:cnto ~J:::nt~rCJdor de ,·¡u-

pico. Fn );, Flg. 3 put~dc obscrv~~~·~c en forrn.-1 

<.Ji<Jgr[,!lt.ltic-a com0 lc1 Inversión en sector u., .. l 

de la rc9i6n ~os (1 (Sl,R?) ), fluye: a ot¡·a~ 

regiones y !.f!CtorL:·,, El modele> eo>nómico h;, si 

do d 1 scit;Hio p.·,ra que ~e,J v.:1l i d;,r:n tor.1:1J''11!<• en 

cúent.1 el c;¡r[lcter rlr. las lnv•.!r~ lcJ:le~ en l'l fJd 

saclo y p;::ré• prob •• ,·, (:·n rd f-ulur(J, PI afcr.Lo e! .. 

ciistlntLJs de polftlct•~· (!r; !"nvcrsión. 

La matriz: de fhJjo de inv..-.rsiOil<.!S se~ c;;lcJJI<'l 

en C') lhdr-Jo !'egún d(l~ (Jpclonc~.-.• úpllcuncl<' .:n 
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,-.,11h.:~ s el 111é todo de r,w:< i rnl i. <lC 1 (ln de i u en t rop í ''. 

t,) [n la prlm~rn opción el dnto exógcno qw: 

mi'lncj<l el /lodelo c·s ;a Inversión en e'l !>ec-

tor 6 c¿¡p.:.~cidad tot:Jl U(: invcrc;lone~ 

nni r;cctorl.1l. 

Fonn..-, lm:..:n te, 

1 (l,m) -- 'L:t . ..:.t:" (1 . \ ,- , , ¡ ,m,n 1 
n J 

donde, 

re ro ir¡ 
.J --

1 (!,m)·- La lnversi•"Jn en !<J r·cglón .!... Scc 

ter :'1 

F (l,j,tn,n) -- Flujo de invcr~. i6n de la 1"('-

9i6n ¡ ;J lu rcg i6n j. del 

sector n1 <!l sector n 

Le: m::,¡triz de flujo de lnv<;rsión intcrregion,1lcs 

e !ntcrse:toril.lles se c,dc.ulil c,n esta opcl6r, ;1 

travfis de 1~ slgulcnte expre~ión: 

F {i,J,m,n; tl-1) = 1 (!,m;t+l) e (m,n). ~lL!2..!..!~~-1?_(-'_'_·_:~~~-L)_ 

~- 1\ (.i , n ; t )e,-;r, ( ·:: _( ,, ) d ( i • j ) 

donde, 

F(I~J,m;t+l) ·-Flujo de invc.·sinn cntt·e la re­

glón! y región J, Sector m n 

scc tor !2.• 2n pe r T o.lo .!:._2:_l. 

de lnv~rsione~ ~cc:orinlc~. 



A(J,n;t) -· L<J ¡:Jtr;Jcclón de J¡·, l'eglnn j (j in-

versiones del :.ector .!!.• c~n el n 

periodo t 

ex - "(rl) d(l J')) · ''lnlpr>d,"ncl·,··." 1-'l. -l· . -- - " o co•.tcl 1 ' 

v!uje clv lu invcrslc'):l qu(! 

JJ¡-~.:,¡ rlJ <;'-·C.tOr !:!_ p:11'.-> VÍ(I 

j ;¡r ,Jc Lt r1~9 i ón .l " 1" 1 <: 

:dón j 

Es decir el flujo de inversión de unn rc~i6n a 

otra y <.Je un sec.to1· n olro ~e h:lC(> en ck·~· pe~·· 

sos, Ln m~triz C(m,n) disLribuye los flujo~ 

lnterscctori.:J!n¡,_.nte, de lo~. scct·orcs m,., lc>s 

!>Cctorcs .'l• Lucg'> se rc~¡inn;d ÍZcl la in·,r"rs ión 

por In Interacción e~puci;tl, En r.ll;1 J¡, <·t ri1C 

clón rcgion.:ll (/\(j,n;t))dcpcndc> ele 1.:1 <"JWC'Íil-

l i701cl6n regional en c;:,cJ¡-¡ '>C!Ctor, y b ¡,,~~)(· -

danci¿, P~ una función de los costo'i de viL•.i'· 

de l<r inversifln,' 

cspC'ci.-11 iz,)ción rc!gion;d rn C.Jd;1 c;cctol', f(Ji·· 

mil !me~ n t e , 

1\ ( i ll • t ) ·o [ z E(j' n . t ) .. ' ~ n , , ' 

2>r(' ) • - •• J ,n; t J 11 . 

·r· , ( l·(n~ + !: u 11. 1 ; -- ~--
::::· C(j,n; r)

1 J . 

De In rn.)trlz de flujos se calcul.:_¡ el f lujr, l.:• 

tal c¡uc rec l be 1 '' r\·~J ion 0n Ci1da sector. f'q¡­

rna llncn tr>. 

l(j,n;t+l) 
~ ...... 

.,':-¿ ~(1 J. n1·t+l) 
1 111 r· ' ' ' 

y con estt.• elemento !;C c.,1lculJ el t~·11prt:,: rt..-

q 1 011 d 1 e, e e~ o r i .l 1 • 



l(j,n;nl) -- l(.i,n;t11) 1 CE(n) 

:· (j 1 1) ; l + 1 ) 

p•'rforlo .!.._ ___ : __ 1__ 

Cl"(n) 

pleo ~c:ctnri.~l 

<;(:e to,· i a 1. 

r,) [n 1 n sc:qund.J opc 1 <Jr, e 1 1110dc 1 o nFII\.:;_i '' ce-· 

l'l'9 i on:-1 1 ~c-e lot ¡al • 
,. t 
I:S (1 opc i (,,, el 

tl~1t0 de m;;!. LJcíl 0:dr·ncit'111 y ele 111.:1~ fa­

cil manipul~,ción r.o,,n polític.l d:: invc1·-:h 

n~s e~. 1.1 ir.vc:l"'> ión brutc~ f ij;-) t·n c:-~rl~ 

s~cto1·, por rcc¡i(,n. L.l inversit'm !Jrut;-¡ 

í ija no e·, L1 in'IC;rs ¡,·Jíl en el s·.ctor por 

rc~JÍÓn ~,ino el mon1n (~,-:! l.1 invL·r•.ión cL·I 

!-ccto1· <::r. L1 r"e9i6n. t:sto e~. el i lujo d~· 

inv~rsión (]clt' ¡·eci!h: ..: .. -,(!,¡ :.cctor ·~n cnd,¡ 

reslón. ¡-q_l: tbto , ... m5s proc.J ive ·' L1 

nldíli¡;uJ;>cÍÓn de poJ Íl iC\lS dcbidfl '1 que: t'~• 

111ó~ pl;JUslblc a~;umi1 ru.)l es el nlr>nto dr; 

ltl ln'vcrc,jón slcunl de;! un sr:ctor c.n lllld 

CUdJ 



Formél l mcn t-e 1 

I(J 1 n) 

/l.) rn 1 smo ti c·mpo se ti ~·nc· Ul!llb i en r:o 11') d..-,, r, 

c~;.,.Ó9C:I)O lc1 Caf'¿sciducJ r'·: fnv<:rsi6t1 en el 

s ('e t o r p o r r L' ~) l ón , r' ~-. l•1 e ~- 1 ( i , s 1) 
1 

(; 1 e u a 1 

se Ctllcub !gua! qu.~ c:n l<1 pt·lm:•r 1 npci(>n, 

(C.:tprscld.-Jd dt: invt:r•;iGn del secto¡· t·n 1<, 

rc-(]ión 6 Ci·f-'c..J<.ldad d<! producir l>icn.,::. de 

cwpltul). 

Conocid<t la lnversl6,, uruta flj,¡ ~t.:ctorird 

rc9lonal el modelo pél<;<J <1 dctermin .. r dl' 

que ~eclot· proviene e!>.! inversió,, (scrto-

,.rlnl ización) y luecy.) <.l d.:;tcrmin<tt !.1 pro·· 

cedcnc:ic1 rc:gionol (rt·~!ÍO:-Jdii~;)CÍún). 

Esto dctcrminG el imp.-seto de la inv(:r~lón 

brutil fij.:t en Célda re~;ÍÓ:l )'en r;-~!,1 c.r•n-

tor. 

[J imp.:1cto de.· 1.J lnvcr•:i~m brutu fij;s ~~n 

c<.tda re e¡ i ón y cod~1 se e t'ur rcpre<>.·¡¡ L; 1 <1 

_9r~m<tnd;¡ d(!. h i 0ncs u e c.op i t.:ll qur· L;'! lt! rlol i ·· 

n.1 1 a i nvc: r:; i ón b ru t :J f 1 j a en c.-1d.-. r•~<l i CH) 

y pnra cuc.lcJ sector, E<; l<~ dc:m.-mcJ.-, d~b,: •,cr 

c.omparudi'l con 1.:1 lnv,·r:,iiJn rn í·l sectnr· 

por reglón ó I;J c<,p.:Jé idad el!" Íll'.r::r~ión r·~ 

9ion¿tl <mt~riorm8ntc c.dcul;:¡cl;,. •:¡ )~,d.~ 

monda exceÚL: In C<Jp.-l<:ÍdcHl, dentro d•_ ci,·_. __ 

tos r.:mgos, elio irtdt .... " qut.: no (!,-,Í•,tv su­

riclente C.Jp.!clddd pl"l•ductÍV.J ¡ft; IJÍ:.nt•., 

r'o .:;;>¡-·1t,;1 f"-ll-.-1 • •. 1sL'·, .... s··l"' ,kn~;¡n.·I_J c¡u~ 

1 1 



produc·.! lét poli tic.;¡ d¿- ln•Jel •.it,n brut.~ 1 

ja f]li•~ r,c cst5 ,,rc.l>.vado. 

Form:J ¡,,,.~·~te, 

F(i ,j,11l,n;t+l) 

dondr~, 

Ffi,j,m,n;t+1) -- rlujo d~ inVt!l~:ión Jc , .. 

C1 (rn,n) 

f~(l,m;t) 

~J i ó 11 l. éJ re :1 i (_)n ~ ',e e t () r 

!~· en periodo tJ-1 

fl u j ' 1 s i n t e 1 '>eL t o ,. i ;:¡ 1 • .... 

E' ~; t .:~ r,1.-, t r l 7 e :, d ¡ s t ¡ 11 t ' 

D !.1 C(m,n). Fn e~tc e~--

.-;o Jos coeficiente s·~,, 

t iliJ i ecen (!11 re ],)C i 6n ,.J 

bi•·nl:S de cnpitnl que t_· 

xl~te en el s~ctor n 

= ~- ~ r ( i , j , ,,¡, n) 
.!_.1_ -----
-- , - -- r r . . ) 

' - ' Í,- •CJ~ , 1 0 j > 1 ol , f1 , 
111 

gi~n len el !~ctor ~. 

pr.!'.J que lu ri:~~Ji6n l (':' 
el ~ector ~ ndquicr~ 

·:~ .. 1:. invcr:.iorws ó bi:•-

nt·~ de: c¿¡p i t ;.) • 

/\(J ,n, t) es d~cl1 • 11,1 func!ón de. ln c:.pl:· 



e 1.-.1 1 .l<:.c:, n rcg l on:d )' se e tor i <.! • 

l'Xp (-o (m) d ( i ,J)): l·ur1c ión ue irupc:d.mc 1 a o 

r.o~;to de vi;1j·.· d(; la in 

V<!r~ itm de 1 ~.r:ctol' ~ P.0_ 

r ,. v h j a r e!. ' l o r L~ g ¡ ó n 

c1 1 é• reQ i {Jp .J 

Con esta JrlLltrlz flu_jo c's factíblc -::édculu:-

)a dCOJ<JrlCÍ<) eJe blcne:. de C\)¡)Ít¡¡J '"•t:CtOriaJ 

¡>or re9iún. 

U(l ,rn;t+l) 
¿¿;~ 
. r(i ,j ,m,'1,t+1) 
J n 

donde. 

O(l,m;t+l) .. La cJ.::IT' .. ,,cl,, Je bicnc~. de CéJpl­

tnl 6 (:e invcrsióJI quL· h.lc(• 

sot..re l.o rc0i(m J., sector !~· 

perJo0n .!:..:.:.1_ l.:ts invc1·sioncs 

h r U t él~. r C! Cl ion,) J e S • 

S 1 D ( i , m; t -: 1 ) ) ( 1 ( i , m; t + 1 ) + E 11 
'J 1 ( 1 , m, t i 1 l 

l~o es f.:¡ctildc la inversión f:..rut¡¡ íijíl C2_t.·1 · 

blcclda en las pol1ticns r~~lon<lle~. 

CpSi(l,m,t·ll) = 1\ar<:;u ¡le· V<Jriilcil•n el¡~, .• 

!JilCÍd,ll! de ÍllV<'I5ÍÓIÍ de) 

sec t.or 111 en regí cm ..!_, r.::~ 

r l odu t -:1 

1:.1 empl¡;o J\c:'9Ío:¡¿¡J ~.ect<Hi.d Sl! c.olcuicJ 

después eJe comp:,r<lr J :r ck·n~<1rHia ~.h i 11vr~.r.:. 

'dor¡es con !.:1 célp.i<.I.J.,J ~,·.:><JÚn 1~! co.·fi-

3 



r. 1 L'rt,ll· CE (n) • 

Fonil~lllll::!n te, 

E(J,n,t+l)-= l(.i,n;t+l) 1 CC(n) 

1~1 objetivo <J·:- C<;le modclu l!'i del·-lrninar lo~. rdv­

¡,~s de! pobl.1ci6,1 en c:.:n:<l rc~1i6n. fl Cui11bio de: po-

bl.1clún dé! c.:,d.J n~gi6n Jc¡h::nde de la tasLI de n.lt.l-

1 id(ld y mon;ll id,1d t'c0lonnlc!> y los movirnlentrY. 

mi~.JI"·ltorio:;. 

t ·1 s t <1 s " ~ (k n él t ; ; 1 i tl. ~ e! '/ m o ,. t.' l i d .:1 d e <1 1 e u 1 . " d :..1 

¡)or un procedlrnier\lO similo¡· .-ll prcsc!nlt~do en 

I.J ver5i0n c-on1pL'j.1. [-;toe~- <;jlJStado un p•J·· 

! i no m i o J ,; d i t o ~~ r "e 1 o iJ l ¿¡ fu n e i ó n el e 1 t1 1 ,, r, n 

~0.:~.:L·2. de il<lt¿¡J idncJ y mort.1l icLJd. 

fo rm.:l fíl~r: te, 

r>(i,i) Y (t)~Y (t-1) 
d J. 

donc.k, 



3.2 

O(i,t) "'to~ .. -· d(! mort.:~lid,1d .:snu.1ld<.~ año t ¡¡ l;l 

Yb(t) -- t;1s;• .1curnulad~, d:! nat~lici<~d hu~.L1 r~ií~ t 

Yb (t-1 )=-· .!:_~<;_·-~~1_=:_0i~ de na~,.11 id•~c! hnst.1 "'io L-1 

Yd(t) -- tc~s;¡ ••cur.1ul.1cl.:-J de ¡nor·talidacl hust<J ,.¡)·J t 

C<J'Iculildu ¡., población Lr/t.1 por L•·:. t.1sac; e:_-~ 
,, 

natal !dad)' ro~ort.:Jlld<~d, ·~s neccsdrlo culcuLH­

lus mlgr.-JC-inncs intc-:r_r·f·9l0nales de poblaciór, 

pa•·•• determin<Jr la p6bbci6n regio11i1l, 

Lé1 probabilidad d(! mi~¡rar es consider·ud" cv .... ) 

proporcfon~:J <1 un factor de atr<•Cción y dcpt·n-

c1ie,nte d<" un<l 11 lmperl.mci.:-.'' n ml~rror -:¡uc es l•o~:. 

runción ele: lu dfst;_lnCÍ<J intcrrC~J¡On;l), 

Form.1lmcnte, 

r r: .-H ( i , j ; 1-11 ) = A (j , t) 
0

• exp ( -3c ( i, j)) 

'}A (j , t) 
0 

.exp (-ce( i , j)) 

donde, 

Pr: 1-\(l,j,t+l) Prob.JI>ilid.-:Jd de rni9rar de l<r 1"-.! 

/'.(j;t): 

_ 9l ón _i_ ._, 1 .J re~ 16n ~ c.n pe r i (\d-..1 

t ::: 1 

Atracción de lu rc~gi6:1 J dur<oll­

te pcriocJo.!. 

[s tc1 puc:c;er r.cr e>:pres'ndn coro•o 

1 r; 



Ull·:t rclircl6n entre: emrleo )' pnbJ_::: 

el fJn. 

AU;t) -· E(j;t) 

P(j;t) 

cxp(·-~c(l,j)) 1-unci('ll de coó.to de rni~ll"frt d<.: 

re~¡ión J.. c1 l 

O = l'<ll'f•metro 

La r·tls:·.1cl6n de l.:1 rc~~¡ión 

1'1( i. j; t+l ) 
1(' t) 0 ('3r (' •\) "' r-· ( ¡ , t) ' 1 ., o ( i , t) ~ D ( i ; t ) ) • i J • l' x 1' - ~ ' • J / 

\ --------------·-· 

p (j ' t.¡ 1 ) ~ ~ 1-\ ( ¡ ; i + 1 } 
1 

~/, (j , t) 
0 cxr ( -lk ( i ; j ) ; 

J 

b) Cólculo de Jac. taé.;;s d(! rnortolld;:H.l y n~'. 

n un pol lno:,¡irl. 

1 (. 



pL proporción entre el t"l&¡.>lco y lc1 p•_jbLl -

o 
/\ (:j '-t ) o 

_, 
-· ( ( P.'·. (j , t ) - L (j , t ) ) ) 

[',tu ecu.Jci6n pw·uc con~il:célrse cc,mu un.:1 

<•proxir.1ací6n ¡:¡} descn.plcn de 1<) zon.:1 (j),c1 

cu-d nctu¡¡rfél invcr!:.:HT"'ni-:! proporl ior&.:Jl ¿1 

L~l .:tl&'.Jcci6&& se c>prcsélrÍd rn;tle.n.'Jtic;lfJ,cr:t<·.: 

r:(J,t)Y(j,t,)
0 

r(T,t) 

E(j ,l) Empleo en l en 

Y(J, t)· = lnu.-~c..o rc9ion;d pcr ctlpitu. 

E~l.:tS posibl~s nueVe• forn•,d¿¡cfones tr.;•::r1::t 

como consccul'nCiéJ ,,lqun;:1s ~~t~icior.e~. <:rt el 

Hotll: 1 ú. 1 n 1 e 1 ,1l n,~,n t..:. p 1 ;,n tr.: . .:ttlo. 

' -· 1 / 



h ls tór· jc,¡::; ,) un rol Íll\Jio1Íú. 

l::l .1j 11'. 1 ~~ ,¡J ¡.o o l i no .. 1 i o par· ,J e 1 c..rJl ·-

1') 

y. ( l) 
1 

j- 1 

dvnJn, 

H ·~ n(I'TlC ro di.! punto!.. aj u s t<Hf·•·· ,, l 

pol ínon~io. 

111 ::. gréH:o del pol ÍnOrnÍO 

X - lnlcrv<~lc, anu.·Jl ¡ 

Y. (l) v;·dor· cie l.:-1 Jurrci~m pul¡,¡{¡ 
1, 

PI i e a e: n P. 1 pe r í o,: o t • 

El ¡Jroldo:..rn<J •;e prc>'~.c·r¡L~J ül lntcn!._¡¡· 

rroyect.Jr t<lSCI~ fUC!¡óJ del inlf•¡V,¡J(o 

al cunl fue ajustudo el polinf> .. ll(,, 

(61-71) (lcLlc:o a que lu func!i,:l t;e:J 
) 

pol ínomlr- <;e comporli• c!e 111ancr.1 d(:c: 

c.uadu enb-~ lo!:; puntos cnn~l<ic1· .. -

do!:., pero no cxi~tc c~)"li,Jc>t<J q,r·z•r.­

tfil eles·.: l.O:lljl'.JI"t<:ttl;,:nto fucrél ,i,-1 

inter-..':do ,¡justado 

IJr"' 2 '. :1 i u e í (ql ·l ,j CUiJ•Ll pJr:-J p,·r in--

. J'JS m(l~ al i.:¡ ele 1 ~)71 ~ .... : r i <•, rL,,; '-

Zul' ¡, i p(>t .·~. 1 ~ ;:¡ce re.-, de 1· ,. 
''" l."'1'1•1 1

) 

con un m.~tudll deílloqr-:,f i co C:0f1\'L'i1 ¡ :"l1 

i. 1 



1 1 1 • 

r:sc nuevo i rJI Prv;:; lo. 

I'.•Jí"LI 0 l/ 1 .1'~·\ - tn'~l\l!ll l' 1/:i'lf. 
. ·------........ ------·- ·-- ------•' 

~i0n. ,!"1 l·lodclo l1oli"•1- Urb·:il'' L<lfl~.lt!(·r.1 Ll ciucl;,d 

dentro el<.> una ele: ];,.,; rc9ionc~. c: . .,l poi~, y lq~ .:~ctivi 

d;ldes y eJiflc<:c:ioncs gencr<Jd.~<, por el n:oc.Jclo ~.on In 

re 1 iJC ion..- s 

en su c..onll!X·to rr·qiclndl. 
. ' . 

1.1 ; i e t rrn.J ne />,,.f!.1C::, rlr· ~1\n.'"·l i ji '• 

[ 1 pr irnC!r p.¡<,o par·¿J prcll1;::•r ,.J m0dc 1 o p<lr·,; 1 a r.c~ 

gió11 C<~pitéll fuf! Ll del ini<:ión d(! divi~.iÍé>n de 1 

ex l(~ rr1 c:s. 

1 • 
110 r 1 oc 



lo ·intcr<~cci6n entre L'vn·1~ S!.!,J ,¡Jt,-¡ y el 1.:d1~ 

'de ell<s~ ~.c.1 menor •lLJ!.! LJ di~~t.·JilCL'l prom.!dlo _dl: 

._,¡¡¡_¡,.,s al tr;sbajo. F'or '"1 contr.~rio· L1s ZD11::·, 
1 

<.:xlernns d0bc·n ser ~')r:J:Hk·~. (>fl n:L'GÍón t~l vi¡1j.' 

,) trübó'ljO )"deben [1J}i.O/:ÍII.:li~C il ~.i•,lC"111.1~ )¡u,.J.i<:·~ 

ncor,, Por lo menos c:l. ~0/, dr~ lrJ.., vl~jcs ckl•(¡¡ 

lr.n...:r su o¡·í9~n y d<:~.tino dc!ntro ti·.~ l..l nli!,ll•·' .·(• 

E 11 s in te! s i ~. : 

a) El f\rc:s 1·',etropol it<.nu tlciH' 11:,:, zonif ir.<:(. ji,;¡ 

flnn con intcr-~ccl6n fuerte ~ntro zon~~. 

b) L<~s zonas extcrn¿:¡·; sun grnnrlc!~ con gr~:n 111-

tt.!r·<Kc16n i:H~rno y ¡x.:-.l cntr~' :onas. 

E~;l;l divide Cur<:~cas en 30 70nils i:1tern.:1s. !:.1 

resto de 1., r •. :sión se dividió ~;n ) zon.--:s < xL._._ 

11él!> nprovcch,mdo lu~, divisiones politic.:J~ e: .. 
r.~~nso y trdlclndo de hcJC:C't' sub-·>islcm·1S honn;J(•· 

3? nlstrilo Cunlcalpuro 

33 

3': 

parte Opto. Llbcrt.Hior (Lo5 Tc•!ues, f;¡:,,, 

ríc;:ln.:l}. · 

Oi!;trlto 1 ndcpcndl'nC. i '' (El luy) 

Di!itrito L"'n('('r 

Oistrltu f'a7.- C0s t J ll" 

p<lrte Di '· l r ! t o <::ucrC'. 

Dl!:trlto pJ,¡z:~ 



lli">trito Z<lmor.:-: (Gu<lrena~/(iiJ<.drc) 

3 5 lJ i ~~ l r i t o i1 e e ve cJ o, ( O a rl o v •! n ~o) 

0 1 S ( r i t O C rl {,n 

0 1 s t ,- 1 t CJ P .í e 1 

Ver tl.lp.:> 3 

Se ¡:¡cloptó como élño bnse ~;r6_, porque c>:l~;tí¡·n 

elatos p.lril l.1s 30 zonilS in l..:rn<"l!: de Caré.Jcas o 

El prnbl;~mi.l nparcció pilr.J lo~ elato;, de tierra 

di<>ponitllc parü los 5 zonws c>:t~rnas. 

L1 tic·rr;, disponibl~ se c{llculo en bi.lse eJe~ n.c­

dlclonc.:s en plano<; y tilrnblé-n de informes de Plr1 

nenmif'nto Urbano del /·lOP y d·:~ Olii'U. L<'l 1n .. rr!z 

de distancln se mlrlió t!n un pbn0 vlwl dl' lé1 l:e 

9ión to:nondo l<J dist<Jncin pro.m·dio de vlnjes al 

trnb.-tjo co:110 l<J úistoltCiu liltc:rna de In"". ?.On.1s 

cxtcrn<l~'o (Cstos c~tlculo:. c.!r~ dntos b5sicc>s apd­

rccen en l:.1 Apéndice 1) o 

1.~ C:~tructur.l dr.l ~10d,,h lntr;¡- l!ri>;H"'O -------

u) 1·\oc.!elo de C'rnplcn bó-:;lco; que loc<tli?u C'l cm 

p 1 e (J h S s i e 'J en 7 011 J s i n te r n .1 ~, de 1 o e i u d n d 

y ZOrluS cxterné'IS u~ Id re!JÍ(>II c~.pccTf ÍC:ilo 

loc;,J i;!,J c~pdci·J con~.truf¡:o, 1e~identt~~. y r-'2 

pico "n servicio ':n ltJs ::-on~1·~ <Jnlé!s ¡¡,(·r,clo 
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:> • 1 

r~ 'J }·1 !~(:ÓI c~-·il"'l) r l'.'l :,ll"U,''!lJ 11< •• ·1¡ ',;..,·o,',.·.]r.J ,, ._, '• ..! J 1 • 1 •<-t-J '. ., _, ' . 

en lo~ l"c!gi(m y l<~ pr•bbc:!'~n por i'r>n:l!: d~l p':ri:· 

do '"1tc-r·iur, loc<~IÍ.:.J ld ._.,,11·l·:o bflsico p¿;r:1 e;;-

;~on.1s intcrn~rs ck· In ciud;,d )' lns ZCln.;~ <;>~í·~rn:1·-. 

Est;-, :·.¡¡] idad pn·;,J ,l¡ rr¡o,l'.'ll) e'•· ~Hiificnci•>m:~ 'i' 

.Jc·tivlcJ[r•:c-s el cu1l p:odu•::t: L~ gc:ncr·ncio'., y loc_l 

1 ÍZ<Jl.ÍÓrr de ln~. nctívíd¿hJc:s n~st.1ntc•;, las ~di·· 

C J ¡-,:, i fÍe cH. i Ón C·: 1 ir,.r, ].•o ----- - .. ----------.-1.-- --

(\] .:1ÍJill"C<lf e] fii(·L:c]o n 3r; ,•oq,-,~, d(> Jo :\C'!)ÍÓ11 C l 

p í t<1l ~.e; prcscn tn 1:1 nccc::. i d~,d el(' rcv i ~·"r ··1 c~n; 

cepto rf0. [mpleOLó•.ico tr<Jcii:-íur:;d,P;,¡·,-. l.; ¡;ec¡i6r, 

Capitnl e<> b5sico l<J I·L"'lnULH~tur.,, Tr.-:r,<r·::~rte 

(r> u e rt o de 1 a G u 'd r él , J\ e r u¡) u e ~. i o ) , A q r i c. u 1 t u r L! ;· 

Gobif!rno, 

1 

y el r.eropucstt) puede ser c::.l~:sid~rildf) por el !:o 

dclo .con1o un dato cxó~Jt!rlO, 

C:.l o!Jj~tlvo del !:o'!o:lo c'c ltn,)l.··;; P5~.ir.o e::, kc.~~ 

1 i lar p 1r,J c.1d,1 l!.1ol 1'r; 1 a'~ ~.) :·.011;-1-:; urb:J,1<~'· y ) 

ZOI1.1:: ext-erior,;•,, 1;l c¡n;.;lt.n 1 . .:.,!-ico. [<;l(• r:mpl1 <• 

•) ., 
/.1 



¡·:.sico Joc:;¡Jf.!.odo es el insurno éJI f/.odelo d·· EdJ 

llct~clone>.-; y .l\ctlvidiJdr;~, el cu.--:1 es un /loc:elu 

de Estructur<~ Urb;¡¡¡;;, 

L<• EstrlJctur.: Gcncr.-ll c'•:l /1odclo pur:rlc üpl·eci~·.C 

~.t! en 1 a F i ~. 5. 

ro c.c;tfl fo1 ri!.Jdo por Lm l',,njunto l:,~ Suu-llo:bltY, 

e" d ,, un o d '~ 1 o~. e u .:1 1 ·: ,, 1 o e.-~ 1 i z <1 e; n 1 i) s d i f c. r :_n-
1 
tes zonac; lo~; difcrc:rtl"~-. tipos r!.c: Er.:pleo [3;J,,j,_o, 

í:.' tos 11oda 1 u•; (;C 1 ()C;) 1 r :.<JC i ón ~,on 1 \od..; 1 C)5 d,: in Le r 

se utlli7¿¡ el método e!·.; IJJ.:xlmlz.:¡c-i(n¡ ele lu t~n-

tropf¿¡, 

l.<J fórmul.l ~Jl'IJCrnl pl.-•ntcadél pul"u este proc,~~.o 

es: 

E (j , n ; l + 1 ) -=- 1' [ (j , n ; t -; 1 ) . L (j , n ; t -1 1 ) l.' (j , n ; t + 1 ) ~-/\ (j , 11 ; t : 1 

-' j 

Es decir, el Enipleo (,¡-, C<~ri.J ZOII<.l j, !.ector 1~· 

S•: locédiz,) proporcio, •. -!lnv.~nte a!;, tlerr<~ di~;-

ponible en es¡, zon<t p:r.J ese tipo de empleo \1 
1 

Lil función <'C' un 1oc.tor de alrncció1, especííi-­

co rorn ese: Cli1¡.>1eo d011C:c Sf! lOmél en cucnt.1 l.t 

Gccesibll id2d. 

l.: ~~pe e f f J C,l,,1Cn te, 

r. (j ,n; t+l) [mpleo L;{,silo n en zon<t 1. en p~­

rT odo t·:-1 

)~E(j,n;t-11) -- Cunlichd lot.:tl clc en•plco ce tipc• 
_1 

n en 1.::: r.:~¡ión, <:n periodo ~L.-



ESTRUCTURA 

E''~ .. _::o 
.,.,:,eRO 

GE.~4!::R~\L DEL MODELO DE EMPLEO Bt.SICO 

MODELO 

! 
EMPLEO 

PUERTO Y 

1 

FACT\.:R!. 
1 lr<TU!SIVA 1 
Z EXTfNSIVA 

"----r---__J 

Er.<FLEO 

-- -(¡1 --- ----------- -: t --------------rt --------- --~ ¡--.. _ ........... ---·---·- 1 

, t • t L·~~--- ! ! 
T.tfi~~ f ~·o~,.l;~C OC: tf.OOEL~OE ,--;;-;p~~,Wufl.~W:~·-~ TIE"OA PE-O¡;;:: ~GCA'-l 

F' t ¡:-·~rc;~~LE' ~ ~IZ.:..CICN CE [~1 1 o.~F'':'r-.:e~E '.j:::...-~.:':NtL: E.--~r-L::O 1 
• CIS re:• eLE • LOCA' I'Z..óCION !J':: LCCA_I~AC\C~; Ci: 1 ~ • 1 

~~~"\ 

r~ ' I!.O;.JELG DE ~ 
~~~"~'·"LI: "{ '.CCf,L'".t. --·o;-..: ""j 

'r"I:"'OOO ~~ /1 ~ FEFIOCO O~ -l ~o PUEPTO • •i~EO•O~O ~(/'1 ~'Ar;:JFl.CT\JRl-. ¡, 
s·c•t: t.ccc~v crrrL E e AG:11COLA EMPLEO MINE RO 3 ~uLAccoN)/ ,.. ·'- J I~'"'JLAc'o~J ITCrlS!VA 2 cxTE!.sl':Á 

L u---- t- --- -----L u--- ------ ___ j_~ ___ '_'~:t::---- __ :_ 
,o[r•c..::J OE./ .. - ~ ... \ r ---

~"· -·";·::..?~ lEMl'L(O GCOIC:R'\0 

' ... - ---

1 a-¡- •-
........• J ' 

lt:M?LEOAG!i'COL~I eMPLEO MINERO IE'~•LEO PuCRTol 
LOCAL! ZAOÓ--~ LOCALIZADO AEROPUERTO LOC~ 

p:r,_~ o t.,t.•;uF;.-::-¡ 
TURA LOCALIZADf. 

,POR zota. PO~ ZOilA _j POR ZONA LIZADA P0R ZONA 

__________________ J_ ___________________ i -¡ 
r-----·~-, 

!!.ODELO ~--¡ ! SEP.\ :e,')-¡ 
Efl.PLEO TOTAL St.SI::O 1 

'D- E .... ¡-•rr.c¡c••~c:- ·------<-~L'"'r' czc.~'' LOCALfZ<lDO rOR ZCNA /t ::. "' ro~' ,,_;:.,. ,- "'. ~:~~ ~ . ~v" 

L--------_/ :y t.CTIVIDADES ~--~ ¡----¡ 
< 

r·~~~l 
--jC,<;:-:;•.ItLE l 

1 ;:o~ zo·~t. l 

C_t.·~,,~,. j 
L 1- • ,.. • 

... ' ::.. ~ •' ·~ 
r~ - .. '"'~' 1 1 ....,- l'v ,_, 1 

--------------- .. ------------ --· 

l 
Er.;PLEO Gca,;;:;,·,;:,· 

LOCALIZt.t.oC 



L(j,n;tt-1) 

nJ j paru d.~~J!"rollo d'.! tipo llu E111 

pico (6 nctivirlnd) n (tierr~ tot~l 

p<~ra es;; t i?o de des.Jr-rollo 1n,:nos 

1 ,, t i ~ ¡· r· i) u t. i 1 i 7 .:.1 J a .-. n t ) • 

·r(j,n;t-:·1)-: Félctor de .JLr"ncci6n ~~e la zonn ¡, 
par a !."::>¡) 1 t;l) d~ t i po ~- en pe r i oc! o 

t+l • 

fste f.Jctor cst;1 por lo <JC'n~I·.JI ck~L-~rmi11:do de 

le~ sigui,·nl·~ rnancrn: 

'.l(j,n;t+l) ::"V(j,n;t) ~= Y(J;t) c;:p\-O(n)d(i,j)) 

donde, 

~¡ (j , n ; t) ~eprcsentn 1~ vuriabl~ de JtrJcción 

do t 

">" 
'¡:<(i;t) . ..;;;p(-fJ(n)d(l,j) -· L<:~ inl(!racción Ul! l:J 7.9 

chnde, 

;<( 1; t) 

nd l con e 1 res 1:0 d,~ 

las zonas 

V Jri.Jblc di rc~:t<111l•~nt..! proporc:lon<ll ·~11 

l.1 int•:!r:~cció,, ·~11trc L'.Jrld_, _!_ ·¡ :;:o¡t.J j_ 

•;.<p(-El(n)d(i ,j))-= lmp·;l!.mci.J 1·1ic1·:· LOI1,l!:> J. y Id 

zon;¡ 1 

...,.. 
'~·!',(j ,n;t-:-1) -- l7<:!clor t:.~ norrn;Jl i.' \ ión. 
J 

' ', 

) '· 



dnncle, 

..., ' ) "-;-:\ U , n ; t 1-1 
j ~ ( ~~ L U , '1 ; t + 1 ) \.¡( j i n ; ~ ·t-1 )) -l 

j 

Como ¿,ntur'ionncntc :;,<~rlifc•stuiLG> t•l l!li~p!:·o 

básico c'".t5 divídi;t:¡ e11 f\qric.:ulturo, i·1i11:'. 

r1Íil• Tr.m:>rort~, 1\,,,H,foctur.-~ y C':lbie>rno. 

r.:.:r.-. (.,Jc!::; uno de C':.tos tipo-. l:(! C'iilpleos 

existe un su!J-mod.-·1 .. de lociJI i.~aci6n. 

A~o un1 i rc;,,os que! el í nd i CP. !!. que• i nd i e o el 

::.éctor puede to:n;:¡¡· (. v¿,Jores, 

n = 2 f:mp J e:0 1 i in r! ro 

n "'3 Empleo Puc:-tCl y /\eroruc;.Lo (Ti"r.Jns­

port(: Gdsico) 

n .:0 L¡ [mp 1 c~o t~onufacturwdo 1 n t..:ns ivry 
n ·- 5 [¡¡,p 1 ·~o 1\an uf <>C t ¡¡¡·¿¡u o Extensivo 
n 1' -· '· tmp lu1 Cob ¡,,r,,o, 

Los Suh-llr,ck i os p<il" ,-, (;¡rJ¿¡ uno de l"'>!O!; 5(:(. 

torC's ~on: 

C(j,n;!.l-1) -~4[.(j,J;ul) L(J,l;t+l) H(j;l;Lll)~~l\{),!;í:J) 
~ j J 

'Siendo el f.Jctor de .-.tr.Jcclón la iJrrcslbi-



\J (j ; 1 ; t) = Z:r(i;t).;>·.p(-n(n)d(i,j)) 
1 

donc.]e, 

P(i;t) -- Pobl¿¡ci6n en :'Oil·l i_, en pcrí·-,J .. ' 

Sub-/',odC' 1 o 11 i rw rn 

E (j , 2 , t + 1 ) ~ í t: (j , 2 ; t + 1 ) L (j , ~ ; l + 1 ) \! (.j , ? ; t 11 )J.\ ( j , . 1 ) 

Siendo el fucto¡· de .:Jtrac:ciólr el c111pku c¡ue 

~1i11cro existía .~rrtcrionr,c:ntc en ld zon.:1 y 

].:¡ imped.:Jncii:l dr vinjc. 

\J(.i,2;t+l)::: E(j,2;t). f•"xp(-fl(n)d(i,_j)) 

Con ¡·especto r1 t",tc· tipo rle; c'f11pleo c:::!:.í .n 

/lod·~ 1 o. 

[ (j ' 3 ; t + 1 ) ::"! l r: j (j ' J ; t + 1 ) l. (j 1 } ; t + 1 ) \ 1 (_¡ , ~ ; t· .; 1 ) ;> (J ' . ; 1 : 1 ) 
J 

Siendo el f.:,ctor de .:Jtr¿¡ccíé>n l.!!> el <~rr,plc~ú 

de Puerto~ y /,cropuertos qw~ c:i~.tío éJIIÍ':!ricr· 

~/(j,3;t+l) = E(j,:~;t) ~- .. x¡>(-D(n)r.l(i,j)). 

~uh-l,'.odr~lnr, dv f'~1 ·l:f. cttl .... l ---------- .. ----- .. -



( , ) ~. (. · , Ll (. ¡ , ) ·. , 
1

) ·- r • f j, · 1 ; t + 1 ""' 'J-= E J , 1 
f ; t-: 1 J J , · ; l h • \1 U , ·1·; 1 -: , • ·; t .• J , , : ) 

t ¡· i ;~ 1 in ten~ •. i vo que: r~;..: i ~-ti.) en l él zn1u y 1,, 

~cc~·~.ibilidad .:ri 11\c:rc,-¡t::J c:ow,umidor. 

'n'(j,l¡;Hl)=- f(j,l:;t ) L.-í, ( i ; t) rcx p (- r. ( n) d ( i , j ) ) 
! 

El f¿tctor de c1tl"i1C'CÍÓn es sirni lélr del d,¡;11<'0 

Industrial. 

\!(j,S;t+l) -- C(j,5;t) fP(i;l)cxp(-O(n)d(i.j)}, 

·' 

E(j,'.;t+l) .:::~f:(j,:'·;t+l).L(j;(:;t+l)\!(i,~;t-rl)~ .. (j,. ;1:1) 
J j 

existe en io ~on., y i:.1 élCt;sibiliclnJ .:. J.-, po­

blür.i(m rcsidt.ntt:, , ... ¡, cic:··t,; lllilolC'J"<:l un C'l'"l"oi;n 

to que mi de 1.-:J · 1Cer' t ,- ,:1 i d,;d". 

' ( • ~ 1 ) ~ 1 • ( .,. l ')--..... ( . ) ( . 1 ' ) 1 ( • • 
1 

• ', : , u; t 1- - _ \ j , ,, ; .. ,. ¡' \ 1 e t • exp -l· ,n. < 1 , _;, ) 



3. 

El l1odelo de loe¡¡] i::élciGn de [rn¡->lco !35~.lco 

tiene opc_íon.1lmcntc un control de dcn!.id,,d 

que 1 irn 1 tél 1 a c.1nt i d.1d de cmp 1 eo b5s i co 

que puc•dc 1 OCd f i ::n r~c en c;Jdi1 zon;1, y e 1 e:,; 

cedente e•; loco! Í%drlo t!n J¿¡~, zon<JS cuy,¡ e;¡·· 

pacidéld no hn sido ~xccdiJ~. 

Es tn opc i 6n ti ene ul> j di vos c:C' p LHti f i e:~ 

e i ón. En fonnu C'.qll·"i•l:: ti e u hmt. i or:~J conJ·.> 

se· indica en lil Fi~1· 6 

~·.ODI:LO D~ [DIFIC/\CIO;g:s Y Míi'J!O/\Dl-S 

Corno se indica al dc~.crihi r l.:1 cstructuJ·d c;cnc~J·al 

del t1odelo lntraurhdJJO, el 1~\,(! ·lo de Ed;fic<1cionr;:. 

y Act iviu.Jdes, con l;: cntrn(:;: Jcl em;)lc0 h:,sico l_o 

e¿¡] iz.Jdo po.r l<.Js 35 L:Onas d•,•íirJirlos, cédrul<1 y lo­

calizo pdru c.Jdü und ele ll:!s zon,b c>l fl'~lo de lJs 

activid~,des de empleo (cmpiNJ'S y !:>crvicio), lds e­

clificdcic,ncs y la poblución r c~;ilicntc. [~tc mou('­

lo es unll versión Vc:nezolzmn del l·iodelo Lmlry­

Garin-Ech~nique. 

El l~ocJc:lo necesita C:CliilO cnt1od,1s especi¡¡Jc~ clcnk!:l_ 

tos sinlildrcs al 1·\oclclo ele [m?l<'\) !l{JsicL), <''>to cJ 

la ciint id<H1 de tic1·r·a plli"a c.:l tk~siirroJ lo y .-11 r·c;d 

de Tron~.portc. Estos clc1nentu~ fueron cl.;fj,Jitio<: 

ya en el ~istem.:1 el,~ t,rca de !ln:,Jisis. 

3. 1 

Cl t::-JJclo co.nicnzél loc.:Jl i<:<liHlo cn L1s difL•r;:_n 

')' .u 



CO?~TROLES DE REETRICCION 

Fl~. e 

E::>iFrc.:.c.cN o 

ACTIViDAD LOC.:J.-

1 

>----->! 
1 

~:..Lc·_:~o CE ! 

J 



cio constl"uiuo gcn,'rc~do por el c1~pl('o b[,~;iu.• 

como un<J funci6n de l<l tierr.J cxis1cnle ¡.;;•¡;, 

(' 1 des n r ro 1 1 o y 1 ¿¡ s d i 1 í' re 11 te~ zonas y su ;1 e e:::_ 

sibilitiLJd, [sle 11Stock11 6 cspDcio constl'uí.iu 

loc;1lizado dtrne ¡,.,,, r·:~ic!.~ntc•;, lrF, cu,llr_:; :.,: 

rlc.o de servicio es r¡r_·nr.;r.'tdO por Ll ilCI'ivid::.l 

rf!Sidcncinl y su loccrl iz<~ción es fu,,ciftn d · J¿, 

Jocnlizé:lci(.,n de los rcsic.Jentc? y <~cc~sibilic!o~d 

' 
tomnndo en cucntél un p2róm~tro l:c <"Sc.11<~ c:\1.' 

sirnula la <tq¡·urncl6n'c1'3 C!>tc> tifjo <'.• Uliplf'·::J. 

El t·\odelo <~s itcréJtivc1; el empleo de sc·rvicio 

c<.~lcui;HJo C'l"l lu priltll!l~t it::rélcci<'lll ~.e .JftcJdc 

u! cmpko b.':sico y el liodelo recrq·rc 2! mi~~Jno 

proceso h.3St<'~ llegar :-~ un estr1ch de CIJUÍ 1 ibri('. 

La poblncicin y el cmílic:O tot<Jl pDr ;·cma dcl;cn 

suírir un.J co:nprobaciún de conc;isu:ncin co:1 el 

/~orlelo Regional. Como r.e indic6 "n el 1\otic·lo 

,ele fntplt•O fl,í~;ico, eJ /~odeJO nc :_ciifiCdCÍOOl:';' 

y Activid<Jrl~s nl irn~!nlél ni /·\odclo (:,_ r::npleo !;:,_ 

slco C(ll1 lct Tierra y L\ l'obbci-)n q11.:: nct..c",il_._. 

r.í c>~c /',odt·lo p.::~r,l L1 pt-ó:-dma i1-c:r.-,ción. 
1 

[ n 1 él F i g • 7 . ',e ; 1 p r '" e" i . ' 1 ü e r L r 11 e t u r il ~]:: .1, -

r ,,¡ eJe 1 1 :o,:,.; 1 o. 

/\1 igual qtk en el t:r;d<:lo eJe [,:,¡:·!:•· ;;;.~.ico ,,_. 

pUC!UC ¡.>J.:tnt(~<Jr llrt,l f6r¡,¡,¡J;¡ ac-ner.::Jl jJiJI e: ]u~; 

diferentes ::·)deJos. ~c.L<l e~.; 

l.'.(i ,j ,>~; t ~1 )-~O( 1,>:; t ~1 )\t(j ,x; l1·1 )c~:·r·(-L (>:)d ( i ,_j) ).'.(i ,::;t. 1) 
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Q(i,J,>~;t+l) --espacio ü .KL,,,¡J,Jd <le:¡ iro :': 

O(i,j,x;t+l) 

11 (j" ... l·'·l ) • , ,., ' 1 

loc:Jiiznt'd cll ,_on,:¡ l• ')ri~,in~ 

do t-i 1 

do ó a e t i v i d ;, d r!> tipo ): ''n 

1 () ~ ()n ~~ :"lí i ~!'on _i_, ,del;lll~l~ el 

período t ~ 1 

Atr<,cción uc L• /Onn l c1 L:'·l•:_l_ 

cio cun~t¡·uit!o :) .:Je-t ivid<~ci 1 f 

exp(-i:(x)cJ(i,j)) - ";mp.:cf¿¡nci:~'p<-ll"é1 c·,¡• .. r:io 

construido 6 ;-ctiviclüc.l ck~ li 

1\(i,x;t+l) - f<lCtor de norrnaliL::nción, c"l-

CtJli-ldo corr.:): 

3ll 

- 1 
A ( i , >: ; ·l + i ) ( T ' ~ j , ~:; t 1-1 ):::x r, (- ,: ( ::) el ( i , _! ) ; ) 

pcclo ni origen e 

ti no J 

LrL(i,j,x;t+l) = ::;t~(i,j,·x;l!l).\1():) 
1 1 

( ' ,. 
··' 

-~ _, 



(lbt i f!lll~ •• 

...,-" 
~ (x) -= -:- ~ Q ( i , j , ;.: ; t + 1 ) 

l . .1 
:~-:o rr.-;-;1_) __ --------

1 

-:f o ( i 1 }, ; t + 1 ) 
1 -

-- toL1l d-.:- 9cn:•r<~c'or tle nc·-. 

1 ivid,"ld ó cc¡,~tCÍO construÍL~> 

L¿¡ Cílntidétcl de C!,p~¡ci0 c..onstrt1íJo en c<td.1 .t.c•n-1 

se C<JlcuLt: 
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F ( 1 1 j ; t ' 1 ) ~- J E ( i , _j ; t : 1 ) 1! ( j 1 t · 1 ) l' x p (- !.1 ( 7) c i ( ¡ , j ) ) Íl ( i ; ' · ; ) 

donde, 

F(l,-j ;t+l) ·- Esp¿¡cio construido loc:<11 iz.1dn :_·rt 

zonal con orig0n Pn zona J.., c'u­

r <Jn t L cl período l._ll • 

~E(l,j;t-:1)-= Ernplc11 tntzd en 7Cdl<~ i en p.:l"i~ 
J 

\:(j;t+i) 

do_t~i_. rn lnprim~l"ü itc¡·,;~,.j(,n 

l:~tv c ... ;dco us •c•lo el crr.1·1lc' :,_~ 

sico. L•···~¡u ~e ·.j¡,:¡cit• el c .. ·1! r> 

d .... ,.,~ l.. 
-..1 '- .... 

1\tr .. ;::.c i6n d-:: 1.1 zona Dest lncJ~ 

C" .::1 1 cul .-,_Jo CC111o: 



\ 1 ( j ; 1 i 1 ) L (j , '~ ; L + 1 ) 

E~ r:ecir ];:¡ ticr·r<l JisponiLlr• t'n <:Oild J. 

PXp (-ll ( /)J( J,j)) 

e iones. 

{',, (¡;t+l)-:: ( ·~ \! ( i ; t -: 1 ) ex p l- í¡{ 7) d ( i , J. ) ) -
1 

J . 

Luc~¡o L~l tot<1l dr~ espacio construirlo r_n L. ··o-

n .1 .i !. e e u 1 e u 1 d : 

F(j,t-tl)~~F(i,j;t+l) V (1) 

V(l) ·- C.:mtici;HI t()t.JI ,•e C'"J?i'.SJ_~:_c;_~_l __ u~;.::.J_rl;~,~,~~ 
Emplc0 LOl"ll urb.:1nu (l'.od·...:lo ítcr,iu:l.ll). 

Como puc·dc ob•,(!J v,,¡·se c:n L-.1 rGr.llu]¿¡ el ·:~.púeio 

con~;t¡ uído c,c loc,JI iz<.l com.1 ~Jcncr.-Jdor [hH' el cm 

pJcr; lol<:~l en 70n.:< orir¡cn 

J.:c; ~.r)J.JéJS destino j sC'r;ú11 );, ticrrn cli~, 1•onible ,_ 

y opl ic;¡¡~d':'l tJJld t::JS~I de: e!.>pilcio _construlc:o/cmplc'_¡, 

L.1 pobl;:::ci6n resírlcnciéll en cuela zono 1 ~-t· Cl.Jl 

cu 1 él: 



1 

H ( 1 , j , .t+l ) "5'~-('. ti')••(' t 1) ( r>(•3) '(' ')) (' t 1) ,_. '·• •• 1 , J ; - ! . .. J , ·f e:-: p ·· ,) , , 1' : , J 1, 1 , , 
.l 

tlontlc, 

R(i,j;t+l) "'Fm¡>lc-:o rcsi<'ente l\uc trnl>,)j.l c'n 

zona.!_ y vive en zon;) l,clur::n1tc 

pcrírJllo ~ 

¿:,. ( . . 1 \ • .... 1 t J ; t .. l 1 .... 

J 

H{j ,1+1) "" 

El•lpic:o t+l uriJ<Jno c:n zon.1 de or i 

g·~n .!. en rcrfndo ~ 

Atrncción An zona destino l pDrD 

poblcci6n rcsidcr~ial 0n pcr1otlo 

~.!l.· [!,te se cnlculaco.ne> J¡:¡ Céln­

tid.cHI de e~pacio construido para 

uso residcncidl, 

\·/ (j ; t + 1 ) = F(j;t+1} -(L:E(i,j;t+l)V(!)) 
J 

donde, 

V(~) ~ la cantid~d de csp~cio 

construido utili2~clo por 

el empleo, 

V(?..) -'To ta 1 . rlci ~.,:1C i o _ _s:_~¡::_ •; li'LJÍ do 
Tot.:d eJe bnplco 

u~.c;d•, : 0¡· .,,., 1¡ 
------· ---·--. •¡ . 

cxp(-3(8)ú(i ,j )) ~" "lmped¡_¡ncia' 1¡.>ilr·a loclll izCJción 

rcsidencl.::l entr~ zon¿¡ y 

zona j 
·- . 



1\ ( 1; t +1) · -= Fue tor de norn'"-, 1 l ZLIC i 6n, Cél l ::.u 1 éJ<:o 

como: 

!\ ( i ; t-t-1 ) ... ( /:~ \J (J ; u 1 ) e~ Ár (- H ( 8) d ( i , j ) ) ) -
1 

j 

lu<.:90 la población en .'OiiLI l se t:íllcub: 

1 ~ (j ; t -1 1 ) = ~~ 1\. (i' , j ; t + 1 ) • V (;; ) 
1 

c'-Jnde, 

V(:;:)-= La cuntidi:lc! ele pobl:Jci6n po1· c:mpko re­

sidente. 

V (3) ·- Pob 1_;~c._i_f~2....!2.!:_0_!___(j~:_:._f~~..:2.l~?..~,_u 
[mpleo total (l~ot_!._·lo l\e~io:1al). 

C01110 puede obsc1·var5e en 1 <J fónnu 1 él en Emp 1 eo 

<¡u·~ t r ,, b .:1 j o en z on n s ..!_ e::.. ü t r ¿¡ i Jo .:. 1 as z 011 el~; 

J po1· el csp<1_cio con~i.l"uHo ¡·csid:!llCiol y lu_.!_ 

go un fuctor de cscülu tr,.:nsformo cd i~1np1co 

residente en pobl~ción. 

L; c<Jntldc.d de empleo de servicio gcncr.:Jdo por 

la pob1..-Jcióll urbana en cad;¡ zon<1 se u!lcu1c1: 

E ( i , j ; t + 1 ) = P ( i ; t + 1 ) \ 1 (j , t + 1 ) ex p ( - B ( ') ) d ( 1 , j ) ) .'\ ( i ; t + 1 ) 

donde, 

C(i,j;?;t) :: F111pleo~<k '.C'rvicio que tr,1b~,j<t 

r~n zonal ~¡<..'n"l-odo por J,-J pobl.:: 

e [ón res i ti·~n tr! en zon.• ·1, en r.~ 

rT odo t-11 



l'(i;t-tl) 

du ¡"(H) te fh! r r (·do 1...:.:.1. 

H(j,t-tl):::: /\trJr.dón d~ L1 ~un.1 l P"~''' .;l ·~:~· 

pico dr.! scrvici0, duront.-· p.~I"Íorlo 

t+l 

\1 (: • t + 1 ) ~ L ( ( i J i ; t .L 1 ) 
í 

La <>LÍ ri::cíón ,.¡ O!ll;->lco 'l': S(•rvlcio (•S c·l emplí.~l) 

tct.::i por z.:>n<J, 

P :.= Pnr[1mctro c¡uc rcpre<.c:r:ta L!s ecu,lcion•~s el·~ . 

cscnl.J. del cn,pleo dt: ~;er·.,.;cio. 

de !jcrvic-io c·ntre le'. zono 

f:n le~ variabJc- [{i,j,7;c) k.JSti1 ~hora ~,uJo he; 

''1or, e-1lculudo ]¿¡ distribucirm c.k lo pohl::oció:1 

<Jlll' ~JCih~r<~rti l'l empleo <k <,crvicio. 

Pur<J calcuJ..:¡r el en.plco ele: sc·rvlcio se U->i"l ltl 

ta:.-.:J el:, empleo de <;,ervici0/pol>l<Jci6n. 

Formalmente, 

C(j,7;H1) ==~-E(l,j;t+l),V(I¡) 
1 

dondP, 

V(l;) ·- 1asn d~ c·mpleo ~t~rvicio-poblnci{,¡-¡ 

v (11) · · Emp 1 c_<?_!_<2!_:l_!_ri:_.:~: -·_cv_ ¡ ~-i~U.~CJ..'h:.!__c.:_ J~l!!~~--U 
Poui<tci6n tot. ¡ u·.oJ!;!IU l\, ~JI<)(:.)i)." ' 
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(¡¡Jculudo el emplc>o dr~ ~.crvlcio ~.r: ,Jiíndc ;:;1 

empleo btJ~.ico y el I··Hklo de [cli!ic.:Kior.c:; 

y Activid.Jdcs itr·r;, k1st<~ llc·~.~r n un c~.t;.•'n 

de ~qui 1 i[nio. 

¡\] f~uaJ CJ!l'; Cn cJ /',od,:lo de [ll~plco [);,siro 5C 

conc:;idcró, •,iguicn(:r¡ L• tr·Jdici(m de Lovny(l·)cl¡) 

convqnic:nlc~ incluir ':11 t:l /),odr:lo opciDn2~ p,¡-

t"<t prob¿¡r di~crcni..ec_, ti 11o'. ele rcc_,lr'iccion'.'S 

de planificc:.ción. í.llo puede se¡· irtstrum;:n­

tado po¡· '/:Jctoré'S uc: cn:ltt·ol p;-,rct diferente:. 

zonas y .lttivicJ~UCS 6 ((,),¡ ¡·cstricCi(;IIC~S d.:; J:n 

slclatl. t. .. s restricciottc·s ele c.h-:tl•,id;JJ func.io·· 

pJco !l:l'·ÍCO, c:J ClJ,JI ~.c. Í!1liÍCil C 1l Íorrl\.l di;·~¡r_: 

,,-,.J t i e a en 1 <l F i ~. (· . 

El /),ocblo de Tr¿¡nspo¡·tA estA 1 iq;·,r:o al 1\od(:lo lrn:ro - ll.!.:_ 

b<JrtO dc.:hiclo Ll que l<tS vari,¡i>]c•, h1n.lcJ•ncntoJI~'s que utili-

7<1 c;on tln¡·iv,viils de l<t tlistribuci<'·n de· activiclc:td'~!> c¡u;· 

re;:,) izo 1:1 /',ocJclo lntr,) - Urb;-.no. 

importi"lntP debido q~·.~ los 1\odcln·; ''E.c;t.lnd,li-"clc~ Tr~.n~.¡"Ín!'­

tc, 001HÍI; no existv Íttt<:rél<.CÍ('¡¡ Llltr..; L1 ]r¡c_¡¡]j;,lci(¡¡¡ ,;C' 

activÍci<ill~;~ y C!J <.Oo~:;¡o.-t.,mic.:nt:• 1:. J ~,j<,U·Ill.• ele· tt·¡,n•;pl)!'·' 

t~, re:,L,:n itnportémcl., ,_1) tr.-ns¡_,ot·te c:nmo it¡~,trumé!nto p·.:_ 

r ,, control ;¡r el tles;:¡rrollo ur il,ltJD. 

S irn<'•J C]ll•_' rl tr,lnsror;c e:.t:, ,,.)¡· lo ~J(·n:;t <JI b..:,jo rl e·.,!) 

trol r :-cctivo el·-· 1.-:::•, ,IIJiot·ld.--:dr•. ~·¡¡ bi::n ]r-¡,·tle~ C1 CL: 1 ·-
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·tr'.dc!-., (~~-. vvidt•ntc que p;11-<1 lnlnnt."lr control.:_¡r r.l cle<>.l 

rollo urb.mo ~~~.lt~ instrur.,,·nto, ]él pl::l'lificaci6n ci.::l 

f¡·;,n'-",port0., f'!; inlporttlflLt• clrbicb ;¡ L- f.Jctihilid.:;cl d...: 

ÍlllflélC LO c:r•J (" . 
• J 1 e, 

tc~ . .,.::J d~! Jr;m~.po¡·tr~ en el [;c..,.~~.-rollo IJrh.--.no. 

J.;, r··L1c.ión nnlrr• ~~1 /~Odl·lo lntr.J -ti,·b¿m.J y el ¡·,,_,cklo 

d•· fr;.n~po!"lt: ce, un¿¡ rel1:C j{1rr de rnutu~. interdc!pcnti,·r•cL~ 

L<1 lli~lribuci()n d(~ las c:cl ivid:H:L~:. qtw rcul iz<J el 1\odc-

' ¡._, lntr.:J-L'rb;mo f!Stií nelcllllin,,cJ;:¡ L.l1 pt~i \:(' por· Ll t',<'.\JÍ/. 

dt' üCC:(~5; b i 1 l d::.d entre ;:_ond~-, 1 ;¡ C.lltl 1 se dcsprcncJ..~ 1 :JS 

c;¡r,-¡cteristic<ts de lc:l Red u,:> Tr¡mc;portc·. La G0ncrnción 

de Vlujc:s en el nocJelo ele~ Trun<;portc-: c'~'¡Wndc de ]., ioc.-, 

1 ic-:•ción Jc b~. actlvid.:-:dec; y un c.1mbin e11 lu Joc;¡J iz¿¡­

c.i(•n d~· lns c~clividCJdes <1fect<1 !.:1 gen.-:r.1ci6n de vi;;jcs. 

A 1 111 i sruo ti cmpo Nl cnmb i ,) c~n In 9ene rnc i 6n de vi c~j 12 s r.) 

e n C' 1 e- o 11 ~le s l i (m .:l1ll i C' '1 t o , ¡ 1) 1 .--. k,.., tl n l e e t u L1 ti ;¡ t r i 7 <k: 

i:JCCt:...,ihi 1 idCJd lo ctréd <1ff'rt<:l l¿¡ local i::,.ci6n de ln~ .~e-

Actu,J!nL·nl':! el funcion;lmÍL!nln del t-:CJtklo de Tr<m"poítc 

no r'stE, tot~Jin:::nlt: acoplc~do al t1ocl'2.io lncrn- Urh;.n0. 

!Jl•bitlo ¡:¡ '.'!ll<l ciJ·cun~télncin y .::J L1 COi,lpL•jid¡_,d loil~t,J:' 

d~l lí•)o~Jo de triln<>porto nos l imiti'lrC:'1nos en el prc:-,entc 

1t:,-r:•rrw~ a re.-::1 i;•ar tllVl dec;crip<.ión b¡·c.vl! ,!e los colun.:n 

to·_. Cl:ntr.~lcs clc su estruc.IIJJ·,,, Fn un infornl:! str~~i-

(¡¡ rel;Jción entre el t:odclo de lr¡,¡¡·~porlc· y (·l 1~:}. 

clc•lo lntr<J- llrb,mo e~ lll1<1 relac-ión r.:.Í!; l'!",tr._ .. hi' 

<¡W! la que l'YÍ~.te El /~;.:_.Ir¡ r·.·~~¡Í(Ij¡;rl y el /',:-'-dvlo 

Jnlr;¡ - llrb.-.no. 



corn un p¡·nce!,O i t r~¡·;¡ ti vn, ·.· 1 Cll:"rl pw•·.ll· .l¡>r"C i .)_:: 

se en l.J ri ~~: 8, 
e: • .., 1 Llil e .• ;n;, i o 

or.livi<·<~·l·.:s, l.:1 rr_·.Lción cntr-~· el L:s, f'c,p.·cif ico­

lilt~nll' lo~. flujos ti.:: t¡·;m•,pnrtr __ c.·:~11bian Lllli':! J¡¡r; 

r: ~. l o él f r• e t :. 1 ·• e o 1 , ~F · '- l i (in cJ e 1 o~ 

red ele: trnn~;port(· y cd tien¡¡_,., e:-.' vi.:1jc crft1·2 zo-
1 

ntlS, lo curd concluc:c• ;1 ct.:rnbi.11 L_; ~~.otri<: ck• /\ccc~.i 

d<~lo lnlril - Urbélr10, 

triz c.Ju i1CCcsibilichd c·n el ;:c,r:,~lo lnt¡·a- Urbano 

rstc proccs'J itcl.•l iv.r ~.{'repite lusl<l 

llctJilr ;¡ un esl.:Jdo de cqui 1 il>ri~>. 

r.1 1·\od"lo de Trun·.portc cst:, dividido en Cltlti'O 

Sub-rlo·lr•l o~: funcJ~,,,,,_ .. ,Jl.~ 1 P. S: 

F11 r! .. tc Sub-l:ocll:lo el nÍ:¡,:•ro eJe viz:jc·c; tJt.:ll'-~1-" 

do~ (Oriqen () Dt.:stino) C'• tll.!terminad0 en C<'ld;. 

tli•Jt¡·ilnrye lo:~ ;j,,jt::'i ~l~'ll"l.:lrÍu•, ('n el /:odc~lo 

,de Cc.!w~r.:-ciórl c·rr::r·L· l.:¡•; dif-~,·.~ntes .-or¡.~·; y 1.!11 

lus diíc1 ente·. 'nr>dos. 
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1 • 3 

C-llcldu lil l·lutriz d-..! vlajc·s, cuyn elemr~111.u ti 

• ·r ( • ' 1 ) t 1 • d ' · prco, 1.,1;.~ rPprc~s.¿n :1 e> ntr .. Y'ro ~ "'"Jt~s 

quc.: van lÍ;' li1 zonil origen ii la zc>né'l cle'.t ino 

j por <!l moc:o !.:_ (píiV;Jdo, bu',.!"•, ¡•te). [sLJ 

distribución util i.t.<l un modelo el;! intcl·~)ci(l,¡ 

1 :1 en t ro p í < 1 • r' a r <l r e ,, l 1 ¿: i:l r 1 " l 1 i ... t r i bu e i tm 

dr· VI<:Jr:~. <·~; ncceS<Irin c..onocer r:l costo d(: ':i:• 

jc entre zonnr: por l11c,d'Js C ( i ,j ,k). Cn J¡, pr.i_ 

m~rn lleraciór. solo ~-o:.: ti0.ne Ulo,l ideii <1prm:irn.~! 

dü de este vDior pcrn su vnlor !:;C cJjust.:J (';¡ 

r.l Subno,;,.¡() Je Co:.to 0cncral i:--.Hlo, 

Sub-l~ocl--·1() dt'· 

[n e 1 liode 1..., u~ As i an<~c- i 6n en é 1 1 os vi ;¡j (!~ 

T(i,j,k) c;:,lcul:Jdos po1· el ~\odclo de Distrib11 

cl6n y División t\ocl.Jl :.on 0~i~lfl·ld:.>s d In l~c!d 

dr! Trélnsporte, os d·~cir <• su conjunto cic í1r·· 

cos y nodos. Los difcr·~11tcs 1110c:os de tr.lll'-­

portc ticnr'n un coro~pc:.r·t.~rniento diicrentf! ¡:-.'o,­

lo que cxi:.tt difcrcnl•' nsl~¡n¡¡cioncs paril /\11 

tos Pr.ivéldos, fluse;s, Por puc~to, ¡·,<:tro, y f·r~o~ 

tones. El ~\odclo llc /\signiici6n es de tipo 

probabill!.tico y en e! c.-.so dc:.l Tr,1nsporte p(, 

bllco, cuy¿1s rut.lS !.on cor.ocid •. é., ;,si9n;:¡ p.l'-~: 

jc1·os ;:, In rut.1. Cr1 el C<1SO por l':odo PL'utOJ•.:-11, 

no se tornéln f!n cucnt.:1 rcstríccionc-; de C;'!f-'<1-

r:ldé.!d y la .,~,i9n<1CÍ611 C'S por cundno:::, minim,1-

lr:s. Pur:J los otros :¡;ocios J¿¡ con~1 ·~.ti6n <1fc~ 

tn el tÍl:n;;J() del vi<¡jc y este n lo~ asTgnnci(, 1, 
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diferentes !liOdo:, k <.omn úi• c-nslo ele vic~jl' (1(-' 
~-

ncr.:il lzJdo. C(i ,j ;k). LiJ rullCÍ(~:-1 d:· Cl)~,tn 

es compiejil y difr:•c:ntl! !';:,·..; In:.. mocu',, ri ob 

Jeto dr. ello os po<lc·r ¡,¡;,nl 1oul;1r c.on prn¡/l::,i­

tos de plunlfic.Jci(m t·st;:¡ íunción di;! co:_-l') fl.~~ 

(C) nbt•~nHl" divis¡unt~~ lnOcl<Jlc~·. <¡1J..~ ::;e;:m, ¡:ror t• 

jemplo ¡r,.Js fnvor;oble al tran!.porle públlc:n. 

Por P-llo se ll"lcluyc en est<' función el i.ic1::;w 

culada el costo por mut:o,sc! culcula c:n el cu_~:. 

gcner.:,l iz<Jdo entrt· ::on.1s que es C'nlr;odil p<lra 

CdlcuLll- L;; nucv,1 lil<Jtriz d .. ~ ;,cccsibilid .. rl que:· 

a 1 equ i 1 i br 1 o. 



1: 1 

1·\0DE LO D 1 ~ F 1.1 /'d.l!,I\C 1 Oi J 

2. El Proc~so de Ev~luJci~n 

:L l:structurd del 1-!oclelo (t~ODEVA) 



lu e~co~r;ncla cb una úC Ll:; altcrnotlvc-1~ .• signific¡; una l~V:~ 

lu;.clón entre ias dist1ntfl:. alre::rn<.~t!J,I~; ~;cn•.!rndw. en lil ·.:­

t.:Jpa ;-ntcrior, 

Cxi~,te un~ te::rcL:r,l el<.JPQf que no <,icr,¡:,¡·v es Incluido en nl r-•-; 

quc.m;t llntcrio:- C:Lh~ es el ! 1c<,nlrol del dise;'lo a tl"nvl'·s cl. . .:l 

tlcllipn". [sto irnplicn otr·o tipo eJe -:.·vé.luoción, ,.¡ cJ,..:J cn¡n~ 

pórt;¡;¡¡j...:;11LO del cii~ . .::1'io en fonn.J dint1.llir.;~. 

En i<J pr{;ctÍC;) •:l rldJ¡ific.;;,;r)l- c;l~'rllpr(! tic..:n~ qL•ü ')-.(.Q~l('r ::.n 

tre altsrnutív.::s CO'l'fJCdtivos. 

E•;td cso..>~rnciu s0hace hoy en c1!a en fr¡¡-,u,l suhj·.; .. iv .• , utili 

zando lo c;:pcric.nci;¡ ccumu);¡cl~ .• d\) L:x;to:, y frt~c<~:.c·~·· Hdy 

ta:nhil>n ql!c to:1~;u en cuent;J que OiuChiJS de lns deci::..ion~s 

críti. ~; ur.b<mas, son ue tip') politlco (:n el CJUC· el pl<mifi 

C<Jdor ti c.:ne poc,1 p.Jrt i e i p:1c i ón 1 col; rnucllils vece~. e 1 tr.:1b~- · 

jo del pbnif ÍCilJcq· Se j ÍfílÍla ¿¡J rstudio dt~) efecto poslti· 

vo ~ ne~<:Jtlvo d~ un¡:, s"erlc ele dccisioiiC..S tt1rlhld<:r. <l ¡~riori. 

Con el ndvenirniCilfO o sur~;irrtlc~nto de lo•, rr.ode]o<; ll•<lll:u.'Jt.i­

cos, el planlficéJdnr c~.t{¡ cr• rll!!]or ~.ltu;lción, y puede: prl!­

vec.¡· In~, efecto:.. dé! clert:lS politic:-:, ;.nle:. de c:u,! ~.e¿J!t i~ 

plcn~::ntüdas. Con ],)S rnoJcln·, r·¡¡Jt(•r¡,,'¡tfco:.; se pueden ~r~n,:­

l'<lr muc..l1<1'> <~ltt~rnatlvas diíer·<:lltes d~l !:Ís.tcrn:1 ur!_.,HI(l, in­

trnduckn~lo C.:J•llblo$ 1 por c:j~·mplo (;¡¡ ti;:; r•.!U vl.:-~1, en 1<~ lo­

Cdl iz.H ión de <~ctividMk:;, \'le, y ~~:,t 1udí.,l· los efr.clos d:! 

\ 
1 

\ 



esto~ C'<l!n!Jios en el ~istemu qlobal. 

Ahor.1 Lit'n, a la Jl.:lt' de lur, dcscri¡.>clor,t:c, pn::cls¿\~, y Clt< • .J­

tific<Jblr:~ que del sistema urbano dQn lo:. modelo~; ur·b.~IVis, 
es necPS<Jrio disponer dy un ~.i:.ll:lnd que cv,llúc ck·:.,crir.•-

cionc•:., ,_.,¡ form.:~ rncion.1l. [•,tt' ~,istemcJ ~.'~rí.1, un hJdc·ln 

el cu.:~l pr·ovccrá ni planific.-¡;lor dl' un 1'si•,tt:n1a de: l v,,Ju~~-

clón mcdirid l,n' eficir.::ncia d..::l funcion<J,,Jicnto de la ciud:Jd, 1 

la sulud cJ¡• lu ~iudo~c:", en tór,llÍnos del r.iv,d de s.1t i•,f;:c-

ci6n de: 1~{; nc"!cc~id:-¡cJ~s rlc la l:,:.~'orí.; dL: L1 ciucJad,·ni,~, 

r<Jr 1 os :.upuc!s tos ccm 1 os que ~e VdiJ a t r .1b. j .:~r e1t 1 J forn'.!:! 

I<Jción cL:I 1·\rJdclo Evaluativo: 

1. Todos los habitantes tlcnc·n í~u<:d ini¡J•:,rt.:H1CiLI, o s~.il u 

mayor CuntidiJd de person.:~s lwr¡cfi-ci,ld,.s, rnejor c.;" la 

.::llter·w,tiva que se cvnlúa, 

2. Los ct"iterios de C!Vuluacfun no son propl<lS dC!I /~ock·lo, 
sino fijudos por el ciucl<~tJ.:r.o comC1n, los pl.:mlíic<•dores 
y r~o 1 i ti cos. 

Cnn esto se int~::.-nta que J.; ciudad no sc•;1 evillu.¡c.h /'Or 

los int,!rescs de un mismo · ,·cln¡·, 

3. En 1.: eluborac.ión del tlodclo [v.lluntivo ~.e prefic·n: Ll 

sirn¡)] iciducl versu:.. co,nplc:j i<'."HI, 

1~. La ('V,lltroJción, c::s un proce·~·) t1tJC con:.i~l'' t::n UJJ di.1sr•Ó1_ 

tlco de la silu<1ci6n, Pnr;¡ l:so lwcen hrlta mod2l(¡:, c;u~ 
clc5crlb;m l.:1 rcül iJ;¡J (hod··Jn~ de estructura urb;•r,.¡, 

etc). y un modelo norm.:~t ivo <¡L!<: dr:scrilJit 1.: situ¡~ción 
dc•,;e:·:-.blC'. [J i'l~p.!CtO crftí<,·O c!c <'Stc pruce~o C:S l;; t'Liu.Q 

tlficoclón de esta situ,-:¡ciól.l considc·r,,c!_:-, como non,,:,tl-

va qu? corr.p<~rild<t con la ~.i tr:J<Jción rt'<JI de Id 'mc·diJ,, r:c 
1 

tleí i e r l:r1C i lJ o i!llOrnw 1 i d2c: e!,/~ 1 : i ~J LL:fll-.1 Ur·IJ,.:,o.' 

1 

' 1 

1 
1 



loe; í.~ctore~ m:1s cl~tcrmi:~·"•tes de ln C!>tructur .. • u¡ IJ,·m;¡ 

y L,mbién ele ¡:r¡ucllos factorc~ soLre los cuah~s c.l pl:•. 

n j f ic:,dor t Íl:nc- ¡,¡;,yor con t 1 o 1, 

' ' r CVéll U.:lC i '.•.) i lcv~1r.'í L'n 'osto l!soci.:Hlo. 

de Llilü iJJ•.•did,, (·C b..:•H:ficir. ;¡la COíliUfli(',d y de llói.; nlC'­

dic!,l l\! co~;to ¡:, lu:, c1~_F-~nlí'', (1'.0 impJc¡,¡:;r¡t;Jci6n, 

Cn lü prírn~.r.-~ parte eJe! infoncl(! (lcfininos el procc~o el!: e­

Vt:•lunr:i(·:: C~"•mo lOJ comp;:-.¡-¡Jcióll ci.·l cstt:H!o r•: .. 1l ele IJII<~ V.t-

rl~JIJle: c.on <.:1 cst;Jdo norm.:~tivo, o !.><•tisí.,ctorio de e<,;¡ V<l­

r i iJb 1 e. 

Cu.Jndo Ull n/:dico ho-JCC> un di<:Jc)nÓ'~tico de U•1 paciente lo c¡uc 

h~Ct! e~ compc>i"<lr el ~~':.t.c;rlo rcnl dc·l orgoni~.:iiO del pé'lc:icntc 

con un p.·:tr6n de funr:iondmlcnto ,,,·cpt¿.L•J,~ ,181 org~nisnu hu 

111<~110. 

Cl•ondo t.Ste clio<JnÓstico se hnc~ ¡Jl :,isté.:hl·' 11r: ... ~no, ¡,-, <iiiJ.. 

cultad ,)¡J.1r,..:ce ¡:¡) tr<"llnr Je est;d,]c:c.cr el ¡ntr·on- de íu,¡cjr, 

nnmicnto ':dtisf.:Jctorio o .Jceptnílle Jcl si~.1ern.1. El nlvel 

c'e lo (]Uf! se cOn!>iclc:t·.:l 11 élcept<~hlL" 11 cnmbi¿, lc111poralmcr¡tc• y 

pi)ril mucho~; es e!l niv .. d míni111o que h<.~y que proveer '' 1 ., " 

C'~ .• SO dr! C Í I!~~~ • .Jc;o; 11•Ccl Í (lii.J~ , :,e; pt:r•d: CS t;¡b J ( C~· r que e J V Í u­

jr: p¡·c,medic, ;.) tr;Jbujo debcric1 dpi'0XIIli<JrSc ;, '} klfóm.:irc.•s 

)' ~¡ vi<'jc- prc.•:n~cllo u lo~ servicio:;;:¡ 1 l~iL .. •<.:tro •. 

[·~fir¡fr f(,ch<; los nlv:::lcs de nor,n:;) ld,.Jd p.-¡ra C<~cJ.:.~ vari;li.J)·~, 
(d.:nsld~r!e:s resi¿cnc-i.:Jlr-:s, cmp.lc:o, etc), imrlirn un es!:udle, 

1¡1¡ 



qu:; dcbt.! ~er n·allzildo por t>l or~<1nhc1o o ügcntcs de decl~io 
nvs (]U~ renlicPn la p);¡¡,jffcoció:l, 

Cu<'~Hio .... ~entra en el pr·oblema de In compar.:¡cl(,n lk:l cst; ... : . .J 

rc.:d y r1orm~~tivu de un.:1 v.1riélble sur<;<.! el prc,blclll<J el:'! qu•:! no 

tod<1S l<ts v;¡rJ.lblcs tlcner1 el mi~.IIICJ 1·ip0 de co,¡¡,,ort0micnLo, 

o un.J 1nisrn<1 e:.truturél norrnc1tiva. l·or ejemplo,¿¡) aumcnlé1!" 

ül V<:lor de un¿¡ vnrl.•blc no nect3suri<•l:2nle no::; <•Ce¡·cumos <1 

un 6pti~1o; pucdC! suceder todo lo C:ún~~-.Jrlo. 

Del unfdisls rcalizndo se cJ;:¡sfíic<Jcinn tres tipo~; c:c Vdri.-~ 
L 1 e~;: 

Tipo \1.:1rluble Puntual 

Tipo 2 V<lrldble Oecremc:ntal 

Tipo 3 Vnri.ablc lncrcmcnt<ll. 

Est0s varl.:~bl<.;s hoy qyc rcducirlu~ <1 un slstclllt na¡·méltiv0 

<.O:liLJn, C'S decir un sisto1na en el cuc~l un ulloJh::llto du v.llor 

de li) varlttblc sl9niflquc un bc:neficio. r'<H.1 r·llo se k·•• 

el<lb0rado las siouientes fórmulas: 

TIPO 1 

TIPO 2 

TIPO 3 

don eh~, 

EV 1\ --

EVA = S 
V 

CVA == V 
S 

S 

1 v-s 1 -: s 

V - v~rl~ble original 

·s -- E~tz:ncl<Jrd asocl¿Jclo <1 la vorié.ble orlglnul 

CV/\ :- Vori.Jbl(! en un s!ste;n.l norrn.ctivll común, 



1 
1 
1 l 

/!-, ..... , 
1 1 \ . 

-) 1 '1 (--,-----7 11 \ l/ : ,: ___ ~J:..-::. 
o seo !ooo rrh 

o 

)'> L Or; 

t¡{, 
J 

o 

<---~ 

------. __ _,_ ______ L __ 

lo ?..o k.fYl. 

.............. .....__ ______ _ 
, _________ 1 

'J J f> () .i P U N T 1 l /• 1 . 

I:j. llf· O S :i r.l.J d 

TIF'O ~> u e e J{ e 1; L: JJ T t. 1 , 

~ j . A ('(: e _s .Lld l t d a d 

Huido 

éontamin.)C'ión 

Til'O 3 

1' }'O V l S l Ó JI el C: :; !.' r· V i C i ü :~ . ' 

la fJech.] ind.ic;¡ .lél clj!'f .:::ción d<.! llll·jc·~'.l. 



E5te proceso de ev~lunción es muy flexible y se puede npl 1-

car a topn tipo de variable cu~ntificabl~. lnicialm~ntc ~e 

9ener6 unn 1 ista de una doscil!ntLJs vari.Jblcs, que se estru5: 

turc:~ron en función ele su causéJI id¡:¡d. Debic!D· u las 1 i1·,,¡ L~-

cioncs ele los modc~los dc;scrlptivos (en este CilSO los J-iodr..:los 

rncncion;¡clos en los apartes anteriores), y lr1 llrnitél(lo d<:l 

Cümpo cler1tro del Clli'!l actüan los pl,.mific-:-Jdorcs se redujeron 

lns vanl<:bles u un1 dieciocho (6 veinte) que~ se c,ansidcr¡-¡ron 

Claves J;.J/"é.J Ja eV<l
1 U.JC:ión de Un.-. proposiCÚil de dCSéll"rOJ]o U/" 

ban<.~. Loe:; variable~ forman CU<llro ~rupos o fcmlliar de v.r-

rl ab 1 es que son: 

fJENS 1 DADcS 

1 • Dcnsfd;;¡d residenciul ncfa 

2. Densidad resiclcnclal bruto 

3. D~ns i cJ,,d de empleo 

lf. lntensid,1d de construcción, 

ACCESIBILIDAD: 

5. Distc,ncla promedio entre ZOil.JS 

6. O i s Lmc 1 a promc:dio al trúb,-,_; o 

7. u·; !;. t él/lC i <J prom<:'!c: lo él servicios, 

OPORTUI~ 1 QfiD: 

8. Oportunidnd eJe trab.:~jo 
(> Oport.unidod de servicio~ ·' . 

1 o. Opor·tunidad de educación p r 1 mor in 

11 • Oportuniclnd de r:dUCi"IC Í Ón rr.cuio 

1 2 • Oportun i ciud d~ é.lslstencia /oil!d i Cü 0 

4G 

------~-----



i). r·rov Í S! Óll cl~ V 1 V! Cl1(:~¡ 

1 ~~. P rov i :. i 61' de; <19uu 

1 ,-
-' . P r ov i s i é•n de e 1 íléJ e'' ~' • 

1 ( . Provl -~ ión de C'lcctrlciddd 

1 ·¡, rrov í :. i -:,,, Jc p ,1 re¡ u·-~~; lnf<~nti le:, 

~~~ p,,-ovl s lón d:! ~r¿uc, \'(!(l.h~So 

tiv.1 y que cd plnnten:nicnto teórico del mc,tblo es Cdp<l7 ci<: 

lnclulr ctr<~s varl~bles cu2ntlfic~blc~. 

Ln c~t.ructur.J del 11ocle1fJ_t.:!Vélluntivo, ]lomado f'.ODEV!\, pLh e':-~ 

v.:.·r'>e Cl) ln fi9. 9. P<~rC\ c.1dw .-:~ltern<1livu de desnr¡·ollo 

.:>1 modelo ~.iauc· iiJS sigukntcs et;,p.-o~.: 

~.1 Tr;m:-;í,'rt~llcia de l.:.Js v.-n·iabl(·:> de los 1\ndc·los Descri2. 

ti vos. 

·--"lo~, 1-'iocblos dcscrl 1Jtivos, c:spccialm:!r.lc: d~ los f¡~-~ 

cJl;los C.:c cstr'ucturn urb.Jr"J• ó Sf'ü pobloci6n, CIT,plco, 

csrncio constru1do, tierra disponible, y dl~tancl~ 

entre zoncJs. 

Lc1:. lnsu,nos princ.lp~Jirs eJe 1\:Hlcwa son: 

V2ri.Jble: L.,~ vnrl.:blcs dl! C'v,_-.lu,'c.ió."'" !.U tipo c-~.t-·p,-

dard, y pe'>ü. 



Cneflcicntcs: Los co~flC'it::nle~ de dcnJnnd<l de !>ervicios 

uriJ¿¡nos. 

Costos: Los índices de co~>tos de provisión ele ~.ervi-
e los. 

3.3 C61clilo de las V<:.~rinblcs de [vc:1luacit•n. 

El c[Jluclo de J.:,s vuriables de cvnluaci6n se h.,,._. 1 .. ··--

dlante cu<~ntro subrutinas c~.re:ciulcs, una puré'! c,lrlu 

gru¡Jo de variable~-; que son: cknsid<Jd, ucccsibiliu.ld, 

oportuniti<Hl y provisión de !.•~rviclos. l;1s f6rm·J];,c; 

gencr~les de eneJa subrutinn ~nn la~ si9uientc~: 

VaricJbles: Vüri<Jbll·s de cv;_.ltJ<c..ión, su tipo, cstnlldi"•l·d 

y p~so. 

S UflrW 1 1 J.!:'\ 

Ol.:USID 

/\CESú 

FO;~!IUU·. 

pi 
Vi ::: 

1\i 

V 1 -- }l 
j =-l 

:!_!j_._,G' T i i 

Y_: /ITV i _j 
j'=-1 

40 

Of'OítT. 
V 1 -· n 

~-

i::: l 

C/lf' 1 • e;xp (- :1. :·1 i j ) 

n-~-~ . c.l~:l~i j)-?-: J 
jo-.¡ 

Pi10V/~ 
V 1 ·• C.ll.P 1 

p 1. Cj 



1' roL 1 Dei (•n 6 per ~·' 1n ·, '; 

/\ -· /\rt>d 

¡; .. 11! S t.. me- i ét 

111\1 11nt r i .' d(! Vi aj <: ~ 

C/'J C~pioG Í Ci<.d d·~ 1 5 j e, t< ·¡,·¡;l urO,HIO 

e = CocfiL.icnt~ de cL;rtlt..lndr"\. 

3.1! [v.:J1uaci6n 

lJncJ vez c,¡J.::ul¡:¡dos los vc1lores d ... 12~; vari;:,Ldc~ por 

l~s suLrulinn~ mencion~clos, se i11troducPn esto~ va­

br~~s en un arr""!~¡lo Vij, Según '(:l tipo de l<l v.~ri.9... 

blc se trc::nsticre el co,.trol a IJI!~ Lk~ las trcC'> in<:.·· 

jr·uccion(!~, qur: coloqt''!n l.:.1s vari<,bles en un ~iste.·· 

1 t PCl ,1 .. EVA ¡. 
.1 -- ~-. j 

TVíJ="-~. q---:::- S j 

. 
EVA iJ ~; • J 

- ----
Vij 

EVA ij -- Vi j 
Sj 

T 1 ro J ·- 3 

V = v 0 r i .::1 u l e 

= suscrito de la ?on~ urb~na 



Este proceclimk;,to, ele compar.:1r el v,1lor de la varla­

i)J~ con un c~.t.-,ndOJrd, fon,,a el J1spcr.to central de pr~ 
cr ~o de cvalu<Jc.:ión propuc:c;to. En ello se convit!rte 

L. m::1triz Vij (!,_! var·ln:)J, s de divers.Js escoJas de l•lc!­

oic:ción en unt~ m.J,trlz [V/',iJ que posee una cstructuru 

prob.:-,bilfstic;, común donclr~ .tod<:~~ L<s vnriablcs se r.li-

den en form;r simi•lur. Los cl,emcntos de esta lll·:l1riL 
\ ' 

se IilLJitipl .. ic;an lrrr:go por lus peso<> c.!,: la v.:lrL-dJ}e; y 

t.-!.-nu i én de !.:1 zonu. 

EVA_ CVA ij • P[SQ . ~¡ 
POD • TO,T/\L 

donde, 

Prso. = peso de 1 a var L-.1) 1?. j 
J 

------------P-.--:.;=-pob-1-.-:c-ión-rcs+dc:nc+¡:-,-J-en-;(n¡,-;:r-¡ 
1 

La osignaciór1 de los pesos a cada V<•ri,Jblc es unu et.-:­

Jld cdtica en el proceso do evalu.Jci611. 

SI se quiere CJW! el v¡¡Jor norrnotivo asign.Jdo rc·pn:sentc! 

lél opinión C:c los v;•rios scctore~. de la comunidncl. (f-\e-

sitL~ntc:s, Políticos, f'l;mificétdort.•~) dc•b2 hacL~rsc un 

censo de opinior.cs de e5tos <Jrupos y dc·riv<~r normas y 

rc~.o::; compuesto!>. 

Un C<~niÍno posible serf¿¡ el de utili.;:¡-¡r I.J misr:1.:1 e:.,truc 

turc~ tic Vé.lri¡-¡bJcs qu<..! se u:r!I1Cion6 OJl inicio eJe Loslc: in­

fon,K:. La ViJrf.-;IJ}~ que incfcl;1 o infliJ)'.J sobr-e· un nímC!-

ro ~r.·mdc de otr.Js Vt1rj¡¡!JJcs 

un rc~,o .:Jito. 



: q·j,, de scr•d:ic• en L ••. ,,, ":0•1•1 ,·e·]¡¡ ciuc:,),; y po1· 

<<~<h ,·úio, T~.11bién hace· u:·¡¡¡ PSí.iLI·••:.iGn del co',\\J l;" 

u o 1 í v ~J res , p,. r <1 e <J<J ~l u r. o 

._. ·, r: u : l il s p r i ', 1.¡ r i . .J ,, 

,, i v i (; n d ;:t 

~le u e d u e t. o 

' •·e los 1 a • ' (' 1 . j : 1 ¡ ~ 1 ') ...... 

- ~) 1 -
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, .. 

!¡ • uw.r tn, ·.n 1 oc. F 1 ¡ lf·,Lrs f·.L 1\ClllL= r o, n:: :::v /\Lur,c 1 or~ --··-·---.·------... -----------~-------

E>:is'ten unn serie de vcrl.:.~l;lC's o indícadore5 f!-;,icos y ~ot..tí) 

!..On: i~llcro-cl irn<J, ~.e;qu::.r.l.-Jd ck:l suh··~.uclo, Jistribuc.;ó··¡ ·<':--

le.~ Ví·~t~:t<Jcióli, mobí llduJ rur.1l ~ c~.t ructurn f<lllli l i,1r, m1r11 .: .. 

ci•:Hl, rcl<Jc.íoncs soci<dvs, rlc;l inct:.->ncÍJ, etc ,·pero el tr~. 

LtlriÍL'Ilto tlco c:~ti1s variclbll~S slanific:. el de:;;¡rrollo de un<l 
• 1 1 ! '.erre ue concc·pt.os soc n-c.:con<.\nlco::;. quC! 1 1 cv<1r í nn en cc .. m-

pi ic:.Jr _el ilJI>(!clo, y nLrc·,t'r·.• 1ntcr~!" p.1ro c:st.J ct;:po~ de u.-_. 
b;·jo es mLintcnc·r la estructura lo rn!~. :>imrle posible. si11 

.• ,.,......-~qfi2·-:,~ .. -~Jerdél por ello J.¡ C<lp<tcid;:tci de cvDlui)r lii•.:J 1·eal id~¡,; .. ;/'"' 
:,,. ,. ........ ..-.. d .. '· ~ r j t c1. ,.,. . 

\ 
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ESTRUCTURA- -GENERAL DEL CONJUNTO DE 
f¡g 10 

ENTRADA 1 MODELOS 

1 
MODELO REGIONAL 

lr-INVE-Rs~:-'". ~~@· ODE~O l::f~-
REGIONAL )---- DELO 

1 POR SECTOR// ECO~JOMiCO OGRAFICO 

1 1 -,-

¡ ;~~L~g:o~ 
1 
_________ ] ~P:LACION 

RE G ¡O N POR REGIO N 
L--___ ___j 

MODELOS 

1 
1 SALIDA 

·-l 
1 
1 

1 
1 

1 

E M P LE ,; r- ,} 11 SLC.fvlt 

y HE G' 1 ü N 

SfCTOH 

ECONOMICO Y REG!ON 

-:O D ~~ :-: ;·R A U ~~A N-0-- ---t- -· -- ---- ------ ---- --- ---- --
TIE;~RA 

Y ACCSEBIUOAD 

I~NVERSIONES EN . 
EDIFICACIONES E 

( lNFRAESTRUCTURÁ 

MATRIZ DE 
ACCESIBILIDAD 

MODELO DE 
LOCALIZACION 

EMPLEO BASICO 

EMPLEO 

i 
LOCALIZADO 
POR ZONAS 

EúiFICACIONES 

Y SERVICIOS 
POR ZONA 

1 
~----

r------
COMPROBACI O] 
TOTAL P08LACION 

--·---~' Y EMPLEO , ----

MODELO 

RESiDENCIAL 

POBLACION 

POR ZONAS 
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Ediled by M1chael B. Teilz 

Formu/,¡tioll t~/ tb.- ,\fuJ.:I 
Let u> con,adc:r a regHm woth TI zono (lllllllbnul lrom 
1 10 n)o lla>l< cmployllluH 11 .1\>Uil•td lo bt gll<'ll f0r 
the mornenl, aruJ can be r cpr c'cuttd ·'' .111 11-\ tt lUlo 

Restdt·ntJ<J! lo{ <JttOn of IN>Ir <Id tlup t, TJ.,. fl ,.. 

Jelllrallocatwn of b.o~1c tomploHLO~ "[uuud by llaLolm o[ J 

iournc-y to homc- /ullc/lon ,/,1 whll h dJ>trlblll<' lh< rtol· 
Jenccs of peuple workrng 111 .111) 1o11C 1 m<r . .11 1 o'l<> ¡ 

in accordance wnh obscrvtd l•< h,¡·.aur or '"'llc 1110d.l 
Furthcr nn.rluplruuun by ti1L J.,J1or p.trtiCijl.lllu:J r.•t•. m 

zonc ¡. u 1 wl!l gil e the ba;h !,o¡Jul.tl•on l1V111g 111 ¡. 

P"= I:."A := 1:1'A'I .,¡ ( 1) 

where'P"=(I\", P 2", ••• !'/', o •• 1',,1') 1s ¡J,,. J,,, 
ulatwn vector, 

A==laaJ]=[.i'r1",],' 

A'::: I:.'IJj r~ the JO!tln<oy lo ltomt d!'>ll•l•ll•:on 101.1-
Robert A. Ga.rin trix, 

/nlrcduction 
In rhe past fiftcen y~:ars n•aP} models havc bccn devd­
o¡•< d m 1he fidd of urhan pl:mnmg The e.Jrltcr attempls 
f .. , u;;cd musdy on the transportat•on spt~m--traffic th~­

lnhutwn or aSSJg!1mt:IH-Ill.Jlnly brca~se they wcn· pro­
l""t"d for applltallon m melropolllan transportauon ~tud­
•n More rcccntly, howe\'cr, •ncreJsmg JllentJOn h.1s 
h« n d1n llul towarJ modd~ f,¡r rhc allocauon of actlvJiles 
111 urh.1n .neas, co11ccrn¡ng the J¡~tnl>utlon of res¡Jenti.JI, 
u11:unt rlt.JI, Jmlu~tn.al, a11d o1hcr la11d use~ over space. 

A filO'>! 1mportant o11c among tht~t·, the Lowry tvfod::l, 
mt~ .111 il<.:ratal'e protcdurc 10 gencr.lte a thslnbullOn of 
< 111ployr11ellt a11J popul.uwn m .1 region from a g1vcn 
dl'>lnlHitiOII of cmployment 111 thc b.1~1c ~tctor (Thcobas1c 
\ltiUf OCft: !S Jl"finnJ .!S tO!I\I~ling of thme lCliVIIi~S 

"!." h .trt loc.J!IOII.illy toxoguJOUI, tlw~e whKh .1re con­
,,,¡, rul lo lot.ltt· l!ld<J" ndu11ly o! ¡l¡e hc.111on uf o1her 
.ll 11\'IIIC.'~ ) 

.\1 t.lth lltr.lllllll, .111 .oddruonal pupul:nwn and tht' 

11011 "·"" ''"PI") llllll! lltlt>'>-'\Y tu strvc ll are generattd 
.11111 cl"trll>IHul '"' r rl11 .ore.• The procedur~ os >toppcd 
·" """' ,.., 101.ol 1"'1"'1.""111 111 1hc nogwn n:.IChes '>Ome 
pruktullllflul \.oltH. Jo:or ,,;>lance, m thc Bay Arc.t 

Sullui.I!Jon Study l<'>! modt 1, unly fivc Hualluns wne 
lltlllcd lo ~.lll'>fy thl'> rond111un. 

llowuer, such ..1 uHJ>traml addul mercly 10 prcvent 
.111 lflllfll!C numbcr uf lltr.I!IOII~ of thc ~y~tt:lil IS arbJtrary, 
ll •~ rwt neu~~.ny for thc Cllflccplu.il fr.~rneworh. ol the 
rllodt 1 Thc i11111.d purp<w of the :1ppru.1ch pr<'pmtJ 
h< n ,, ro fin.! a nUJrL lug•tal \~ay to dc.d wllh the mfirute 
fllllllht r ol Ht:r.ll!Oll'> IJttdnl. ll ~oon .lpJ><.:.Htd thJt uthcr 
h,ntlit~ l(JUid !" oh!.lu:cJ from 1hrs ~rmplc m.Hnx 
formui.JtiOll 

Nol'tfl (11JTJII u prrJt ntiy aud-y1t1g ..11 tlu ln.IItluJe u/ 'J rt.Jnsp~uc­
II,J/1 "lit/ l 'aUic 1 fiJ;IIUIIUIJ: 111 Jiu· Umt'CISIIy <~/ Cu!:jonu..;, 
llt~ldít ~ 

o] 
"n 

r~ the IJbor•particrpatron r.Jtc d,.,gon.tl lll~lr1x 

Locar ion of popuftu¡on-sn vwg actlt•ttu·s 1\.' llfl-b,,~IC 
ernployment nt.ce~sary to st rlot' popul.zuon !'.'' " ulli:tlllt:d 
a~ a fractaon of P1

' .111J thcn d~>lnlmlcd uvcr .d! /<•IIL~ ¡ 
rn tcnn~ of ¡ourney 10 shof' fu m t1011 b' •Jo 
Thr~ oper .olron can be wrntuz 

E' 1 1 = P"H = 1"'1 /1 jB' (2) 

where thc mJex 1 m E"' 1'> ihL al<Lilllnl 1111111Lu, :ofi(J, 

where B=jb,,J=[fl,b'a,J. 

B'::: [b'ul rs the ¡ournc-y to slwp da~lnhulHm fll.llfl\, 

[

fl, o] /1. 

and [/3J= · . o 

o {:J,. 

1~ tht populalloll-\tf\ :ng ¿mplo)'lllllll r.•t111, ,¡,,l,l!<lll.d 
fll~lfiX 

Comb111a11g (1) .Jild (2) Wt'ohl.llll 

1'" .· .. J·.''A 

i·.' 1 
• = !'1'11 =-~ 1·.''( .\H) 

We c.tn now pcrturru tltL '>-llllt ~,-,JI,l'll« ol o¡" r.lliOII~ 
-rntdt nta.d loc.!IIOII now uf .di unployu '• 1 .. , .111011 of 
popul.JIIOII·\lf\ aug .Jtllllllt>--Witfl 11<>11 ¡, "'' tll•j•I<•YlllliH 
/:''''. Tha~ wdl gu•cr.llt ol rilo\' I<Ull-h.l"<"' !'lo)l''''•tli'·'. 

P' 1 '=Jo.'»:\=-ol• 1
'( \JI)\ 

E1''=l'"'ll=E' 1 '(AB)·: P(AI!l(.\11) Jo. 1 (.\B)' 

lt hctO!Ilt'> .appolft'flt tlo.or lhL '>llllto'>IH 11< 1-IIHHl> wrll 
pruvaft· aJJuwn.ll conp!uyrnL:Ih .111<1 popul.'''""' 

I· '"-- - E''(:\B)"--> l""' 1·.' 0

( ·\B)·A 

F'" --. - E"(AB) '--. l'' 1''1 \1:) ':\ 

, •• 1111:-__ J-:1'(o\ll)"-•l 11
'" Jo''( \t: 1"/\ 
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~t.Jnces the vector of hastc employmcnt, ami hence thc 
popul.llton vector as well, ~t.Jl>tltzcs ar01md a dtstnhutwn 
th.1t grows at a const.uJt r.Jte of growth and remams 
proport•on.Jttly LOIHt.Jnt, that ts, e.teh sub-rcgwn's ~hare 
ut tht tut.ll popul.tuon .tnd employmcnt remams the same 

. onr t1me, e\'cn though tht tot.JI nsclf mcrea~cs at a con­
~t.llll r.tlL ( ~forelJ\n, 11 ctn he shown th.:tt thts comtant 
r.ll<' of growth 1\ tht· domm.1111 <h.Jractlrt~liC root uf the 
III.JlfiX C, anJ th.ll tht: ~t.lliUII:JfY J¡~trlbUtlOll is the 

;"""-'·'tul Lll.lraLlen.'llc vector ) 

3. A Numerica/ Example of Stationarity 
A, .111 tllmtr.Jtlon, comtder Gann's tX.!rnple. 1-lts hypo­
theta.Jl Jat.J dncnhc thc popul.Jtton and cmployment dts­
tnhutiOIIs .11 a parucul.lf pumt 111 lllne, 1960, for a theo­
reucaltov. 11, Lah~vtllc. From hts d.11.1 source jlj, we m.Jy 
horrow the hypothette:tl I<J7U dtstnbuuon uf basiC employ­

mt:tll .111J .J"ume that 11 was preJtcted by thc followmg 
growth procc~s: 1 

Eh1U7u= J'..hi'H.CJ(; 

~ ( 4100,0,0,0,\J,YUUU,U,I 000,0,0) 

2 00 o o o o .OH o 02 o o 
o o o o o o o o o o 
o o o o o o o o o o 
o o o o o o o o o o 
o o o o o o o o o o 
.20 o o o o 1 JO o o O· o 
o o o o o o o o o o 
10 o o o o 04 o 1.41 o o 

o o o o o o o o o o 
o o o o o o o o o o 

= ( IO<JOO,Ó,O,O,O,I 0300,0,1 500,0,0 ). 

pcll<t' Wt' C.JII t'.J~tly sohe for P,.170 by applymg Equa-
!ton 1 v.. tth (;.¡nn·, \.JI un for A .Jnd (/- AH)- 1• 

1',.,0 = ( 12013, IO<J 12, U'520,9412,13761,12158, 

6992,11980,1169!1,10741). 

1\.'ow comtder the st.Jltonary rate of growth anJ spaual 
dt~tnhutwn Ir l.lll he Junomtrated that raismg e to 

htghn .md htgher pov..ers ulumately ytelds the relauon-

Rc: ... t.Jrl.h Nult Ru~t.f:, 

Ba~te Ernployment Tot.d l'opui.Jttclll 

Zone I%0 1970 St.ll 1%0 1'1711 St:u 
-----------~-

.310 .4HU .892 O<JH IU7 1 ,_ _, 
2 .O .o .o un (i')tJ 11>1! 

3 o .o .o .11 (, 11'.1 llll 
.¡ .o u o UH3 i¡Hl (JH'i 

'5 .O .o o 121 122 12! 

6 621 .4'54 .U7<J .11'5 1!17 {)')3 

7 .O o o .01H 1)(¡2 .0'5!1 

H ow {)(¡(, 02<J 1 or, 1116 )(J'i 

(j o .o .o .IO'J IOl Ol)l 

10 .O .o .o .-102 U95 OHU 
----------- -

Total 1.000 1 000 1 000 1.000 1.000 1 000 

The st.ttlonary ten-year growth r.1tc v = 2.0 ( NotllL th.tt 
c.luring the ten-year penod 1%0-1970 the grow tl1 r.ltc 
was 1.6.) Thus we may conduJe th.Jt, as of !OdJy (toJ.¡y 
hetng 1960 or 1970, Jependmg 011 whcther tht: C was 
observed or predtcteJ ), the City uf Ltrt~vtlle 1~ hl.tdlllg 

toward an ultlmate rate uf growth of 2 O pc:r dLL.tde anJ 
an ultlmate sp.tual alloc.uwn of ¡~uple to suh-rcgtolls as 
Je~cnheJ Jbove. Tomorrow's '\pu:domet< r'' re.llhng may 

mtltcate a sudden shtft. 

4. A Relaliotl Betwee11 Population Growlh and 
E m plo ymenl Growth 

Constc.ler a growth m.:ttnx S whKh wht n .1ppltul to tlu: 
populatwn vector P1 proJCCts tt forw.trd one tunt putoJ 
[ 4j, that IS, 

P1 ,,=P,S. (Y) 

Each diagonal element of ~uch J rnJtrtx Jenolt~ thl w111 

of un,·, thc: proportton of peoplc who rem.JIIl 111 .1 p •rtllll­
lar sub-regwn Jun11g a untt tune llllt rv.d, Jnd tll'o, tlw 
naturJI mercase (btrths over dc:Jth~) ratc: 111 th.tt ;ub­
regton. Otf-dtagon.JI clemcnts denote tht· pruportloll ol 
people who mtgrate from one suh-rc:g10n to .llloth<-r dur­
ing the unlt tune mterval. 

Now comidcr the rclJtlomhtp hctWllll the h."IC rm­
ployment growth lllJlfiX e ancJ the popul.lltOII gruwth slup: 

(S) malrtx S. Cornbm111g Equ.lltOIIS 3 Jnd Y, we hnd 

v.;hne 1', a lomt.lllt, 1~ the ,t,I!IOII.Jry rate uf growth J3J. 
Thts me.ms that at Jnd bqonJ n = s, the ~ystem ts stable 
.Jlld 

L". , =·E," G = E, 1' (;• =, (E," e;• •) =, !:.''. 
and, therefore, 

P.,,=vP •. 

(6) 

17) 
That ts, at M.l!ionanty, e.!Ch ~ul>-regwn's share of the total 

P,., =E,~ G( 1- AB)- 'A= 1', S 

But by Equ.Jtion 1, 

P1= E,''(l- AH) '.\ 

Thcrefore, 

P,., =E1b G(I-AH)-'A =E,"( 1- AH)-'.-\~ 
or 

1-.,"G M=E," ~1 S 

( 10) 

popul.l!tOil ( Of empJoyment) ft'lll.IIIIS COIU!Jlll anJ grows where 
at .1 r.ttt· of v t'\ ery 11l'rtod Denote thts allocatwn .Jmong ~1=(1-AB) 'A 
the '"" rcgton~ by the Vt'< tor IV whcre 1 ience, 

e; l\1 = l\1 S ill) P., 
\V t=- --

~ ~Pel 
( H) .JnJ 

1 

Then, for our hypothtttcJI nty, we have the followmg 
proporttonai.JIIoc:tllOII' ovn tune. 

G = M S M ' or S= ~ 1 '<; J\ 1 ( 12) 

Thm, gtven a popul.ttton growth lll.ttnx S wc 111.1) J111d 

the baste employment growth llt.llrtX G, or \le< '' r'·' 
Tlm provtdes a wnst>tency chtck un l>oth grt•l\ th 

proct:s~cs. lt ts uf tntnest to notl that the ''·'l'"'L•rv 
growth rates tmphcJ b·, rhe two growth tn.ttttro '"'' .t (¡, 

equal. 



=E"(I+AI:l+(AH)J+ -1-(AB)"+ 

= E"(I +AIH- (AB)" + 

(3) 

)A (3') 

..-·l 1\'Uilll'TI ¡¡:/ L:.' ·""/'" 
As 311 illustrat10n,1 cons1der ¡l¡c: followlllg JU ~-'"" ,,, ~­
ample m whJCh we :ake s1rnpl:: ¡1·r<rn<'y to J,om. .111.1 
fOUrnt'y to shop funcuons: 

Under certam condaJons on cl¡e product m:~tJJX AB. 
wl11ch are satJsfitd m our case (sec AppenJix for mor!' 
complete dJscusswn·) the m:~tnx senes (hc:r,··c~H p.uc:n­
theses) lll ( 3) and (3') ::o:1ve~g< s re tlw :nvcr• e of !he 
matnx (I -AB). Wc c;;n now wr,te: 

( whcre ! 1¡ JS rhe trav"l 11m-: f;-mn z~;nr: 1 :n Lrmr· 

mlrout<:s)aml "1=25 (¡~:1,2, ,JIJ) 

{)1=0.2 (•=1,2, ,!O) 

lntcrzonal travel r:mes: 
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A !Jasic employmer.r. ~ecwr 

P = ( 4500,0,0,0,0,9UOO,O, WOO,O,O) 
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wuuiJ ihen lead w the following distr1bunon nf I<•J.tl 

t';nploymem and population. 



1 

'Jt~AL 

'" lt 11)1•1• 

B.I,IC. TmJl 
/.une Empluymcnt Employmcnt Popula11on 

1 4500 5S35 7126 
2 o 1387 6673 
3 o 164{) 8383 
4 () 1351 6033 
5 o 171K HROI 
(¡ 90()() 10472 8303 
7 o 1000 4217 
K 1000 2639 7709 
9 o 1549 7K9H 

10 o 1405 7352 

whcre E=E"(I-AH)·•: 

and P=EA. 

Journey from Work to Shop 
For samphcny we ha ve assumed so far that aiJ· shoppmg 
tnps wcre onganated at the home. That as, a populauon P, 
resadang m zone 1 ca lis for P 1 X {11 populatwn-servang em­
ployees, and these were allocated to all zones ¡, accordang 
to a ¡ow ney ¡,o m home 10 shop func110n b11 • 

There as no need 10 m~antaan thas assumptwn, and we 
can now conSJ<.ler how shoppang tnps onganated· at the 
pl.ace of work can be ancorporated mto the model For 
example, we could as~ume as Lowry dad that all traps 

E'' 

}{~searth Nolc C . .ar111 

from work to shop .ue walkang traps a11d t~rma11ate 111 
the sJme zone where. they oraganate 

A 11umber of employees E, 1 1 ', work mg 111 zone i wall 
demand E.' 1 ' X y, non-basac employees, whach an turn .~re 

allocated to thear places of work. ¡.111 terms of .1 ¡uurnq 
from WOik lO shop junct10n C' v[ C j 

In rnatnx norauon. 

E 2 =E11 '(y]C'=E,' 11 C wherey= ['',, · .. "] 

O Yn 

JS the "employment-serving" employrnent ratao daagonal 
rnatrtx and, · 

C= [C,IJ] = [y,C'a1 ], and 

C'= [C'ad 
as the ¡ourn~y from work to shop dastnbutaon mJtrax 

Goal]g back to the formylauon prevaously prnlnted, 
we shuuld now, at each nerauon, aJd non-bJsac empluy­
men't generated ( 1) from horne-based and ( 2) f rom pl.1ce 
of wor k-based shoppang ira ps. Thas yrdds· 

Pb=PA 

E"' =PbB+EhC=EbAB+PC=E"(AB+C) 

E"'=P'''B-t E 0 'C=E 111 AB+E'"C 

=Eb(AB+C) 2 

P 11 ' =E' 11 A = P(AB +C)A 

E'"'= P'"-' 'B +E'"·••c= 

=P(AB+C)" 

A nd totallmg 

E= Eb(l +AB+C+(AH+C) 2 + 

+(AB+C)"+ 

= P[I- (AIHC) ¡-• 
P= E"A +E"(AB+C)A+ 

= E''ll- (AB +C) ¡-•A. 

Et•aluation and Extensions 
Startang '' uh the s.une bJsac assumptwns as the Lowry 
MoJel, thas formulauon leads to a \ery sample and con­
cise expressaon of the overall relataonshap between the das­
tnbutwns of popu!Jtaon, basac, and no11-basic employment. 
(Equatao11s (4) anJ ( 4').) lt makes Jarectly apparent 
the net ~Hect of v:1rious factors, such as labor parucapa· 
11011 r.un, acces~abalaurs, or other fJctors, that anf1ue11ce 
the locJuon.JI be ha\ aor of the firm a11d the andavadual. 

Comequ'e11tl}, 11 is possable to test JaiTerent fonns fo_r 
the ¡ourney 10 home a11d ¡ourney ro shop functwn, by ap­
pl yang equauon ( 4) a11d ( 4') to past or present Jata. ( For 
ex.uuple, "lt.J>l ~quarn," methoJs can be used to esllmate 
so me par Jmcters from these 2 x 11 equauons.) lt as worth 
ernph.!~azwg th.1t the only anformat1011 needed to "cala­
br.llt·" tht 11\odtl are populaoon .1nd employmem-basac 
.and 11011 h.t~ac-per zo11e. Ahhough vcry u~dul, ongan­
dntmatiun ~tudaes couiJ be ~p.1red af Ume or budget con­
\lr.amts mJkc J! 11ecessJry. 

P"'':::;:E'"'A 

=E'"'(Ail+C)"A 

As for future predacuons and plannang, whethtr r!tc 
¡ou1ney lo shop anJ ¡ouw~y 10 work functaons .1re .IS· 

sumed to change or not, populataon anJ employmu1l 111 
all zones of the regaon c:1n be derJ\ed frorn Jn exptcted 
future dastrabuuon of basac lf)dustrac~ Or takang the 

opposlle approach to the probl~m, what polacKs 111 tnam 
of publac mvestment or basac: 111dustra.al locJtaun wuld 
achaeve a proposed pattern of de\t~lopment) More pre 
ca~dy, gaven a "de~1r.1ble" popularaon-Hctor P, ont <~11 

~olve the lanear splc:an of equatwns ( ~) .llld ( 4') .anJ h1td 
whether the corresponding basac emplu}ll1t'lll da,lrthutaon 
as fea~able; or else determll1e what publac 1111 esunent an 
transportauon, housang, etc.; thJt as, wh.1t ch:lllges an thc: 
matraces-:\ and B, would leJd to such :t pattern. 

Fanally, extensaons ot the moJel C.lll be < n1 a~aont·d 
Fnst, one could thank uf antroducang 111ore th.an <llll' cLh> 
uf populataon (by 111wme, .1gc grou¡". el<). 1\ath dtlf,rutt 
"tastes" for thear resadenllJllo<Jllllll> .ual ,Jtop1ung n< t'<h, 
and Javadang po¡nallthJil-'<'f\'lllg .ll"tll llan tillO "\l r.d >CC 

tors \Vhdt· 'uch .1n o.pandnl anod,J wonld "" anore 
cumbt•rsollle 10 opcr.ue-1\ atla " popul.athJil ,-1 ""' .111d p 
actavaty ~ntors, eJch of thc nt.tln«'' '\ .tnd 11 11mdd bo: 
compo>nl of n x p ~uhm.ttrau·, (" '" )-ab loarnul.ataon 
as not dt.angcd .. and rt undd prol'lde lll<>rt· an~a¡.:ht 1111o th< 
Jnnanua.anb ol dn do¡uno:nl p.tlll'fll~ 

Tlae othrr damcmaon to be added ~~ tune. So f.1r ¡J¡,­

modd 1~ st.Jtac; that as, at relJtcs popnl.at,on Jnd t'l"l'~") 



llllll( ,!J,¡rdul(l(lll .!1 (JII;C 1 wnh 1'1\h lfl,lu·;rlt> 111<\h'(•J.', A u\Jlotce O~fiJ '\Gn,.,;; 
.!Ctt\"hli•l•" .111d utha Í.lcron .11 :11111: t. Ohvwudy, thf-
ft:l<'lll Jdl\'llln wuuld hJvc !ll be llllluded 111 !he hasJC GarDti"'ü""LlOWL""'\f M!Vjod-e2 
\C<'IOI, fr.c luug-term anJ ~hor1-1arn analyse, Tim k;tds 
•o IÍH' nd,d th.H much cuuld he gJJn<:d by Jlllf!XIIICJ:l~ the Andan i'?ogcr~ 
time: c:lt·nte;¡¡ 111!o tlus tormul:u:ofl ro huild '! dynam1c, 
r!:CLir~•vt· moJo:!. 

Appendix 
C!Jm•ngenc'' uf l\í.;trix Scrit> 

ILfm·~ d·Ku~,.n¡.: malhcnl.tllc.al t<•ndiiiO!h for 1he m.urix 
~..:r1n ( l) to uHwcrgc, a prdu111n.try rv;¡,¡¡\, un¡w>~t' !!· 

,t·i¡ ti 1\ .1 f.t, [ of lUllllliUD t'l.jll'rtCIIlC th.lo lll ÍJ,I.I l•lljlll· 

I.Hwns art' tin11e; thrrdure, d 1iu: desni~J!•,>n d thc 
procc~s hy whtth popubuon-serving emplr¡yce~ .Ht' gen· 

erated ~~ lo• bt' r:ght, 11 ~hould conwrge W'.. sh.dl gtve 
oniy ,uílic •en: u•nd!tion> 

l.e! «p= f·bx un: /~K 
k -=- 1,!1 

Thcll AB =:A'[,. ][p !5' ~N X (::J" r) X B':.:: (;;p) · A'H'. 

ih•t 5tnr<' ,\' a!ld !!' are d•slf!bL·tio'l malrrce;, rhc sum 
ot thc r!-:m.:nts 111 any 10w Jrc equal to 1; 

Ia'1,=l 
l • 

anJ the sam<: propeny hcrlds for !he pro'Jt!tt matnx A' B'. 
Thercfore, we have an uppa bound for Thc row ~urns of 

matnx AB. 

:!:( .1h) 11 = :i( ~ l
1¡Lak{Jkb' ~J) =- ~ a',ba.kPI!. -::;.a{J 

J J h k (t =l. n) 

Wht n ... fJ < 1, thc specrral raJtus of the malrl:< AH, 15 

k~, rh.111 CHk (Hcf }--!..:mm.a ~ 'i) Consc:qu.:ndy, 1 -AB 
•~ 11011 ~tllgt.i~. anJ I+J\fi+(AB)'+ ::::(1-AU)'' 
dac '1 tll'' un ri•t ldt wuvcrg111g ( l{tf )-Throrc:P1 3 7). 

Aliltou¡.;l. .Jll 1111provc:d uppcr hcamd for :he 'P<'CirJ! 
r.tdtu~ of ¡\ ll nu¡;ht he: ncc~ '~·"y 111 Sllint <3~cs, thc abo\'l: 
.llgun1cn! wdl hold normally m pr.!ctlc.Jl appi1cabor:s 

whtrt' ,di< 1 

No·r E 

1 PJt .. 'on HJvel l1111e:; ~n.: bJ~u· tPlplo\ffit'Ot ~lte tho:,.e of thc 
lhc.•ai".JI !own of LA}{TS\'•U [ dtvd<•pcd at lhl' 1 •.s Angel" 
H~gum.1~ 1 fJ:t.,puru.HI•HI Su.od) 
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L<~.vr¡, Ir• S, A ~tod~/ of Mrtropo/u (S"nt2 M.•n1u, C":,f 
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2 (;olduc.r, \A.' J'1d \V ,5 G!.i}hc..ti, H .... y A"'t'tl ~ rmultlllúll ,\:udv 
Pdut \1wirl ol \1.!11/u C/m·tt CooniJ ond ~vme rlppluuttoni tC: 1HLr 

f,,r RtJI 1 ,UI\. ..~nd Urbdn 1 .. oJwnnl.-.., Uíl'' oí C"'id, t.: r~ .. ( i( y, 
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3 V>rgo, H:,hJrd S, HaTru ltrrat/N Arwlyrr. (;.1, w y,,rk 
l'ruliJll ll.dl, 1'.11'1) 

Aurhor\ Null 

J w:sh lo Ut ~ r•uuJ!~dg~ tht h,•;p tuld Jtll'lc~ o/ Prof~JJurt 
Andrrt Nu;,:OJ un.J ,\tuhtr/11 {.¡Jz o/1h~ Ocpurtlrle''JI ú/ 
( lly und Nt Jíi'Jfllil P:utU111lg, llmr rrJtly o/ Cal:fur'IIU Ar.}' 
JII·~~ lt fJIIIIIIJ.!S u/ !hu pupn· ur~ CJ/ , OIITJc• m¡ C•U'n ¡~;po11 r;f.,/rty 

Garm's matri>. formubt1on ot tiH Lnwry nw, 1, 1 

(21 SlllCtnt'l(y t'Xh.illt~ tlt.ll •nodr :'s f.tnd.lollUll.tl ch.,¡~,­
ll'l' 11 IS .1 l ru~~-~Cli!OII • .J, SI'JIIl rllodd tl..lt 1\ tlc'I<J/, J tu 
an "'tudtónum ,,)ullon ¡\;¡ 111 ll'jllH uutput 111od,!,, 1hc 
.O.llr!)( formul.HIOII l'OllVCIIIt'lll(y .¡(lth"'' Olll 10 lind lht• 
~oJluuon m onc ~!t·p hy rnverung th:: approprt.!IC rn tlrt\ 
){ctcn: rnc:JrLh dTmt~ 111 m.1trix ntndd~ ot poptrl.l'l\.ll 
gan..,rh o,ugbf''l[ 3 w:1y of rnlrodiK!ng, ·n~ rtl.lH~lu!l, ._, 

d}nJn11c drmc:lhloil w tltt' G.artn-Lo .. vry r11odt 1 ln thc 
!'roJCC>\, onc ur.ty IUt'ntlfy .llwther 1-.wd ,,¡ u¡udrhr•tun 

th1t of iltJI/JJrtunl)'. ·¡ ht~ ts thc J1~1r1burwn th.tt ~n~n 

alter rc:peale,l .tpJ'IIC:Jt!OII of an unchaugtng rc·ru,,we 

growth pro<:c~s. 

l. 1'be DynrJtllic CrJriu-l.ou.-'Y)' Mo,ld 
Lct us denote basK cmploymenl :ll tnnc t by dtc n-vecwr· 

Er'•=(~b~., Ellt.:r .. , E\,J. 
anJ popul J!IOII at wue 1 by thc n-v!'ctor · 

P1 = (P 11 , Pto •... , I'1,). 

Thcn, using G.1rm's Eq<JattOn 4', we have· 

P.=E,b(f- AB)- 1A ( 1) 

Now cunm.icr a growth rn:,Lnx C whrch whcn appl,,J 
to d:e has re t:mployment vector é',O pro¡< cts tl farwJrd on, 

trmc pc:nod, 1 e., 

( 2) 

Thtn we m.ty tombt!Jc: Ft¡uJLtOns 1 ~t.d 2 lo fllr!ll l11< 

folluwwg dyn.lllrrl rciJtlomht¡l' 

1'1,,=- L",,,(I-,\B)-'A=f.,"(,¡I-:\B¡ ':\, ! l¡ 

and, rf Wt' :JS,UIIIt: iur tht: moment th,lt ./, /1, .11 1<! C ft 

m,J¡II con~r~nt over lime, 

( ~ J 

lr 1s, of courst, tll'.lr 10 everyone th.tt thc m.Jifll<' rl, /í, 

and C w11l not rcm,un comt.HH dtrough Junc .111<i tlt.Jt 

tht ;::fwt' 111 .1 !orc::casttng effor t 1hey would rtl'ul tn ht 
predt(tc<l Jt .:at·h recur>IOil of thc model. Nt'llrthd"•· 11 

1s of sume: llllcn·st to den ve what lllJY l•c· rdc1 rul 10 ·" ·' 
'\pecdcmerer" read1ng of whcre Wl' aro:: hc.:dul JI 1hu1g~ 

do nut dungc: In thts way we could t<Hnp !re tmlty\ 
"~pct·Jomclél" readmg wnh yestcrdJy\ . .nd sn: d rh~ 

"hor11:on" pr•Jit'([!Oil to which we are hcHkd h.l\ >lulit.l 
J'ld, :f 10, 1P. wh,lt d rrc:r.:ttuu Th" lll.l y he done bv rt 
cur·,1ng 1he ntod,.J unt1l rt rcache~:! ~·t~•tJO!l.H} ,11'~. ¡t,,¡ 

1~, .Hl unch.111glllg ¡:,rowth rJt< Jnd 'P·llt.d d,qrd~ttllot' 

l. Tht· S:atiouary GrowtiJ l?ule 111/(i Spati.Jl 
Ch,lrtbu/1"'' 

HrcJII FquJt.oo 4 Jnd constdtr wl..n lupputs ·'' n :1" 
Jn:mbt r oí urne pc:rwds, get~ w:ry brg ... th.ll "· .J> ,., •P 
pro.1dw~ mfinny. lt cm be: ~hown ¡) 1 1h.tr ,r, WLh '" 

Andrct Roj(tlf 11 AH1IItJIII Pf'o/cu,,~r, Dcp,¡r/t1't:fll r¡J ( lf\ tJIId 

J<~'JI&fi¡J/ Planmng. Unu·~r11ty oJ f.'ulJ/vnna, Ht·r~tln 



1he conlrary, 1he hudJer and sponsor w¡ll agree 1ha1 1he 
model "works '' 

1 n 1he face of \u eh amblgUiues, 11 1s not hard lo 
un~g1ne a rcasonahle man's rdusal lo paruc1pa1e m such 
a prob~ble boon-Joggle. Hui for 1he reasons illUJCated 
al 1he begmnmg of th1s JriJcle, 1 do not dnlic1pa1e any 
short.Jge of sponsorsh1p for model-bu1lding pro¡ec1s. h 
1s lx:tter 10 try some1hmg-anythmg-1han to merely 
wrmg one's hands over the fu1dny of 11 all. Sponsors 
anJ rnoJel-bUIIJers too can 1ake comfort 111 the thought 
ÚJJI 1hey are bUIIdmg for 1he Ó1s1ant ¡f not the near 
f Jt u re 

:\bove all, thc process of model-buildmg 1s educ . .ltlonal. 
Thc partlcJpants mvanably finJ the1r percep110ns sharp­
~rH:J, thc1r honzom expandcd, 1he1r professional sk1lls 
.lllgmcnted. The mere ne~esSJIY of frarnmg quesuons 
cdfdully Joes much 10 d1spel the fog of sloppy thmkmg 
1h.u surrounds our dlorts at civ1c betterment. My part­
mg adv1ce to the plJnnmg professwn 1s: 1f you Jo spon­
sor a moJel, be sure your staff Js deeply mvolved 1n 11s 
dd1gn anJ cal1br Jtlon. The most valuable funct1on of 
1he ,moJel wdl be lost 1f ll 1s treated by the planners 
~·s a mJgJC box whJch y¡eJJs answers at the touch of a 
huuon. 

NOl ES 

'· 1¡\','m'go (Rd 15), p lH Mootl-budd1ng hJ> Jl>o ¡,,,n 
¡¡re•rl> tllCourJgtJ hy 1he dcctromc revoluuon 1n dJta-pruct"mg 
.wd cumputJtwn, rn.uhcmJ!Ical models havc an m~atJJblt JjJpltJte 
for numhc rs. 
' 2 An unmemdy ¡mportJnt topiC 10 the field of model-dc>1gn 
~h·1lh h nut lo\'rruJ b~ thl\ Jrtlcle 1s thc folnt dfon of nwdd­
huoldcr anJ clltnt tu dthne tl>t: "problem" tu wluch a m<Xltl ulfers 
J pu>\lblc "wlut1un" On thos poont, l know uf no bcttcr rcfercnce 
th.1n J RAND buok on ')'ll'ffi> JllJlym (Rd 21), pJrtlculJrl} the 
"'">' of R. J) Spttht (' "l he Why and How uf Modcl-Uuoldong"), 
RolJnJ McKtJn ("Crottrod''J, aml E S Quade ("l'llldll> 10 S)>tum 
Anol)m") 

3 Sorne mood-buoldtr; Would frttly •ub>ti!Ute ">unulJte" for 
m y "rtpllCJle" AIJ uwdt J~ JfC Jllt<.nJcd 10 SUIIIC ~lfl!:.l (O SllllUIJte 

n Jluy, but th1s U!:.J,I{t' •~ thc 'ource uf sume confu~wn m the luc:ra­
rurc !:.IOlt '\unui.Jtlon' h.1~ .Jc..qUin:c.J .. wotht'r nwrc ll.duw .. JI llllJO­

III,L!', do~npuve uf J d.J!:.!:. uf alg"onthms Jn th13 e)sJy, 1 U\c... thc. 
h. ru1 un/y 10 rhe IJttt r \c..JI)t" Scc: hdpw, "Soluuon Muhod)" 

4J or c..XJmple, liJflll. Jn,JI}sts use zonal mtuch.Jn.'{c. muUels tu 
.J.!lllt'ratc... C!:.lllllJfc:) of Lollt.·to-Limt rrJffic fiows from Jn\tntoraes o{ 
rhc IJnd uses 10 t: • .llh Z11JH One prornment mtmbt r of the pro­
ff'!:.!:.lon h so CtHnmnJ of tlll dc~cnpuve rciiJhJilly of lht'l mudd) 
th.1t he. :><.o no furthrr uu.·d fur lhrcct surve}s of trJfTic.. IIJo\<.OH.IItS 

(Uo.J> >lUdie•) 
S Phdosophcr!:. of :,c1rnce v1ew rhe conClph of '\.Ju.!!e" Jnd 

"cflc~t · w1th JJuruhud e}lS For lc.!i\tr monJI!. dH:sc CnllLlpl.!i Jrt 
111mt' helpful and 11ot di ¡JI t!Jn¡:crou> •o long •• thcy Jre applied 
wnhm the f r Jlllewor h of a S) 'tun of 1111< ni< Jll ndtnc< Cf S1n10n 
(Re( 23), Ch l-3 

~ No vana bit IS antrJil)Jcall}' t ntlo,¡.:UIOU~ ur t.xogt·nous 1 hne 
ltrnl1~, lakt. the statlstlllan'.!i ''dtJH.ndent'' .~ncl "mdc.pl'ndcnt," merely 
cldir\e thc pmllwn of J VJro,lblt wuhÍn a pJr!lcular motlel' A fur­
ther1 u>eful J1.unctwn can he mJde bctween exo¡¡enous-vanJbles 
suh)ccr to pohcy control Jnd rhosl wh1ch Jrc not, Jnd betweeñ 
t.lld~J.!enou\ v.uJJhlrs ,,f ... d¡n·ct antt.rt.)t to the planner and thmc 
whoch Jre •nclutltd only l>ccduse they are ncce>.ary to complete the 
log1Ll >tructure uf the m••l•! Cf Sonenblurn and Stcrn (Ref 2~), 
pp :112-1 H 

7 J he { und.llllt nt.1h and apphcauons of hncJr programmmg JTe 

'"lllhiJrlt<tl on '"Y rtJd.1hk foron by Baurnul (Ref 2), PJI MJ7-
H'ij l '"1111ot find Jnv '""Jllc cxpo.UI!ln uf dyndmiC pru¡¡r.¡mnunx, 
hut ''< Hdlon.lll (Rd ~), pp \ll·XI, for a bntf account of thr clJ'I 
of p1,h1, 1m to whoch tht ttchnot¡ue " apphcable 

" · l he v.1lue of Y 1> a funcuon of (depends on) the values uf 
U, V, X, Jnd Z, .1nd >O forth" Fur a gentle mtruJuuwn to the 
IIO[ 1[1,11 Jlltl lllt•thods of lllJthemJtJCal moochn¡.:, Beach (Rd 3) " 
.111 t xullt·nt sourcc 

9 ~cHilt t.XJntplt.,, 111 JHo~c r.Jiher thJn ~}mhols· 
f"tchrwlo~ILII ·r ht lliJXIIIIUIIl vchKUIJr capanty of J ro.ulway 

1' .1 funllJoll uf du n11111btr of l.mo, the avcra~t lhstanl.c hctwt•t•n 
'IJ.:UJh, .uul tht wr.ltht·r 

111\llltJIIon.d lll\j'd\,lhft fJIIllly Jllu•IIH' 1\ ,1 funl.tiOil of gro'~ 
lcr11d) e o~rnrng' .urd tf,¡ 11\ 1 1t1 

llehJiloral 1 he le• el ot hou,1ng dcnslly di<>'< U h} " tamll) 
Jc¡Jend• un dO>pu>Jblt fJm1ly utwrnr, the J\'tra>;t J¡¡e of fd1111iy 
fnllllbtr,, .dlld tht locJIUIO of tht work-place ot thc prlllClpal WJgc­

cHner 
Acwuntong Total land m u'e os the >Urn of lJnd 10 ro1dentoJl 

u~e. lfl retad use, 10 manufJctunng use, and ~o fonh 
10 Thc r>>ays 111 l'art ll of L1pf (Ref 26) >hould ¡;1vt thc 

reader J "ft.d" fur the mo..~cro-au .. alyuc pt.npt.CIJVt 111 urU .. n tn(xlcls 
See al>o CJrro!htr> (Rcf 8), and Ucrry (Rd 5) 

11 D}·ckman (Ref. ':!) prmJtle; Jn excellenl rev1ew of the theory 
uf ratwn.&J choJLc 10 J piJnnmg l.UIH<.Xt Any Jnlruductory text 10 

t.lonurnlc,. w¡IJ Ue.!!cnbe thc nucro-Jnal} 11'- undcrpmnlnJ.:s uf demJru.J 
and •upply •chululn antl w1ll Jl•o rtvotw a fJ1111l¡ of 111 . .rktt m<Klels 
The most JmbltlcJUs lniCro·.lnalytaL mude! cvtr undtrt.Jkt n 111 thc 
><JCIJl >tltOCe> 1> ducrohul 111 Oocutt (Rtf 2U) l·or rllt.dd> thJt 
unbr.1ce more tho..~n "econoln1c'' man, .!ll.e Sunun (Rd 23) or 
LJLJnfeld (Ref 16) 

12 Cf L~thficld ( Rcf 17) 
13 lt " my per>onJl con•¡ctoon-nul shared b}' JlJ nocrnbers uf 

the fratLrnlly uf rnodel-bullders-that the mJcro·JIIJl) IIL .1pproach 
to nwtlthng- urb.1n funn anU proccsses !!how~ the greater pruuusc 
t>f pruv1dong rehJble amwcr> to <oncrete problum of prLdiCtiOn •nd 
plannon¡¡ 1-or d contrary v1ew, ;ce !he forceful <IJtconcnt b) Harns 
(Rcf 13), p 16 

Jo& De>cnpuve modcls of urban furm Jre ntJrl} JlwJys >IJtiC or 
"t.qUJIJbnum'' rnutlds, JnU dfC ~omt·tunt'.!i uset.l fur lJU.J\I·predu..uuns 
(co111parJUYe >tJ!Ie>) For convcn1ent eXJIIlples, •ce HJrros (Ref 12) 
or Low ry ( Ref 18) 

15 Contra>! the emphasos on •tucks 10 th< SJn FrJnCI>CO CRP 
modd drsognul by A 1> Lutle, lnc (Ref lJ wuh the ernphasrs on 
flow• 10 Holan, (! al (Ref 7) or wllh tht •ntrJl "¡;rowth alloca­
uun" models de.crohcd 10 thrs I>Sue nf the formrul 

16 Cf Black (Rtf 6) 
171 he rt'.ltltr ~~ WJrnul that f-.quJIIon 3 1~ not J ,g-cnt'rdl )olurwn 

for ..1ny Y 1 *"' but llltrtl}' the .!illllplcst lXJJrt,.!IIOII for Y,., 
li:J An ti(Jillpk of thc. JtcrJtlvc ruhmquc 1\ ~1ven 1n ~ollll JetJII 

10 Lowr) (Rtf l~¡, pp 12-l'J 
19 A good h1hloogrJphy 10 '"nulJtlon mtthod• 1> Shub1k (Ref 

22) c;li,Jtr, ,r al. (Rd JO) utftr a qu1ck and nJ<l.1ble rev¡ew of 
the ficiU, wlth cmpha!!l~ on rn.Jn-mo..~chmc :tiiiiUIJtwn or "garnmg '' 
c;rund~tun (Rt.f 1 J) dt.~'-nht-. a "cornrnunny g.1mt" fo• thc trJ1mng 
uf plannuo¡ and mun1opJI Jdnum~lralof!l 

20 SptcJal Jata·problcms encourlltrt·d 111 nwddml! urllJn form 
.md prous"i .uc dn.cusscd b) BrHiun li.Jrn~, "An Au.ounts Frame­
\\ork for Mllropolotan M<Klel.," 1n Rcf 15, pp 107-127 Al•o >ee 
~llgcr (Ref 25), pp l-6 

21 lk.1d1 (Ref !), J'Jrt JI, pro\Hlt> JO t'>J't(ldil} ¡.:u<>d mtro­
ductlon lo )tJU,tlcJI and economctnc methO<Is 

221 ht• CoiH'tllJCIKt. uf thl\ Jncdrod ¡o¡ so ,i{ff.lt thJt lt l'io oft~n 
.1ppll(.d lo ~pltlll\ t..onl.lllliiiJ.: kn11\\'ll non hnc...tlllu '• un rhc ,L:ruuntfs 
1h.1t J lmt'.lr approxuuJtwn 1s betttr th.&n 1111d1111J.! \unuhJncou.§ 
,,lllllJllon (Jf dtc p.1r.untters of nun·lmtJr S}\lllll' 1' P'-)~!>&hlr. but 
Jlll)rc.· J¡llJCuh, tia· outst.Jndmg exJmplc Jmong IJnd u.,t· moJds IS 
Karl D~t.tcr's Progr.Jm Pülunelnc for hum~ 111 t'Xfldlltllii.J.I rJh)( . .ltl 
w1th a J.!rtJt fliJny pJrJnlt trrs {'1 he moJel, hut nlH th(' humg 
mdho.J, " dc.cnbttl lfl Ref 7 ) 

21 Cf NJldt•rtorn (Rt·f 19) l_f" llltr:ltl "pull(l•llltd llll·• thru: 
.!!UbS}'tems, eo~ch uf whu:h was ht Jndtpt·ndtnd\ 1 hr ,I''"'US)II•n 
on pp H-15 ¡Jlu>tratt'S the YJroCI) of emlllJtln~ "" th .... ls ordl­
nJnly rtt¡lllr<'<l lo lit a moJel ~l'C al >o H.1111' ( Rd 12) f,,, J 
cll~lU\~JOn of t.he "gr.u.lltnt seo~rch" rnc:thnt.l ,.( C"fiiiiJIIH!.! pJrunctrrs. 

24 Holl (Ref l~) rq>orts w1th unusuJl tho1ou¡¡hn<" "" a 1<>1 

of th" tnw for the E.\IPIRIC Model dnd••P"'-l f.,, Jl,>tvu h, TrJt!ic 
Rocar.:h Corporat10n 
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for !he Dislribution 
of 8esidcn!iJI .\ctivily 
i11 Urc<:n :-\re;:¡.;• 

Joltn ü lh:rbert .111d [knjJmin H. Stevens 

In t 1 odr n !IOII 

TJ¡c I11'Jlkl rresentcd !.ere lS Jc~ig,ncd lo J¡~trlbl!IC lwudw!Js tu IC'>IdcntiJI 
bnd m an opltl11JI confígur:.tiiOrt n1e moJel was construLI~d for rhe Pcnn-Jer~<?Y 
TrJmportJ!Jon St11dy as p:~rt of a brger model dco;¡gncd lo J(,.;:lle Jll typcs of 
bnd-u"ng Jctivlly. 

Sll)lC liJe moJ.::J h:.td lO be Stlll:Jb]e for pt3<:lÍ<.:.d .lppilCil<Oil, a <:CrlJIIl 
:nnount of L'011LeptuJl eJcg,Jill'C: hJS uecn ~~t.flfli:CU 111 fJvor uf LlpcrJIIUllJI ~tmph­
Cily Tht: l..rgcr moJel oper.;tes m ihc followmg wJy the totJI tclcvJnt Irme 
pcrtod ~~ subJ¡v¡Jed mio J number of .,llllrt ItCrJitve per;oJs For .:a<.:h tlrt.tt1ve 
pc~10d Jllfctcnt 1) pcs L'f IJnd-using xtJ\IlY .u e h~JOldkJ ,cp.t!Jt<:ly. A p.trttluiJr 
type of JCII\'JIY 1s tbtrib•ttcd 111 J configurJillllt llut :s opt11n.d only \\ l'h ICo;pcd 
to al! prcv!llu~ly Joc.!lcd J<.:tt\ttics 1 lnteuct10IIS l!ut Jre n¡x.:tcd to octur 
JllH.:Ilg Slll1UJt.lllell\ISI)' !OL'J!tllg JCl!\1(1~$ Jre tgnorcJ. \Ve .IrC J:>SUlll!llg th,tl lhcy 
c:111 be t¡;!llllCd tf Ill'rJttvc pcr1~1J~ :.trc kcpt ,hu•t cnou~h tu ·~llSurc ih.tt the 
nllmbcr of uscrs !ocJicd 111 J 'Ingle ;un uf thc modclt~ s:~ull Opcr.Jitng in tl11s 
w.1y wc JIC Jblc to Jduevc comput,ttun.J! snnpl.ctly Jlld, Ji the s:tm•: :i:ne, 
r•'et>gn;zc mml of the lns1<.: in ter JCtton:, .uno!i::,lJ1H.l users 1 

For !he rcs1dcntt.d modd. in J pJrtkulJr tlerJt1vc pcrwJ, thc numhcr uf 
:t<JttscholJ,) lo he IL,C.1ti'J .tnd 1he :.trnounl uf l.md 1l1Jt JS expcctcd tn be J\Jt!Jble 
for rc~1dcnt JJ] u~e 1~ fot.:l:J>I e\ngenoú~ly ~ A lmc.tr progr.tm1s U\l'd lo produc!, 
r,.r tite cnJ ul thJt PL'fllH.i. :JIIOJlll!llJi l01lii¡;,ur.II1Llll uf th<! 11\!W llllU\dtuJd.¡ lln 
!he av.1!1Jhlc IJnd. Tlm umfigurJI1on 1~ opt1111JI WIIh rC\pccl lo the Ll111f1gur~!tu11 
uf Ji! pr<?\1llll~ly lut.tled JCI1Vtttes. jnd comt!lules .1 prcd1dion uf th.: \\'JY m 
wi11LIJ tli~ fo1CL.1~! hou~ehulds wdllo< .. t1C. 4 

'
1 I hl'· 1' '11'-, \\ ., .• J '!''· d 1:\ :n J r'-'í'·'rt ¡•·. p·lh.J ! ''r t l!t l\ 1111-h'r't'} : 1 lll'J'' q 1 :r 11•n 

'-,t lhh .111d h ! .. pr tn: J \\ ¡, h !' r II!J,,I\"l t i~l1:1 J'];( J, •ufnrd uj 1\t ....::,,n,;/ ,), /~ 111 t, \ ~·1 IJ "'l :! 
11')[,1)) rfh' IIII!Ju[,\\l~h¡\, nl,ltl\\ 1 ~_\f··~.. ¡•, ... \llld!ii\Uihll!•llf B1llhHl !llrlh,\'lh•du~~h.d 

1 ht' "·'t..ll·'r1 • d 1 lit' .r ti d~ ., nlll i \\ ll1~o h 1 ht r:¡, •d~.l ,., •' p1 1.. , .. 1rc. d 1 Pd "lu1 111 llh' lfl\ .tln 1 bh. 
lfllh hlll' ••uJ '-~''.!'.!l..''l••n .. UlfPU• h llf 11, ,!~,.~t l••j'IIILII~. ,,,11 L~. tlt'f .111d th"· ,,¡h~.. r Jlh rnh~,.r, ,,1 
(\nn-hr \,¡di \\!1\• ¡'"' .tptllJ 111 d¡,,¡¡, 11 111'-PII!Jl. prtdlh.lll IJh . .' J'I)\L'r,JI,,Ilh.l\\,1.•"1 

11¡.._ l'\o..~.l lli 1:1. •lrt ti• d l~ ... '· ;,.1"' .. :11 ,,: .. ll.llltr '11th r1 ¡J, 111 \hl!h'' ll')(dl) lln.· .tlll''"r' 
•• l ...... p1 f:, l1o.. 'P' 11 ,¡.¡~¡!\ l•lf i!1l. ':. lLI\ •1111/lt•'II'H'f:!' 
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1 ), J ;¡¡lf lt'"; 

¡¡, 111\, /¡,,/¡/ \ lll>lhc'htdd ¡o; .1 J'L'I'Oil ur <:;lt>li¡J uf J'c'l\tllh \'.!lh J LUIIIIIIUll 
l•t1,l":l pt:¡, h · · ng .1 \lll:,!k 'L''Ilkllll d hunJ!c 

/f.• I•,J,.l,f (;¡.,;¡¡; .\ J¡,q:,.'htli,J :,'.ltl11J1 l\ .1 L,dkclli'll u! :ll'll·l 1itdd' \\hlch 
IJ.I'.L' 'lillli.!r ¡,•,¡JL'Iltl.d lJudgcto; ,IJIJ ~111111.1r LI\JC\ 1\'!lh IC\j)l'cl lcl IC\JJ.:Onl!JJ 
bunJI~?~ 5 

hnld 

ff,,IIH' Cr''' l!,>ti>C LO~t 1~ thc Joi!Jr Ll>~l Óf ullhlructlllg. opcrJtlng. Jnd 
m.unt 1111111g J lwu,.: uver J '>Pl'Liftcd 11111~ pcrtl)d LlllllputcJ un Jll JnnuJI hJ~ts. 6 

Alllcnlly J.nc! Thc JlllCiltty lcvel.t~'>OCI.tt.:d wtth J stte ts the leve! of 

p)yLIIIL ~JthfJLIIOn whtch J hou~chuJJ hJS Jn opportUlll!)' to CllJOY bCLJUSe of 
ccrt.tu1 LhJIJctertsttcs of that stte. 7 

Tnp Ser A trtp ~et conststs of thc numbcrs of eJch type of tnp generated 
by J household. 9 

Tnp Parrcm The tnps m a tnp set whcn thetr ortgm and dcstmattons have 
bl'l:'n tdenttfted 10 

Trarc/ Om. TrJvel cost IS the ~nnual dollar co~t to the hou~ehold of carry­
mg out J t rtp pJttern .11 

Sile A '>llc ts thc pJrccl uf l:~nd JSSignJhlc lo J p.Jrl ~cuiJr Jwusehold l2 
Total Sire Renr · TotJI stte rcnt 1s the dolbr VJ!ue of the amount rcct!tved 

..~nnuJIIy by a stte owner for the use of the land m the stte lt 1s nclustve of the 
v.liuc of the house. :.tmenlly leve!, Jnd trJvel pJttern J~soctJ!ed wtth the sne. 

Rn1dcnnal Bundle. A restdenttJ! bundle ts :.t untqu,e combtnatton of a 
J,uu\e. Jll JlllL'Illty leve!. a trtp sct, Jntl a st(c of J pJr!tcuiJr stze. 

.l!urf...ct B11~ket: A market bJsket 1s J untquc comhmJ!tun uf a restJenttal 
bunJk .111d a bunJie of all other comrnotltt tes (whtch we ~lull call·the "other 
Ctlllllll•'Olltes" bunJle) consumcd .mnuJlly by a houschold. 

Total!!uu~chold Budget: A househuld's tot.d budget ts the Jollar amount 
tllJt .1 how.chold .l!loc·Jtcs JllllUJIIy lo thc purd1J'>C of J market bJsket. 

Rn!dmuJ! But!gct. A rc~tdenttal butlgct ts ti1Jt pJr: of J hutbL'hulJ's totJI 
budgL'I thJt 1\ Jli"LJted Jllllll.dly to the purdtJ\C uf J rc\j,i]l:'nltJI bundle. 

R,·¡;¡un A rl'gton ¡; thc geogrJplllLal \p.tce wtthm wlmh our modclts 

rc·qtll:c·d to JlloLJIC J gtven number of hou-,dwiJs to J givcn \upply of land 

1 r •. ,, An J rl'J ts a regton.il ~uhdtvt~tun \~·ho\C dtJr JLIL'll~t ~es .1re lwmog· 
'li••l • '.\:tll IL''J1L'L( lll thC Lthl'i of lOihlfliC!lllll. JIIIL'llll)' CO\l'i, JllJ the c'U\l~ Of 
r· ¡,J ¡'': · Jf.,,,l r,,t)tllcr dfCJ'\. 

(,."', f'!lullruiiiC\\'I"k 

\\, 1\ 'I .. IL' tJ¡,¡( ¡J¡L' f.ILI\H\ WhlLJ¡ .IJI!>ii\LJ¡,,J¡} L!lli\IJL'I\ llltllt>t>,lll~ Jll.lrl'~ 

.1,. !.•.J¡ ¡., J,,,il '1(\ lutJJ hudgcl. th..: llL'III\ 11h1Lh L<>ll\liiUIL' J lll.llkl'l 
:, ,'. \ t ll 1 ;),.; l• • .,f Pht.JIIIIIlg th<J\1.:' IIL'IIi\ 1 "' L',ILh J¡.,¡,,clli>IJ Sfto!ljl \\'C 

Ui<., 11<11'1 "''' 111 IU •,1(11 N 11,\L ¡\( IIVII Y 

!'''''! J ,, ; "¡' "' 1 ~.:1 h,¡,~ eh .IIIIUil<:; wlllch L'.1Li1 illlll'>cl,"JJ 111 tl1.1l t\'''lll' l'> .. 
J¡ffcrc'lll ' 11 \\'..: Jl'''il thc \el 1\il1ch IIILiudc'\ hut '' 111JI ,¡c;.L"·'rli; limllcd ¡,, 
¡J¡c lll.llkc:t h,¡,l-,ch LliiiL'IItl: u•ll'>l'lllcd b) llilll\Cholch ul tl1.1i typc 14 \\'e· í'- 1 .. 1 

thc huil•c·lt,,ld ltl ••Jlli!IIIIC llt'l !)y '>Ckclllif; J JllJil.ct h.J,l.ct fro111 11// ti.:.<·: 
ct:J,Jhk ,,;:, ¡¡ .. ¡q •.ll'cli!lc••"JJ' 1•l.l'll \,lll,li.lluol Jw¡ h: •c·l~,lill~ '!• · · ,: : 
pU\IICJ \él thc diJI!-...:1 [l,¡,l,c¡ 11h1ch 111.1\11111/<.:\ t!IJt h•lll•t:hu!J'> · \J\;; :l' 

TJ¡c,c .. ,J'.IIl_::," .lii'>C ,;¡ thc full\llllll~ WJ) A hulh~l11dd J¡,,, J !1\d '"'JI 
b11Ugct fur J p.Hl!Llll.if lll.I!'..Ct bJ~!-.t:l tite pilLé'> Uf lllL' l(l'lll~ lll thC. ll!li.?f 

.:ommudltlcs" bundle .1rc glll'll The re<;ldCIIIIJI budgct 1s thcrcft>re J rc,!cltui 
JetermlllcJ h! thc \17C tlf thc lotJI budgct Jlld thc L'U~l uf tht.! ''uthcr cll::ll::coJ,­
tleS" bundle ClcJrly. 11 lllJ) IJry fromm.nkct bJskcl tu lllJIJ..t.:t bJ~J..ct \.1(;,~ 

thJt thc .:h.lrJLICr of eJch uf the ft>Ur 1tems ti1Jt .:ulbtllute J re>tdcnttJI bunJk 
may vary from mJrJ..et bJsket to nJJrket ba,ket J!so E.tch nJJrkct bJsJ..ct 1n the 
mdtffercncc sct 1~tll hJve m 11 J untque rcstdenttJI bundle whtch has J un1que 
restJenttJI budget J~'>OCiated w¡th 11 Dtsn:-gJrdmg stte fur J mument. t hl' Ll>5b ui 
each of the othcr three ttems 111 a re>tdenttJI bundle m:.ty vary from are:.t tu .H:J 

For a pJrttcular arca. the dtfferJ?nce between the restdentt:.tl budget JS~tgned to J 

pJrttculJr rc~tdent !JI bundle Jnd the cost uf the bundle exclus¡ve uf the ~lte m 11 

ts the mntmum amount the houschold un PJY 111 that Jrea for thJt ~tti? \nd 11 
wtll be th.e 111J\lll1lllll Jmount that the l.tnduwner cuuld extraLt from thc· housc· 
hold as sttc rent.lfiJnd were free. JtwouiJ be a lllCJSlJrC ofthe sa1inb' <'IIJu~ed 
by thc hou~chulJ bccJw,e uf thc lu.:Jtton.d .tdi'JlltJges of thc area \\'.:- Jctlrc :hts 
J¡fference JS the huu~chnlJ's rcnt-pJytng Jbt!Jty fur thJt slle 111 thJt JrC.I 

Although we IJJve SJtd thJt a houschuld IS "tndtffcrcllt" JlllOIIg thc mJrl..~t 
bJskcts m tts inJtffcrcnce set 11 >Ccms reJSUIIJbl.: to ~upposc thJt such \J\ 1ngs 
would hJve J po,tttve lllJJglllJI uttltty for the hou~dwld Thcr.:fore, 111 the mt>J.:-1 
a rJttonal homdwlJ wtll Jttempt to obtJtll from 1ts mdtffere11cc s.:-t the lll:lrJ..ct 
b.l>ket m whtLh thme '\Jvtngs" Jrc J 111J\lllllilll In reJitty, the funLllllnlllg uf 
the IJ11d m.nkct nuy mJJ..c 11 pus,tble for thc IJIIduwner to drJW off the "SJitngs·· 
JS rent Nev.:rthrlcss, the ath'lllfll of CJLh hou~.:hold to nuxtmtze tts SJ\lllg~ \\tll 

re~ult 111 hou~dwiJ; hc111g JllOLJh:d to IJnJ 111 collftgurJtwn thJt ts optlllul fr<Jm 

the pomt of vtew of JI! th.: huuschulds thJt Jre tu be loLJI<!d TIIIS Jll\lLJitun 

wtll b.: optun.ll 111 J I'Jrctu Si?II\C 110 huu .. clwld un tnovc tu l!lCrc.t;c th '1\ 1ns~ 

wtthuut reduLing tht: ..'>JVtllg> uf ;umc uthcr huu~dwld .md '>llllUitJIIl't>ll~i) rc­

JuLillgJggrc¡;Jtt: \J\'lll;i'> Sntce \\e hJ\C lllJOC ~JIIIlgss)IIUII)lllUUS\IIth rcnt-

p.l} 111g ,¡)llltty .. 111 uplllll.d .JIJULJIIUII 1~ .ldJh:VCJ by tht.: II1J\IIIll/,1llllll tJf .J~~:c;"tl:' 
rcnt-pJytng Jhdtty. 1 ~ 

!lit' !'nlllull'wbh·¡JI 

U .Jil.l' 1\hlch I<>IJJI.IIIL ''' t'J,IJ'.<.: ,ubdti'I'>IPII "r thc rq;1 
b) thc •IIJ''•'••II':,/\= 1.~. . U 
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!~. il.: ll\1,]'''·:r "' ldc'S t'l. L·"J J\":!.rhk fur r.?,!dl'illJJ!thC 111 JICJ K m J 

f'J/11 ... l
1
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h thl' !lll,l!hér u!' h<l\h'il•·lds <>1 group llhJt ;:¡re lt> he lcc.lli.'U 111 thc rc<>JO!l 

"' .n .r pJr::cul .. r tl•.'rJiiuli 

1S 1hL' lllllllbcr uf fH,u,.:Jwl:!- uf -;ruup 1 tl'>lllg reshklltJJi hundle /¡ loratcd. 
L·y rllt: llllH~ei, 111 :JreJ K. 

TJ¡o;: :Jlll'L'J!wn model 

Tl¡r ;Jfli11Jllmc.H prngr.1mmrr:g model fnr .dlncJting liousl'hulr!:, tn l;:nd lus 
.he r:Jíltcr simple foím. ;e 
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(',q>,illllll' ( 1 )) J'lt:lc'lll !h~ ~<'lh'l!ll¡'!;,td of !.Jnd lllt'.Jc'h JfCJ frum C\cCCd· 
•: llrc· l.,nd .r • :il.dd~ ( \lll\1 r.nnh ¡ i : i ri't¡Uifc' ¡!J,: n;,•d,:l ¡,. 1"' 1\~ tJ:.: J'fdJt'LI•~J 
1! r1 d,~,... 1 , l '' l11 J1J ,..,·hc!J.., u! ~.h. h Cl .>\1 p .. , h'-''L' ~...nn ·d; ..1 .J 11, ..1 r~_. l'qu ¡]¡¡ ic:\ h~\.\llht! 

'··¡ l·l;¡,,·. (,>J t:ilhcr '''ll'c') lloll\í !Hol f¡¡ tilc' U\•.'r.oli ¡.:qt•Jrc;¡tL'Ilf'- <>! ¡1;,: lll•lJcL 
~·¡;, "\1' t:, .. L ... ~,¡p.,!r.JIIH\ \'.L'rL" \', J!tl"'lr IJl '•ih.!1 .1 \1 1\ th.Jt t}'C n~lhit..•i \~..:'fl~ '"rer . . 

'· 1 1 • r. r '· ., llrng mur~· 1 /¡¡¡¡; ; hl' pr• ']e' e 1 c·d lllllllh•: 1 ~ .11- ht>iJ<;, J¡, ,¡,¡,_ 1 !n•, 1•., >ulJ 

lll'>ll~l'!II!IO',IJI Ji! SI!JI NTIJ\1_,\( l!VIIY .¡¡ 

h .. i1·~:~~. ... d ...,¡¡}~_~,.· '.\· ... : ,llt.'lf•l..:;~'t•:J :n 1hc "ltt::¡,.,¡: \.!~c~c.! [''1\11~'':': 'llll,''"_l .d 

1}\)'J·LIP,I-..!\ ..!11.: lul l ·_·d !l•J 1 u,!L .. 1 1~ thc IJllld·~! _,,.¡ lJ!I!!/111,~ ltlf_ tiJ[l:; lt•,d Ll:·d l·, 1:1 

»rlirrn:t.:J llllr:rb':' iill>l.!il 1 1 t~ :J\.tliJbl~ IJn.l :, l'-c.lt:p On liJe •>ilrc·r h.rn L 11 ic, 

Jlht , ... 1~ :-L d t,, .,, '':l· 1h~· l,.illi).l.l:ll"J ,n \lL~l J \.,J\ tl,.:t 'h~ n~·' 1..1 h ._ ... , 1 1:11~clld 
ll'~':_·~,¡~·t.'•!:l,.._'l :~--·~.._~~'l··J~~:;.)~·I·¡¡~,.l .., ... ¡~ ·~ 1:~., )J"~lil¡~,.:l:·l, ••. 1'4,'"1· 

.. ~·ll \•,!; ... ·,.,: 1 1 1~rL .• r~ ~iuu-..clt''ld ~ru~!p~ \\!u~.-itll.t·· .. \ l• ... ~·il' .' •JI 'C!t> J..:'flt-¡':,ln~; 

,,h;l¡¡) ill ,¡JJ .lf•.',b \\ r:h,.,!l ,·p,J'.JfJI'll. tJ~c l1hl•J.J 1' u:;:d clJL'll~C llUI l\l lth .JI<! 
rh.:\;: J¡,,u:.::lwlJ> JI .JI l. SlnLC JI b.:·_t tl:~} 11uuiJ nul ,rdJ 10, :rnJ JI \\ ,,,.,¡ th:) 

l'lnriJ JHII ::.ubtrJLi ¡'wm. ag<\rcpte L!J:t -pJ'. Jf1g Jbrl!ly F,,r thc-;c r•?.l'\lll\. :1 :; 

drff:c11lt tu e~•Jbll;h :~ g•?ncr:!l rule ior th~ scm~ uf th.: l11'-'4U.dlli~~ fh·.:r.:f,~re 11 
1;; prcf.crJblc, J!od pcrfcctly rc:;son:.tble, 'u TliJ!-,e thC lllllSifJIIllS eq¡u].tiC\ 17 rhe 
ub]Cc!IV~ func:t.on ( 1 O)!.) the rnu\Jmtzed !S, of ,·,,urse, .1~grcg~tc rcnt·p.1~ 111g 
:Jbiltty. 

Uouselwlds PJJY be alloc~ted to bnd 111 the fuilu11 1ng wJys ( i) One ly pe uf 
;,ouschold may use Jll the land :!V:.IIL!ble .n an are~ Thts .vill oc..:ur wherc thal 
type uf houschold cdn y1eld the htghest un:t rent for :he lJnd in the Jrc.J :;nd 
th~.-e !S J sufficJer,t nun,ber of suL:h households to fdlthe areJ (~) Th~ l.Jnd J\Jtl· 
::hle ,n .10 Jrea 1.1ay not b~ used up entnely P3rt1:ll u•d,?atton w1!1 occur \vhc;e 
thc ::1rca hJs strung loc:it!On.tl ~,Jv:mtag.!S for only onr of the ham:.:hold groups 
Jnd 1hcre are not cnough housc!10ids of tlm t} pe 10 fJil th~ Jrca, or whcrc the 
.trc:J hJs strong locJtJonJI Jdvanlages fot 1wo or more ho'.,seho!J group~ Jnd 
these group>, i11 roto, C::!nnot frlllhc :Jr~:l. (_i) Tlte ,J\JILb!c lJ11J 111 :m urCJ may 
b.? Jcf¡ vJcmt ;f Jll houscholds !::n~ iughe¡ umt I<":t-pJying .1bilHies rn othcr 
J!CJS Jnd c:m í'ind Sites in other ~reJs. (4) Thc !JnJ JVJ!labl.:: 1n Jn a;-ca m.1y be 
ust:d by mo~e tÍlJll onc type of hoi.~sehold. Tl11s 111ll occur \'.h·~rc thcre Jre no! 
cnough hou~ehv!Js m lh~ gro,lp 1\-Jih thc h!ghcsl untl r,·nt-pJymg Jbrll!y 111 1:1e 
.n~J to fill thJt JreJ :.rnd thc; Jre JOtned by othcr househo!J~ wtth u ni! rent­
pJymg abilltJes the sJrne as, ar lower thJn, the h1¡;h~'SI ;roap 0ut ht¡;hcr 111 

tlus arc3 1h:1n in othcr Jre3s. Joint ut!liZJiion CJI1 oc·cur Jiso m thc unusuJI 
cJrrumstancc 1\ he re two or more houschold groups luvc ¡Jcnl ~o;Jl unit rcnt­
pJytng Jbtlit!CS in thc ;¡rea anti 111 JIJ othcr JreJs wherc iiH'Y cnuld outbJJ other 
gro u ps for sttcs. 13 

J7¡c Dual of lile, t!lvc:llivn Model 

Thc nu!JIIt'il ut thc Ju;¡J prublcm h ltklllic'.tl tll tk1i of 1h~ prun.d C\l'Cpt 
lh.tl thl! \llllllillll V,!JJ,rhks. xl\,· .trc rcpl.!c'CU by. 

J 1 

1\ r 

l' 
1 

th.: annuJI ít:nt pcr unJt 11! IJnJ 1n Jrl'J f.: (K" 1, 2, , U) 
!he .tnnu.d ~uh .:J; pt:r h1Hl\dw!J l'llr .,lj lwthchuld~ of gr,llrp 1 (1-= l.~. 

,11) rl1•! u•.c .rnd "l·:.Jnlllg of 1h~ ~llh\¡Jy l.rrl}hk<; 1•rll he lll.Jt!.: ck.11 
bcluw. 
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( 2 ()) 

• 11) (:~.1) 

In most l>ncJr prngrJmmmg models, the duJI presents a problcm 111 mter­
pretJt wn TI1c C\Í:.tcncc of the dual1s 3 mathcrnJt1cJI fJ..:t 13ut often it also 
contJms 1nform.Jt1on JnJ prov1dcs tns1gh!s wh1ch are as· 11nportJn! JS those 

prov1dcd by thc pmnJ!Jtsclf. TIJJS 1s partJcularly true 111 the cJse of the present 
model lf wc look Jt thc ohJCCtJve funct10n (2 0) :~nd neglect for a moment 
the sccond summJtJun. we cJn tnterJilret the first summatiOn JS the totJ!land 
ren!. 20 

1! lllJY sccm pecu!J:Jr lo lll1111mJze totJI bnd rcnt 111 the du:1! whcn we are 
mnmlJ/mg JggrcgJte rcnt-p.1ymg :.tbdlly in the primal problcm 1t c:1n be shown 
1h,Jt thc optlmJI sulutmn uf lhc pnmal problcm must be cxJctly cquJ! to the 
opt 1111Jl solut1on of thc du:il But there 1s al so an 1mportant econom1c mterpreta­
:wn of thc JuJiobJel'tJYC Suppose J!l!Jnd 111 all JrCJS \\ere owned by a 
monopoh,t Thcn thc llllllltniiJtJon of sue rcnt wiilmJnJJnJlc thc rc1urns to th 1s 
monop1>l1~t AltcrnJl1VL:!y. !Jnd cou!d be w¡dcly he!d by md1vtdu:.tl holdcrs. · 
Wc wuuld lhcn he 11111111111711lg returns to the rentJer class JS 3 whole. To put it 
:Jn(lthcr w.1y. \I'C :.tiC oUt:.>mJng s1tcs for househol~s as chc:.~ply.Js possthle wuhin 
thc LonslrJmls uf the moJel. 

TlliS 1~ nol IIClC,\:Iflly :.t dcmJblc go:.t!Jf 11 cJuscs lllCt.¡U1tJ.:s lo JJ11J owners. 
fl11t 11\>IJtC t!J.tt thc COn\lf.IIIIIS (2 J) prC\C!ll thc li11Jt rCI11 011 C:Jlh SI(C from 
Ldlmg hl.'!(J\1' thc 11n11 IL'Ill-pJ)'II1g JhJ!¡ty uf any hou,clwld lh:.tt m1ght locJlC o~ 
II>.JI 'lte 

21 
flm lllCJJJS lh.Jt 1f1e mdJVJUIIJI!Jnduwncr .:Jn rccc¡vc :Jt lc.J,I JS mue\) 

r.cr lll111 .J\ thc lngh.::\1 h1ddcr fur h1s IJnd 1s 1111!mg tu p.!)'. Tlus \\di crc'Jte / 
._,_,t.JJII Jll"hktll' 11hc·n thc holl\dw!J group 1\hJdllJil h1d h1ghc:.t do.:s no! ,,.-' 

:cl!l di;. p1rrch."'' thc· l,,nd hcc.Jlhl' 11 hJs Jll C\('Jl lugh.:r 111111 r~nl-p.l) 111g ,JhdJty 
.! ,·,\]¡,·rl" !1 1' tiJ¡, l:1tlo l.t,e. Jlld ~.c·rt.llll othc·r l.I,C'>. 111 11h1lh thc ··~llh,¡Jy'" 
'.,JJI.th/c, hcc<>IIIL' IIIIJ11lll.tlll. 

lk.u "' 111111d th.Jt J h"ll'chuld 11!11lh un b1d thc lll:•!J..:,I 111111 rcnt 111 J 
1 '' 

1 l•.lli.Jr .trL'.J 1\ lllJt IIL'lC\\JrJ!y of thc ··,,c•.dtlllc\1·· hoti~Ch1dd group 1 !1111 rc'Ut- · 
¡•,,: '"o! .dllill)' dc·pcnJ\ lljll>ll buth IOIJJ rt'nl-p_Jylllg JbJ!Jiy .IIIU \l/0.: of ,Jtc 

I>I'>IIUI!UII!I:-,(¡1 i(I',II>I\JII\LACIIVIIY 13 

pur,lJ.,,.:J "l'uuf,¡'' li··lhc'hiJIJ~ 11'>111¡! :,:n.J!l "'-' 1~1.1:- :-~ !i. 11 ~"cJ! hi,1J:r>. rc:r 
Ullll ul J.~nd, 111 .1 pJI !lclil~l .IICJ rJ¡u:, ":.uiJ,¡J¡co;." 111 tli•: ¡;·.•,121 fli.IY ¡,11 

,,s,l:;ncd 111 ,um.: LJ\C> hJ · 11c.dthy" huu-;dwlth 

In /<1 fJit'lcJI wn uj · \ub1tdlc'S .. and RCIII s 

Thc furcg,»ng >t!Jit!, tu JntruJuce the >dc'J thJt thc · ,ub,¡J;. · · .. 111Jhk~. ~·,. 

JrC h.i,ICJIIy :.t lllJlhcnlJlilJI dcvJLC 22 Now kt us cons1J.::r thc1r .::c"numJc 
JIICJIIJilg Suppo,c. fu¡ C\.1111ple, 1h.1t JJI huu,l·huld groups 'JI<'! t1•.o hJ~c h<.'cn 
lucJttd Supposc fu1thcr th:Jt JI! JreJs hJIC bcen f¡Jied S:.t\e one .\ssume thJt one 
houschuld group lJn b1d more per unll for the !Jnd lh3n thc olh.:r TlliS hJgh­
bJddmg gruup wJII th.:n cst:~bhsh lhe rent leve! m 1he :.~reJ Bcl:.tuse JreJs Jre not 
diiJS>ble w1thm thc moJel Jnd becJuse of the nJture of lll1cJr progr:~mmmg, 1he 
s~mc un1t rcnt must thcn be ch:~rged foral! un1ts of IJnd 111 the Jrea 23 The 
households wuh the lower rcnl-pJy>ng Jbillly must be locJtcd somewhere Jnd 
ti11S 1s the only :.treJ lefl Smce then rent-p:~ymg JbJI1ty 1s msuff¡c¡ent to mce1 the 
h1gh rent leve! estJbhshed 111 the :.~rcJ, houscholds of r:1is sc.:ond group mus! 
be "subs1d1zed.'' AnJ. JS md>.:Jtcd Jbove, the sJme S1tUJt1on \\Ould prev:11l e1en 
1f 1he gro~p w1th thc h1gher rent-p.Jymg Jbduy 111 th1s a(eJ a.:tually locJtes 
111 3nothcr areJ or :Heas. 

TlliS sunpk~l llllCrprctJI>on of the subs1Jy \JrJJb!es JS nol hJrd lo grJsp 
IIowcver, 1he cxJslcnce of thcse YJrJJblcs creJtcs probkms 111 Jlllcrprci.Jtlun ~~h1ch 
Jre more d¡fficult to hJndle. Not1ce that the 1'

1 
Jre spec1fic 10 household gru11ps. 

TI1crefore, once JllY houschold 111 :.1 group rece¡ves 3 subs1dy. J!l of t!JJt group 
must reccJve thc SJIIIC subs1dy. lt 1111ght be po~,,b!c to Jrgue thJt llliS \IOU!d he 3 
rcJhst1C conscqucnce of Jll cgJ!JIJn.>n publ1c pohcy, bu! 1he .Jrgum~nt would 
be a wcJk onc. For suppo~e thJt J!l "l11gh mcome" househo!Js but one could be 
Jccommod:~tcd 111 J pJrtiCulJr JrCJ Tlus leflovcr houschold \\OU!d h:.tle to 
locJte 111 :mother Jrc:~ lf thc locJt1on.d JdVJiltJgcs of the fnst :.trcJ werc cxtrcme­
ly !Jrge but othcr Jrc:.ts wcrc h1ghly un~Jt>~fJdory to "h1gh-in.:omc" hou~eholds. 
wc n11ght f1nd tlwt tl11s lcftovcr houschold hJd a /u11a rcnt-pJy>ng Jblhty m 
Jliothcr :.treJ~ lllJil compct111g houscholds of othcr groups Smcc tlm J¡,¡u,chold 

musl be loL.tlcd snn1~11hcrc, 11 wdl thcn hJvc to be ,ubs1JJad 13ut 111 1he 
pro~.c~~. :.t!llugh-lltullllC hou,d10lds 110tdJ be subsJdJ7ed. rJt,ing thc>r r_ent-
¡JJ} utg JbdJtJcs 111 1hc fir,t JrCJ to unnCLC,~.Ifll) lugh lcvcls. 

\Ve ~.utdd JHliJ 1Im pr11hkm hy di'.J~=-~cg.JtJng huu~.:hL•Id:. .>nd h.n1ng J 
l'!llhlr.llllt ( 1 ~) for C.lch 111d11 ¡JtJJI huthCh!Jid But 1111~ \lotdd 111JJ..L: llllf prubkm 
c\trc•mc:ly tlllWJ.:!Jy ,\ hcttcr ·IJ'PI\IJLh wuuld b..: tu J¡,,¡;:grc·,:;.ll.: Jr,c•,¡, Jftcr J lllll 

uf lhc moJ..:I llus llu>dd 111\ull'..: 'Phltlllg .111}' JrCJ 111 \\hlch l\\ll l>r more 
dilfcrc·nt !wu,..:hold 1)¡>.:\ loc.IIC 11110 I\IU or lllllfC ~ulurc' IS .:.1ch l'll.llptcd hy J 
'''1glc hulhciJ,,JJ typc."4 Rcnt kvcb lllllld he JUJU'tcd. "'lc'"''h!) by IJ\IIIg .tWJY 



:1 •,f'l)lfí \l~¡J\,11\ ( :;:\· ..... Jl~lti~;'l ''(1/lll~. 

f:\•:: lt'.L'"···~..·~., i:.~_ .L'\.!tJ ... fL'Ilt· .. :rn'~·l)'' ...,,h:, :·:· ¡j,.,: \tJh.._J,l,,.,, f(,••¡f"' \\.',¡J}J 

1lic•1 :_.,. ,·,¡•: d ,,, iLili-p.l~ m:~ Jbd;t,,. ,.,, 1:1 ]¡, •::,d,,,¡,¡ !\¡·~'.In·! ,:.1), 1.! . .: ;, 

llf!llL' !~J1-."' \'.~ !t,¡• .. '}l\.•.':1 (jl,t,.'U,'\ 1 1·~. \'••',,.· i·: · ... J¡l}J¡t1,1;l'J.:IIi 

,\'t.' d ,L·, ';'~'' -'.:'.illcH¡ \\,:lJ!.J ... ·p ,) ~ :;'\ t~' • 1 )~"1hl\l•'' lf...' ~ \..' .t ·n !tl'l" :~~·)J~I 

tll \'.hllh ,:,¡J¡, ~~.·: ~'.11 .... ! (1/-lltll~ '' :, .: .·í1 ,\'P''Jd:\~ dihf 1...11' ,_·¡¡) .• J.tl~íl"IH 

J•'Il[ (fl 1 :n 11-:l~hl'''' ; \!l~.dJ f'Jtu:'" n~ .. · L~·:.lr !JlP~I jf}l:J]lf~~! 1~1;'\'' \l'.~J('OI1 

fp t!, ... ' ... tl!lfld'lt't:" ¡¡•,\d .. :I i'\ 1. ·.p~-..!.· 11 ~ J:lipu:::nlt 1!1 Jil~-, pr H •. ! 11...d .. p¡)11 .. J;ltlll ~IJl(.¿' 

lh<-' :.nrcr '' ,.,.,::- Li¡tfi·.lll! ¡,¡ \,,Jvc có Flnth.:rn~<.Ic_ rhc iii1,'Jr pr<'_; .. Jm,:n-16 nll·,,Jc.:J 
m .• y ,¡cru.dl) he rh~ m,•re rcJh'>llL of t]Jc 1110 A trul) cOillllllluus uwdel 
~S,l:rJl.?~ J fn.:Juf lllilll,'l,JIH\11 JilJ St1pllhileJl!Oil Oll tht: p.ld uf no11J JJndtH~ll<!fS 
JnJ h•1U'>el••ljd~ 11!11d1 '' lll'l li!-..<.:1¡., tu C\b\ 111 prJ~t • .:c From ihe IJnJLlwncrs' 
ponll uf nc•v 11 1s llJrd w llll.J!;PlC ~ rc..~l SltUJiiun whcre thcre are m:Hk<!d 
v:m:1t1nns m res¡JcntiJI rcnt Jmong cont¡guous ~~~~s. fruti! thc hous.:ho!ds' pomt 
Df v¡cw, JI scerns unlil-..ely tk1t war¡guous s!ICs 'Y'll be rcg.Jrded as havmg 
d1st 111<.:1 ly J¡ffcrL'nt loCJtlonJI cost ~no .¡d; Jnt Jges. 

Wc st¡JI h.nc not deJ!t \I.Ith onf' 1mportant problem. Suppo~<! thJt a certa1n 
·wuseho!J grcup hJs ihc lugh.'.>t rcnt- pJ} mg ;¡bJ!¡ty m an .!fea but cJnnut fi!l it. 
\-;~umc th..1! ..~Jl othcr hou~clwlt.ls l~Jve ~ught:r rent-pJY!06 JbdttJes In othcr 
•rC'J'> Jnd can be complete!) .JLComm•j!]Jtcd 111 thcsc Jrl'as. T!liS \\ould mcJn thJt 
he ;Jnd Lt'nstrJIIlt ( 1 1) for thc JrCJ wu,J!J r.::mJin an :ncquJitty Jt .Jn C'·ptunal 
oltJIJIIil 1:: J,'uHdJncc \\ tlh tlii? gencr,d sr:uclure of Jm.:::..r pru:,;rJIIllllll1g models, 
'11s me"ns ¡í¡_¡r the r~nt vanJh!e .:•>írc,pondmg lo tlm ..1rea should be equJI to 
ero !11 cconoiT'k th•'ory, land, :!S a rc>ource fo~ th.s hou;;elw!J type. is then not 
?~:Iy se !lec .J!ld should ..:arry :1 ?ero rcnt Yt:t :he Ju;;! wnstrJinls (2 1) for 
•'\? ;¡;,;:.~ ír(pl'!e !hJ! thc lJnd :cnt be no le~> thJn 1he L.ll1l reni-pJymg ~bilt!y o! 
1y huu .. clwlJ "' h1.:h mtghl !LJt:Ji~ there. We :1pp.::ar to !uve a contraJ¡cilon 
nlc<s thc hotJso:holds wlnd1 m.tkc thc h1ghe>! b1d h,¡vc lera or ll(~.Jttvc umt 

nl-pJylllg Jbi!rty m the ,neJ. lfthcrr r.::nt-pJ~nng Jbllrty ts str:LIIy posttive we­
'J1C'Jr: tu finc.J J:l llllits of !J;~d j;¡ th.: JrrJ cJrntng J po<;lltvc ,.A cve!l t hough 
,nh: nf thc unll~ .nc not comum,:J .11 J!l Tlm wuuld sec1n to 111Jkc ,]¡;:: value of 
•e ¡J!!,il uhJL'Lli~C fwh:tl"n I..Hgcr th.1n tl¡t: \'Jlue of the prtmal-t•hjc.:ttvi functton. 

\\(' nuy ro: .11hc tlm ~onct:plu.d Jilt?mmJ 1fw.:: fl'l',dlthJtlhc .. ~ub~¡Jy·· 
11.1hk,, '> Ih't:J not bl· pn\llovc. Thcrl•fnrc. \\C CJ!l fu.l.flll hoih rh.: lOtllfrlton of 
¡o lt!lll llll unh!kJ .Hl' '' :u'1J !he .:Pndl!tun tlf 111111 rcnt grl',llt:r rlun ur Ct111JI 
unot JL'Ill-pJ~ '"::' .,b.IJt) lll .111 .trC.I'. T!Je rw~.llt•c '\ull\IJ) .. ~.l!l he rt:gJrJcJ as 
.,_,," "n iho.: ll"tr-c!J,,JJ, (l'<JliJIIo 1h.- rl·nt-p.IJ. 111g Jhilrty of th.:: liou~..:holJs 
tiP: .1re·, ,,¡,,,¡: 1ho:} •h l'liJ>} hui J,, nut ftíll lo h..: '''<'d ·"a ",uJ>,!t\)" ru the 
,,¡,,.,,," r 111 1h.:: ,IICJ ¡,, "pJ) .. hllll for rh.: L1nd .l~l111lly l'lll'l,lli!W•I 

B: lh•ll 11 !11•)- h.,-..: OL<.urrcJ ro th<.' IL'.Idc•r l!ul 'lé h.•1~· ,,-,.,, 11cJ :h·~ 
''f'IIJII•·llll•',t:''"Y ltlcJdhlfllll J el: 'lc.d r,lll ,¡pf~ct: ltnll!c· r,_,!lll!l C!Vc'IIJ 

'!' "l 11:~ 1•',:'•·11 \\0.: cllt:IJ pi.JCC ,¡ h!t:c!... llll c'.h!l.IIC.I ',\dh ,! l¡t:1;)11 prop•lll:tlllJJ 
tJ,,· 111111 iLIII lil 1h.: ,lrL.L Th,~ surf.¡,_c tln:.;; ~llli,lrl\,t~u "''u!,! il.HC J¡s­
illlllllilc' !111t p:rh.,~h, ul~l'<·ntull~t'lt~ ,u¡f.~c~ ".lct•l di) lll"' · rl·.,:t,tr~ 1:un 

J¡J\ll'!i'.l'i!!•',(!i 1<1\lf,J·\Ii·\L,\t 11\llY 
_¡: 

!]J..; "'i':l~ldlJ ,¡,¡! !LC llfl.f.I'>')IL.IJ thcory ·\ ¡,¡u\I¡Jllhl.il : 1•L"I•'j ·d 1l 11 it.=PJII .. "/1 

.111 •lrc'~ul.:r '''l"':OI,IJ'h} .tnd 11 llh¡JPriJ'I·l11 '\'''~"l. '1.1 1 11 1 :J J•.!lo:ll' •·1 \ •llci 

'!'.e~. ,l¡,.od,_l III>Í f.O.: l'\¡lt'el•:.J lll 1'\!Jd111 '>ilH'Il!h fCl1 1 :;: Hi1,''';' 
J:.~: ::!1;~1h'\~ 1d ·ill~ t...:'ill tL.;~..~~~JI!'illl!:L•, l.c~1 1 '- ·.: ~·~ ...... J 11 ".~~ ... 111 ,¡ ... '11, ~ 

tlLil !JIJP'-t_l •. )d,¡L'L'd n~~~ ~)Jd the fuli .ill!.._:.:¡:. ~·~ :1 .,_.; ¡,·ni-t'·l~ lf•g .~bdl:!~..· .... tr 
thcy 111' .1hi.: (tl 1\111 l.1n,l h) Jlhl ülllhit~Uif1g el;lll¡'~i,n::; h 'l'·chtdJ.;;. lllc: c.·ll ·· · 

rh.: d1f ft:•e'ilcL' bdi\CO.:il rcn!-p 1) 1Pg .Jbd!l} ~.¡J ,Jcltl,d JilllJlllll h1J 
27 fh~ 

I.IP:lul\loc'r IP.IY he :Jblc iu C'\lr.ld 1h2 fui! ren! tf. JS 11~ ~u~pcct. ht: b lh.: .IHHC 
r<ll\élfllli'li~JII:¿¡_ J3ut ¡f !!i1'1•: .lfl' .ldUJI!y J J.¡rg¿ llUlllbcr uf ,,n,dfetlill¡','llllg_ 

IJ1:uu•• n·:;s. thc!r (J.H6-11l~•il~ t'ti\\'Cr m:J~ 1101 br nlllch g:~J\cr ti!.1n ilut ui thc 
!ll1thChll!d~ fhcntru.:: n.:t f(·nts iliJY be:¡, h1gh ·" thc rcnt-p.l}lllg Jhditi.:c.of 
thc holl'>l'lw!ds •d11d1 occury the !Jnd .. ts low :JS shghtly ..~bor~ rhc highc'l b1J of 
comoctlll" lll)uscholds. or somcwhere rn bellle:?r., anJ 11 tll d.:p.:nJ u pon !he 

' ~ • "'8 
pJttern uf !Jnd owncrsl11p Jnd the v3gancs of the la11d rnJrl-..et.-

Sume Unl!taflolls of tire Mode/ 

\l.l!ly of tite !llnt!Jtlons vf th<' moJd :Jre Impltl'!l 111 liS construcllllol 1 h.:'} 
~ncll:t.le 1hc folluwlf1s (1) D .. IIJ problcm~ ll 11dl often be J¡ffh'llii 1<1 obiJ!n 
consisto:nt dJI:J on holhelwld buJgc!s :.tnd !;,_,res. :Jill2lllly icvt'!', ,1nd cosl~ . .:t..: 
For rhc prescnt, 111 thc hght of prdi:Jl!nMy surv.:; s, we Jic J~suntml,¡ t h.:t '' wJ!l 
be po-;~1hlc to c'btJm JJtJ wl11ch, though cruJe. v,¡IJ be J.i~c¡IIJ!c lo p¡,¡l\c· ihe 
moJel .JpcuttunJ! (2) FonccJstmg problcms 5UC~c,:Jul use of ihc modcl 
J.:p~nJs upon obl:.Jilllng Jcc.JrJte for~l'JSI~ uf thr numb.:rs Jlld clLrJclcrbllcS uf 
local !On-sccking housc holus ,111LI of thc a mount > of JY:!tlJb!c !Jn.J. (_~) Re,¡ nd 1011 
uf thc Llw¡o.:cs of a huusclwld to:; stngle mdtffcrcncc sct tlus rc~triL'Iwn mJy 
prcv.::nt 1he rncdcl from :11 ht.!ving a :ruc optimum, sm.:c lwu~dwlds CJtllllll ~111ft 
';u ¡¡¡J¡ffert:ncc st?byiciJmg l11gh·~r kvcls of•;;¡¡,,fJo.:!JOil lt'o..:IIIOil:Ji ~vm~s 
lllJ}' 1H lll.IY not con.;t¡lutc :~n JJequ:11c pru\)' for th.:: s.!ll~fJctions tllJt nughl be 
g.uncd ih[l)ugh lülllJIIUous 'ubslrtuuon (·0 Opttllli!Jltun o•·cr J numlwr ,,f 
tiL'rJII\'1? penoJ\. thc moJd P¡lllllli7CS flH mJ¡v¡JuJIHcrJIJ\\! n.:rioJs lt lliJY Jl!l! 
hc rJliOilJ! ro ,t\,lllllC ih.tt .111 aggrl';;:!lwn of \llLh opll!llJ 1\III Cl>Jl~lllllte Jll 
ll¡>l!llllllll for tltt: .t~Icg.tl.:: tllllt: pt•r¡oJ (5) fht: ~lllltli!JtiL>ll pn~hii.'JII th~ l.tt!IIIL' 
uf thc l!llldcltn t.Jko: IIIIP :1ccount mlcr,ld!t>lh (oihe·r th.111 ~!lllljlt:IJIIO!l fnr 
J.11lci) lllltlll;;! h<>'hl'hoJth !ULlllltg 'ollllidi.II!CIIIhl} t<; ,l 'Cllt 11h Cllllllgh Jilllll llltlll lt 1 

11 1r1 1111 fu, rl1cr di\•.ll\\lt>n 
lile• plt>hlcllleJil he• d!,htl.llt:J h) ''"'"dc'llll._,: tllc o..llllllli.illtlllt>l """''¡,,,¡ h 

llillldti ,llllu:lltr.lllo>lh 111 J<'h 'IJ'Jl-'illll:lliO:, l~ce.d! th,r! \le' lhl' .1 P"'h.dll!ll) 
llllo:r~ll.lllgO: llllldo:Jto dctc'llllllll: ::.ll'l'i ~'''' lill'. reqlllft-" ¡J¡,· dc'\e'I"J'Iliclll ••! 1 
.,,., "' L' ,;l., ted 11 1p .;,hh f,,r e.1~h ,lrt'J ''ll ihe' h.l'il\ pf thc llll"th,·r 111d J,, 111•·11 

••! ''i'i'' llllllllll'' lur lfljl e'lid, 'ihL''(! L'\Jlt'llc'd cll\b lrL·J¡,,¡\¡J~ lllilllL'IIcL'd h\ 



\(J "1'1 ll \ lllJ'\l (11 I'!UI \'\\JIU l ll J{l \IODI:l S 

l!1 .. L'\J·,:~r1, ~· <11 ]¡;~: ... ~ l'¡'J¡,J,l~Jlh.'lll "-"-'111l't .' !J .... h ,,1\' !.: !.1f' LPd ,)f1fh•li!JII!IIC'S 

f,,í 1 ::,:e' 11\IIJJh,•¡:, •>l 11"r:....:rs 
lile' ,]JIJI,ully b lliJI lillllll.IIIY l~t111,<.:!Juld<> !llJ~ ¡,,,.IIL' 11llil.' .JII?.IS lh~Jr 

\1 ;: L"ll~'J,,: 1;1~111 ,_,111,'1> .111J IIOI CJIUli:,Jl 111 tilé ,11 '1' ,:1:' ,11111,1• •.; ·illl!ia 
,·,,¡ 1•1••: Illl'II! eCIJ','I~ \t JI! uptlm.Ji ">ltiiillll 11<.: n:.,: i! ·J d:.1i tl!CI.? .:re not 
e'lll'll~il jl>h' 111 .1 IIIS>? CL'lll>?r to ~eCUlllll!lld,IIC Jlilhn:·.clio!J II.ISi>C.Hil~IS su tllJt 
''>me ,,f tkm 11 JIIIJ.J\C tu trJid r.:!Jtil'd) lung J:.t.Jn,cs ''' f111J Júhs 11m JS 
111\>í<.' J p·p>Jcm 11Hil thc nHH.h:lth.JnwJth tile Ié:JI ll'oriJ J!tilou::;ll thcre ts sorne 
L'l 1J.:-nu: le) tnJtLJlC th.11. gtvcn l\\'O LL'IliL'rs uf cmph•; llll'nt. hous.:-holds tcnd to 
1W<.:I1t till'lmcllc' IOII,11J 1hc Lugcr one cve11 tf th<.:} Jrc nut surc to find employ-
111·:111 thcr>? lt !11J)' be rh.~t ncJr thc !Jrgcr ccnlcr 1!1::) C\pCL! lo hJie a 11tdcr ' 
rJngc of ,bulLe of empluymcnt ~nd be 111 J bcttcr pu,ltiOil 10 find JI10ther JOb 
sl11 >tdJ t he y be l:ud off. 

~CICrthclcss. t,he modcl lllJY gtvc us erroncous results bccause of the cumula-
"-twn ph.:nomcnon TI1ere ~re severa! w~ys of hJndl111g thc prqblem but none of 

:hcmts completely SJltsf~ctory. One approach would be to a¿stgn households to 
Johs 111 ~JvJnce of the mod~l run For example, supposc we were dealmg with 
a mclropolJtJn ~re a with une r~lJJor Jnd onc mtnor rcnrcr of cmployment for 
11orkers of a p~rttcubr huuscholJ group Assummg onc worker pcr household, we 
couiJ thcn break thts group into tw,o pJrts rn proportron to thc number of jo'bs 
JVJdJble Jt the 1110 ..:cnlcrs One pJrt would hJvc Jts trJn,port cosrs computed 
JS ¡f only 1hc mJJOT ccnrcr c:-.tstcd Thc o;m~llcr pJrt would I!Jvc trJnsport costs 
rc!JtJvc to thc mmor ..:cn1cr Su..:h :Jf1 JpproJdJ would grvc stro11g JocatJOnal 
JJ1·:rnt agcs ro a pproxJmJtely the rtght proport t.ons of hou,cholds near ea eh of 
thc 1110 ccntcrs Jlthough J succcs~ful solutton would '''" not be guaranteed. 

t\n ~lrern~ttiC :rpprnJ..:h would he lo mJkc lrJv~l..:osts J functton oftl{e 
number nf hou~cholds luc~trng rn partt..:ubr cmploynicnt Jrcas Unfortunately, 
Ilns would TL'4Utre a nonlrncJr program whllh ts much mPr,c J¡ff¡cult to solve. It 
m1ght provtJc a thcorcttctl solution lo thc problcm, but nota prJC!tcal one. 

rtnJJI), Jll Jppro~..:h nught be Jcvclopcd out of rcpcJtcd U<;e of the model. 
1 f 11-: fllld t h:11 urmuL1t ron or..:urs, wc n11ght be Jblc ro Jet crrmne cxpcrimentally 
lu>l\ prohJhiltlres slwu!J he Jltcrcd or 1\Cightcd so J<; to produce a more 
"rc.dt\t te"" 'olutinn. 

. 1/r( rnat/l'e Apprnachcs 

lt" IJ'J'i<>prute' .11 tl11, Jhllllt to dhcU'>'> lh.: qtiL',II<>ll of .tltcrniiJ\C mod.:l\. 
\\'e· I!Jie' u,, . .¡ J hnl'.Jr pr<~gi.Jfll hcc.Jli\C Il .IJ'J'l'JI'> lo .illord thL· b.:\1 L<'lll]JrUII11\C 
'>e!'.'.c'cll th<.:<>rt'tl• .d c·k~.lllc<: JIIU pl.ldll.d .1ppl1, 1h1ltty \ !l<>llllllL'H Jlll>grJJllllllllg 
1•:·· Ll '.',Pide! h,· .thk lo h.111dlc !he liJilJLtlJlton prllhkm .J'> 11<!11 J' prc•hkm~ \IJch 
'' li.c e·l(" t ,,¡ 11.tlli~ congc,lion un trJIL'Illhh, thL· L'lfc'd <>fgro11111g rC\tJenlt.d 

,!,_·, 1::,, ••11 l1<><>· ·)¡,>JJ dl'LI\ton~. JI1U rhc L'll~d'> ol Lh.lflging !JnJ thc: o1t Jlll<!lltty 

1>1\11<11~1 11().', rJJ IU ':>IDI 1\iriALACIIVIfY --l7 

k1cl, 111J -<>''' !l,¡¡ 11 \\lil u<: ScllllC l!IIH: bcfure tk· II•~II! ~I>IIljllll.:ttPilJI 
tc,!JIIIq\:é, f,q ll•>:l!n,.;,¡¡ pr<>gl.llllllllllg,OCLOI!lé CLUllul:llc.IIJy :-~,¡,¡J!Jc f,,r 1,,,'",:-

\L,dC ¡li<•UklllS 
\\e '¡'CelfiLJily rqco.l muit1plc rcglcS\Júll modch bCLJII'>C t!J.y t.:Pd tu JliUJéd 

lile' 1' 1'1 1111<> th.: 1 .¡;ur-' lll ,J \\ 1~ "h¡,l¡ fJ!IS lt) r<?LUgi:J/C: 1:1c h l'k ,(ILLi~.r ¡J 

ullcrr~Ltii'!',IIlpS 11:" JLIIIIIICS anJ IJI1U use, ~ 9 ¡-,H '><>11'~" lut tilc ''n ~ ,, ''<'il 1•.~ 
fL'cllhJt \llllldJtlon muJ.:Io;; Jp no! piOitJc the tnust protni,(ng d!!cc!Jun for 
furthér rc:,cJrLh IIL)WCI'U. curren! Jc1clopmwts 111 ,¡mu!JtJOil mod2ls fur 
rc"J.:nii,JI Jcct'>IUllS Illdt..:Jte thJl they wtll gtve much b.:ttcr rcsulb tlun m~Ii11pk 
rcgrc~-;wn lcLiunqncs And tt rs J¡fficult to 1gnore the pO\~Ibtllty lhJt rc'>l,knttJI 

pJltcrns m~y be lllOIC rJnJom thJn rJtJOnJL 30 

, FtnJJiy, tl ts 1111puriJill to recogn1ze Alonso's u111quc ..:ontrlbutJon tn the 
dcvclopmc11t of ~ ngorous thcuret¡cal moJel of res¡JentiJilocJtJOn llts metlwd 

1s J¡fficult lo appl¡ J¡rcctly, but we feel that our hneJr pro~rammmg moJel 
providcs an anJlogous approach that is both acceptable and workable. 

31 

Policy !mplicalions 

Thc modelrs JppltcJble lo public policy dectsJons concerntng zomng. 
trampott:Jiton, rcJcvclopment, pubhc houslllg, segrega11on, and orher .JT<:J> of 
publ1c tnleresl For c:-.Jmple, the modcl could be run wrthout wnrng rc,tii,IHlllS 
Thcn rcslrrctJons could be apphed lo determme thcu effccts, tf any, on rcnts Jnd 
rc<;~JcnltJI pJttcrns. Snm!Jrly, the effectsofaltcnng transportJtton costs ..:ould 

be tc~tcJ by nwlt1plc runs of thc modeL 32 

\Vhcre rhe modcl g¡vcs ht~h rents 111 arcas wtth lttt le JVJtiJble !Jnd JnJ ..:lose 
to exl!>ttng bhghteJ JreJs, Jt ma.y md1<.:JIC thJt thcse arc:~s Jre ripe for r.:J.:Ielop­
mcnt.Moreovcr. the c\rstcn~e of lugh rent Jcvcls would mdic:.~te a low co~t of 
\Hiltng Jown thc !Jnd. 33 Sorne areJs mJy cxl11bJl c\trcmcly low rcnt Jevcls 111 
compJrt~on wJth surroundmg JrCJS. These lllJY be ripc for rcJcvelopmcnt lo rJtse 
amcmty lcvels (.mJ reduce amcn¡ty co~ts). Bc..:ause the moJel <.:Jn tdcntJf} the 
"sJvtngs" thJl houscho!Js nught cnjoy, not only on VJL'JI1t !Jnd but abo 111 
pJrtJJ!Iy JmprovcJ JnJ butlt-up JrCJS, ti 'houJJ be of Jntcrc,t m prublcm~ of wn­
~crv:~tJOn Jnd rcl!Jbtlt!J!Jun JS wcll JS rcJcvcloptncnt. In J!l ofthcsc JpphcJ!tons 
11 wuJJ be u,cJ :~s onc typc of ..:osl Jnd be11cfit an:~lysis . 

\\'e 111.1y 11 1\h to u·.c thc modd to ..:um1Jer rL'JI ,ub,¡J¡cs lo lwusch<>lds 
wi11Lh hJ\'.! ncgJttlc rcnt-pJytng .Ihtltty 111 JJI or llll>>l JTC 1s Te>!<; couiJ hc nuJc 
to Jct~rllli!IC 11héthcr JI 1~ llllHC ctfcd!Vl' !ll rJI'C lhL''L' huthL'illlJJs' hh'.l!lllll 
huJgch tln,>ugh JIIL'Ll ,uh,ldtc, (thcrcby ,Juflrng thelillllt.> .Jllothc·r h<>ihciH'IJ 
g,rouplur t\l r.:UllLC tllélr loLJtion L0\1 lhrlHigh IIIUIICCI \lllhllh.:, (e g thlllli<!h 

., ;HihhL hoth!lll,!) Th.: clu.d VJn.IlJk,, togcthcr \\ lth knl>Wkdgc ll!" thc lill d .Ind 
lnt.JfttliLII hudgét~ uf ,uLh hou,.:JwJJ,_ C.lll JliOVHk .1 tn<:.l\llfO: ol h<>W L11,:.: 'ilch 

,tJ!J,idtc·, ,J¡ou!J h.: 



\l'¡'ll( \l!t1',t\l; .'!~\\ '·-'11<' ( ~~~:{! '11}()11.) 

'\,,!¡,_,• il •1 tf,.• IJh\d~:l \.. •!} I\..'L''~J:¡ ·~ 1 'l : •• ~ "1.'_:!¡•.•; 'l!11J; ,\•'d •]/Jill.!f p~'fil .. l\!5 

,f 1),:\ h 1.,,. 11. •·111 .1.!.:: ,j,,ll,,r ,. n-:·,·•: ·· · ·< reJJ, -P ·~ 111~ ,hd1!1·:~. lt un 

,f11 !}!!\ ,·¡ 1:1· 1.i1 1;1t..."' 'tilio...' \ ..!) J· li f • .' · ' 1 , , :; .: ¡,,,. 11 •1:. ·, ,t, ....... c_,f r.Iil :LlJlJr 

¡ l • '.., ,-\ ), \ '. 1 1 1 1 .: \' ~ - ~ 11 11 \o_ 1 ! l_:: ! 1 f : : ,, ••• 1! lf 

..._' , 1 .., 1• 't ¡' lf j¡ ·• , ' ' 1 1 :· 1 't ~ 1 1 ( \ ~ ~ I O hU U ~ ; l d J J 
k<~hii.·s 

. · · 11_. 1 L 1il' .•1 _. t f1 ~:;L -~.llll..:nltJ •. 

·-~ ·11= ¡'Jllkt:!.Jt 1<lcJ!JoJn.d 

\•:L .. :: ~,.'\l'I \\\.' t:.: th~ Jl1''1!L} J'; J gu!llt,; tn p11l!l~ -Jl1J~¡ng. \\'1.! nHJ.-\t b~ cart!fui 

/~11\ \\._'do Jllll h,Jih2 ~j'llfiüllS Jlh?JP:I'3' /O i/, oulrl't rhcre 111J: he SOCJ.\l 

\lc·lf...~ ,umi<kl·"''''h ,,;lic'JI JfC none..:uiloi111C: .mJ '.\lllc.Íi Jrc nut reiledrJ m thc 
n:"·,.,,:J/Jlll'IJ t'f .~:;~rc¿:a:e ren!-p:J) rn::; :ihJI¡ty .\nJ th.::;;e noP~conomrc con­

'iJ.:r.il!un~ ,~wuld 'r•.:: !J>.;en :nio ;;ccm;r:t O)' the puiky-m:.Jl,.:r He fliJY deude 
:h.!! J Jrue s•.>uJ! op•,mum can be .H:lllc·.'ed only by dC\!Jtmg fro!ll the pattern 
pn>du..:cJ by rhc moJel. Jf 1¡.: :loe:;, :he n!odcl can tcll lnm ho\lt much tl>e Jevia­

twn wrli rcdtiLC Jggreg;¡te rent-pJying Jb!llly In O!her worús, an "optunJl" 
1 e ;:Jcn! 1.:1 p..: t !crn un be found JgJrnst wl)TL'h to test 1 he effects of :.tltcrnat tve 

pn1g, :llil'i of publ1..: t:' pcnd!l~Jre ;¡nd control. Although n \~JS dcs1gned fur t.. se by 
J trJII>porLJ!Jon ~tudy. !he moJel h.Js implK.JIJons Jnd Jpplications whkh m:Jke 

rt U>·~f·tl 111 J ,¡w..:h broJder range u; ,Jeci;wn prubicms. 

Aion<a, W, A .\!odel of the U,-ban ~ 1nd ~1J~I\d Local :en .1nd Dcn'Itit:s of 
Oweli1n¡;s Jn\l Bu;;¡ne~~cs, unpubiJ<;hed dc,ctLJr.•l dl<.~er\.JtJon, Unin:r>!iy oi 
1\:n;o,ih·,,niJ .• nicrvfllEJed ( El(iQ) ;\ hn:f dt:~cr.pt1on of th·~ -rrodo?! lS to be 
fo,ln<l 111 ,\Jon~o. \V,"~\ GcnerJI Theo'y of th<! UrbJn L,nd \l.nk.:t," !'opas and 
Pro~,'! cl111gr of t/1::- R.:gwnal Sncnce .1>soc.uuun, Vol V:! l 960). 

c~IIOii, J D 'and B:VJS, H w' "Prl!d!Cllllg LüL'Ji Trnd lll Urban Rcgions," 
Pu¡;en un.l f'wtr.ed11•gs uj tl•e Rc•g(l)r>Jl St .ence ;lsrvcla/10·1. Vol l/l, p~;. 1 d3-
t'17 (i'l.'i7). 
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ChlL •g.o Ar~J Tr.Jn~pon~tion S!t..dy, 1/lvcann;: !'t,;Ju/arwn to Sma/1 Arc>as, 

C'b1:.1g0 ti 'JS 7) 

!)o¡fmJn R .. SJrnud,on, P.\., .1nd St,low, R .l.111rar Programming and 

l:'umum•, .lna/.1 Hr. \hGrJ_\\-IIJII. ~ew Y0rk ( 195~).-
í;,,lc·, (). J'ht' 7 /¡,·,¡")' uf!.JtiCtJ' Ecvnomrc .\iu:ielr, :\icGr.:w-!1111, i~l'\'J York 

1 1/i>O 1 
(~ lfll,nn. \V. L. "Tuw,¡rJ a Si!nublron \lnJd of Crh ;n Growth .tr.d 

ikLcl·•¡'ln,·nr .. p.1pcr prc•p.nc·d for th· S) ll1J't)'o1Ui!l •>n l 'rb..1n ')~utlin. 1 ¡,nJ ( 1 <)¡,!))_ 

\l•rl•l. JJ F. ·rr.n•rort hput' .!1 l'rb,,,, l!L''Jclo:tJ.d S:tn:· J'oJ¡J•'I <111J 

~,,,(ttr//ltt,'\tlj//,L f.:t'...'lui1{]/Stl<'fl(;~.f\•Ot.f¡Jf;t•"1, \•,1 \',í('· 2~.~-~ll74J 1 J5'J) 

c;lt.' ~n'. B 11 .. \ Ht:~IL\V uf :h .... l JltiJitJrl.' 111' J i'~':.t: \1tll:'"'"1·, .Jn'~ \!~·u,:h 
:•r')¡•.Jiltl \r:d ,,,, .. J,,urnt!/•Jfthe.lmuuan/Jllfl<lil< oj/'ftl,,,, .. ". \o) \XXVI, 

·" ~ I'P ~S~-~'"\ \"t:>J'ot, lY(,Q¡ 

'-;/,":·,·:\, 1! 11. ,:,.! c·.,,,:;!i!Jn. RE ... \ '\c>lc' "" ¡,,,_. · "i .:· 1r l'r•1 ·1 '""''1: • 

for" ~1\.·lrL·p•dlllll ~<··sJ•Jn."JuronaluJ Rc,.::•;l:cl.'Stli!t~<- \ • .;l. \tl ~ Pi' 
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4. 

., 

N u tes 

Forap.liiiiUI,¡rl~p·:ofJdl'iiYillJJ'"rll,tiLJrJin.!!:l ,'-rloJ prc\:uu·,Jy 

lo.:Jicd .Jcli~lllt:~ i.'DJ:l(1il\C all J<'ll\JtJ'-\ ¡,), J!cd 111 ~·:,,·,q¡-; pcr1nd, plus 
:Jc\1\ 1 t 1 .:~ of othc:r l) pe~ ¡Hc>JO!•Si) Jo,·.lled (h) orhcr ckr,¡,·nr~ 111 !he: !Jr!!cr 

lliOJcJ) H1 Í h·~ ·;,IJil\! pC fiOd. J 

For c'.Jil!Jlle. 1f ~>•? !Jl..o? ..:n edr ~me cJSc w¡th .1n JlerJII\C.: pcrJc)d of OH!! 

wcek, thc nulllher of land us.:rs th"l w;Jl he loc.d.:J 1r. rh.11 fJ"i•C'd !S l1kc!:,. 
to be >mall. 11 ~ú~ll1S reasonJbk, both conccpll .. lil} JnJ reJIJ~llcJily. to 
a;-;umc t!JJt tiJcy w.l! mJke therr Jo,-JtiOnJI deLJ'>:on' IJr~<.'!y inJq,<."ndcnt of 
ont! another I-luwcver, mtera,·tron> betwren user~ lv..:JI.:d in J p:niJcu!Jr 
wcd; Jnd t ho'c loc~lcd m prc\ rous 11 ed,s wJll he r::c,)~nv<.'d w '' h 1 h.: rnu il 

thJt a va~t rnJJürJty of the l!nport:~nt mtcr:Jc!Jun~ are !Jl,.,·n Jnlo Jccount 
For Penn-Jc.:1scy we cnvJs:~gr Jn ll<'fJ!J\e pcnvd of at k.1~t J }t:Ji. whrch wJli 

cert:~mly mtroducc Jn~LCllrJClC~, hut we CJn :~.:hJt:le Jll} IL'vd of Jc·cur:Jcy 
th,¡t we dl'>Jrc. Jt the coq of mcreJsmg ..:olll(':JlJIJOn tlcnmpi:'ytv l,y 

J~·Lrca.;mg t h.: krglh o' the r-enods. 
The re,llkntJJillloJcl (;;;;¡ ;¡Jndic I.J11J th:~t i~ VJI.'JJ1.1 \'JrttJllj uuproved. or 
co•np!etclv butlt-t.p. !='or exposltJonJI SJmplicJly. the ,¡,,,~,,,\On wlli 1:-e 
lllnlled to vJcJnt !Jr.J unless oth..:nv"c PotcJ í,,rec'J'I' Jr~ '.'\ogt:nnus !rl 

thc ~l'n~c lh.H they ;¡¡~ :nJdc- vUI\JJc thc u\.:rJll ·:wd.:! ll>y t,•, hn1qu··~ lhal 
:1re beyond thc ~cop~: oi the pre~cnl d¡.;.;u~''''n} hut LJn h.: mud;JJ<.'d for J 

p.irlllltl3r Jt.:ut.\C per1od to rccognw: th~ colii\!LI! 111on~ ¡Houuc~:d hy the 

modcl 111 prev:ou~ p~riods. 
liPCJf progr IJJ1111Jllg IS not orduur,ly ~~·e lí,kd J!> J rr.:JJdJ\1: lovi Ho\H~Ver, 

¡f we hJvc J prrdJctJOn of the numbcr of hoP• . .:htJ!d.; lh1t ''ro,,. 1 oo::~•cd 

Jnd thc: •ncldl'i !ocJtl'S thcm iTJ a rc·JJ.,!Jc conf.g,uJtJon :ll•?n \\e LJn u~..: the 
¡Vodd ro pr~:dtd conf¡gur.Jtions S1ru: :he cunflgt>rJlJL>Il'> 1t protlt:cc' Jf<' 

OplÍIJl.ll in J \jJL'CifJt: CCOI1<Jli11C SCn'oC lhe muJL'! llJ.Iy be l'c>th pr,•J¡c;ti~e Jlld 

prl'St:rt pt rve 
We :~rc: a..-ulltli~,: rli.Jt hou~dwlds th:~t hJ\c ,,m,I:Jr t.ht<:> t~Jv:: n~c: to 'ollllJI 1r 

phi·nún:·:rl.l \>11 !he '>lit:~ th.:y UúliJ'}. E g. hcllt~dwld~ \\llh ~:m!IJr I:J'ok\ 

wrth re'J't'd t<) tr.1vd p..Jttansgenc·r.•t..: rhc· '-llllt: numl,,·r,,,f,·.•ch 1-rnd of 
1np, rt·g.lruk• . ., of thc• lltiPJhcr of PO''"" 111 thc· huu,c·l\,>ld 
\\e• hop.: 10 ohl.tin hcHI•e •.o~:~ frorn cuntrJ•I<>r,· ~:'t:,,:.Jl.:. ('],,¡rJy.lh..: 

,,,n,Jn•clt•'" o¡wJ.Iiln:.! .•. t11d IJlJIIIki'.JII<~ '"'!' ft>r .1 ¡·-·¡¡,IIJ.rr typ..: uf 
h<lll'..: 11 , •> \.11} from JrcJ lo Jfl' .... tnd ,•,:11 hl' dct''·ld:nl J:l 1u:l "i"'n 111': 
'''!'ogr.J~lh). "'l)ll .lnt! 1JIIl.fL)t..l 1 1l'...:!.: 111 l..'.ll!l Jf\..l 

llh '1:~ •. 1!.1udc'fi'!'c'o conlr1but1.lg ln tll.: .llllclltl~ ,: 1 ,,,,. I..J\L' }ti lu he 
,,·k, il'J 11 J\ t'\j'c' !l'd 'l• d !he· y\\ di lile lllck \ h.tl ,JciL i :,r ''' \ll,h ,\, 1 IJ\! 
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e'' 1·1111': !i<>thc-hold-; 111 lh<.' Jfc'J 111 '.\ )¡,,J¡ 111<.' ,¡(•.' l\ luc.llcd thc lnl'h of 
¡'lii•I¡L' 'LIIILL'\ 111 lhl' JIL'.L,lfle.Lt:•.' ofl!i..: .lf_.l Oih,·r J.md li\C<; lllliJt' ,JfcJ 
plinllr.:_; un ihL· ,,1<:, .1nd Vlc'll> from thc ,¡fe . 

1 ;11!ll\t"' 1 ~ ltl ... plt'P'-l-.,l'dlhll•.'-..lli~lJ'I . .'"~·~' ,¡h·' 11 _. ~~"'""\.' u1t.11 n ... ·d 1n 
¡l,,. ¡,,¡¡,,.1 11:; '1.1) ~~ •. tJ(<OJ' .llht .ic'lc'illp..:r; '.1 JJ r: J\-.,J lu JciL'Illlf\ f,¡r c'ILIJ 
.Ir.' 1 111 !he lc·¡;¡,,n !he· "¡JIL'Iilllllll\. !he·} lL>IiiJ .JdJ 10 l>f ·.uhtrJ,f fr:>m the. 
,,·li::¡¡; piit'l' uf .1 p.IIIILILI.Ir l) pe c>f hnu'L' ofic'rc·d 10 J p.lfllL'UIJr type of 
J¡,,u,c:]wJJ h:c.lll'c' l>f !he ,IJllL'Illt) "f ti!Jl Jrc'J \\ hcrt: thc,t: prL'illiLJJilS 
rt:fkct thc• Jlt'L'"Ihillt} of Jll .lfL'.I .1\ \\e'll JS il\ Jllh'llll) k1e·l. \\e' JlliiCip~t~ 
th.1t !he· c:ffech L>f Je't:"lhillly c.LI1 bl· e'lillllll.lil'J For a pJr!Lctll.Lr !ypl.' of 
hoLJ-;l•hoJJ JnJ hOLJ\C lhL' JfCJ 111 \\ hLL'h fh Jt prC'IIlllllll 1S J li'J'i.11J1Ulll \~¡JJ he 
rt:gJrtk~ J'> hJv1ng zcro JlllCnllY co~t for lhJI type of hou-,chold purehJ~1ng 
thl' TL'51Jcnt1JI bundle m wh1ch thJt type of hou~e oc:curs The corrcspondmg 
Jnwm!y co't 111 Jny other areJ w11l be !he J1ffcrence bet1~cen the prem 1um 
a''OCIJled w1th 11 and thc max1mum pren11um Smce prcm1ums mJy be 
nrg.111vc, Jlllt:nlty costs 111 some Jrras mJy be so h1gh thJt they preven! the 
moJel from locatmg j)Jri1CUI..Jr typc:s of households 1n those Jrcas Jt 15 worth 
no11ng herc thJt the modelcan rcLogn1ze, 1n a sumlar wJy. o;c:gregJtLOn and 
oth.::r pohc1cs wh1ch Jff<!LI the pnccs houscho!ds Jre wlilmg to offer for 
houses • 

R~ kmJ of tnp we rneJn, for exomple, a tnp toa pJrttculJr type uf cmploy­
mc·nt, reue..ttlon, ~hopp1ng. etc The ongms anJ de~tlnJtlons of the trips in 
a wt a.:e not spc:c1f1<!d ~mee we JS\Um<! thJt thc altern~t1ve tnp ~ets 
con,IJe·red by a hou~.::ho!J wlil be 1ndependent of th~t hou~.::hold'~ Jocdlton. 
There 1~ so,me cv1dcnce in ~upport of th1s a~sumpt10n (MJrble, 1959). It wtll 
be S<.'.:n h.:low th..tt the a~sumpt1on may not be unreasonably re\t r1c.:t 1ve 
~1nce 1~c prov1dc housdwlds w1lh a numher of JlternJt1ve tnp sets from 
1\ h~ch to Lhoo~e 

1 he dt•,tm.lt1on~ of !he tnp~ m J tr1p ~.:1 wlil vary w1th thl! locat10n of the 
hou,t:fwld gcner.1t1ng !he ~1!1 fh.::sc dl!~tlnJtlons 1\111 be fnrecJst cxogenously 
hy ..1 prohah1lity mtcrJd1on modd (C'arroll Jnd Be\i~. 1957), 
Tr.1vel co\1~. mclud1ng out·-of-pockct Jnd tmputt'J tune co\1~. can be 
c,f1111Jil'd from d.tt.J on lh<! trJn,port.1t1un -;y~tem. 

l..1nd nut cO\<:fL'J b)' J hou~e but unJer !he· ~Jilll.' tcnancy or owncr~h1R as. 
th~ hotl\e' 1~ 1nduded 1n thc \lle J\~OciJil'J l\1th t_bat hou~e \Vh~re J p..trcd 
of l1nd liJo; more lhJn-onc hou~c '>IIP,l.'r1111po~c:J upon 11, J~ 1n thc CdSe of 
Jll .qurtnll'nl hudd1ng. the \lle J\~l!,!ll.L~!e lo t'Jlh hou,l'f¡oJJ ~~ found by 
d,,Jclnlg thl' to!JI Jrt'J of th<! pJrcd hy the numhn of hou,ehold~ Ol'l'llpymg 
11 

1 he J¡,,.,.,·hold '' "uldllferent ... 11nong the b,J,J...eh unl:. 1n J lllillll.'J o;ense 
11 1:1, h ''ti! h,· li1.1dl' clt',lf 1n th.:: '>llh\l'ljllt:11! di,Lll ,\I<Jn 

¡¡," '' "·''' d 'lll lhe· .L-..umpll'>n th.1t h,>ll\l'ho>!d<; bJIL', 111 lhc• p.l,t, come cl<>~e 
1 • ' ' lt '' 1 111 ¡.: n pi 1111 .1 1 le vl'i ~ o f '·• t 1' f.1, 11" n 11 o" t 1 , r. u h t rc c m¡H r IL J 1 
e'l:d, llct' \tl"¡'c'\h lh.1! lllJTkt·t lllll't'llttll•lll\ h.Jit' J'fl'elutlul oplillll/,111()11 \\<.' 

c.lll .. ¡,¡ ¡,, lhL i!ldilfere'nLl' \d llll!l-.e t_loJ•kt'h th.Ji, •>ttld l•l .,J¡lJ,l'll hy th<! 
L\•ll ll.tl '.J 111 .. rk...:r frcL" of IIllJl\..lf~,.·\.llt•ll' Cli'\Jt'II'.IY th ... r~..· .1rt.• .. ,,nu.:plu.JI 
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IH.tl-.nc\\l!\ 111\UI\eJ 1n th<.' U;<: of t:lllplllc.d v.lllc·olc<: íur thl' ¡Jc:·IIJl:•.JI ¡.,n 

of llllJJlie·renLt: ~t:l<; \V<! J-;>lllllt: lh~l JI l\ p(J\•,¡hJc lo llllhorlld "J't'IJJIIJJl,!IJ: 
JCeL'ptJbk ,cf> l lt.Jt Jrc b..ts.::J on >u eh e\ l<knel' .,, 1thout ¡,,'"e; llctl l'<;id:y te 
1t Th~ modcl .,,JI Jl()l rc:rnut tite ,ncJ¡f¡_, 11c<: ,c·t tlt.1t "lclc~·.¡nt l·Jr ~ 
pJrtr,ui.lr itou e·h .. J l tu Ll!Jngt: dunng .J; II,J.iii••II ló111 ti . ,! ,, , ·,¡ ,'rc:­

cluJc: tht: pp.,¡hJIII: of J!low¡ng IJ~te clu:l:.;t:> Id OLcllí fr''lll ••ne 'll'~.111un 1• 
anot h.:r 
In a lle'lllY Gc•orgl.lll ,¡nglc-tJX CCOilOIIIY, lh: Jll,I\11111/Jl:''liOf Jggrc·~.lll' 
rt:nt-p.Jylng Jb!lll) -.•.uuld prov1Je a lllJ\lllliZJllt>n uf publiL rt:\l'llLIL In ..1 

soc1Jihl S) ~!<.'m, 1f IJnd wer.:: free, lllJ'-11111L.JIIOI1 of Jggreg.il~ re111-pJy1n~ 
Jblill} would pru11Je a lll.J\IIIliZ.JtiOn of lOibUmt:r's ~urplus 
RcJtkrs w11 h IJilllt.::J knowledge of !mear progrJ111111111g Jrt: rcferr.::J to 
DorfmJn, eral ( 1958) anJ the b1bl10graphy 111 Stcvcn' ( 1 960) Altlwugh 
there are Umn vJn.ibles to be ddermmcd, lt 1s po~~1ble to elun1nJ!t: mJny 
of them 111 Jdvance of the computat10n of th.: program. Wc can do th1s 
for e:~ch household 1n each area by d1sregardmg Jll rc,1J.::nt1JI bundll·~ that 
y1eld less thJn the mJX1mum umt rcnt-pJ} 1ng abli1ty for lh.tt housc·hold 
m that area Thc~e would have to be elumnated m any ca"c m the proce~s ol 
mJxmuzat1on, a pnor removal of thcm cJn reduce computJI10nJI !1m~ Jnd 
effort cons1derJbly. 
Actually, 1! ts more !Jkely to be necessary to force the modd to locJte 
households w1th zero or negat1ve rent-pay1ng Jbd1ty !ILJn to re~tnct the 
number of households wh1ch may be locJ!l!J Tlm ~~ rt•flectcd m the mmus 
s1gns whtch appeJr on both s1des of conslrJ1nts (l 2) lf thc~t: constrJmts 
were wntten as lllcquahties they would read: 

m U 

El: 
Ir= 1 k= 1 

But w1thout thc mtnus s1gns the mcquaht1.::s 1\0tild be of th.:: oppo~1l<.' Sl'ns.:: 
In J max1mLZJI10n problcm the lllcquJht1CS must be of !he".;;;;" form 
Thcrefore the mmus -;1gns are ncc.:cs~Jry. Thcy could he remo1.::J 11l11'n ton­
stralnts ( 1 2) Jrc chJng.::J lo equJlit1es 13ut the ullerprdJ!IOn of lit<.' duJI 
~JTIJbko; 1s somc11 hJt CJ>1er 1f !he 11111111~ 51gn~ Jrt: ldt 1n thc ¡m mal 
Th1s ~~ thc d~gencrJte CJ5e m whtch therc 1\ no unlquc opt1111JI Jll<>t.lllon of 
thc hou,cholds m !he groups wluch fulflil th1~ ~·ond1t10-n. A furtltcr Jq:c:n.:r· 
al.: CJ~<! un occur whne J pJri1LUI.LT lwu,.::hn!J group h.1, !he 'JIIlt' un1t 
rent-p:~ying Jbtl11y lll J numhcr of Jrl'.l\, nonc uf wh1Lh 11 c.111 ftll, "tnplc te:! 
An llh'<JU.tllty ( 1 1) 1n lht: pr1111Jlulirnp<>lld, lo .1 ll<'lllh'¡! illll' v.JI11ble rA 
1n !he· Jt1.tl Bu! Jllc'l(li.JIJnn ( 1 2) l!llite· pru!l.tiL"rrt:'J'•'lllh '" J \.11111>k 
1'

1
, 11hu'e' '1¡,:11 "unrc·,trlekd 1nlhc: duJ! litu' lite 1'

1
• l.LII l>c· lli"IIJic' ,,r 

nq!JIIIe' s~·c: G.~k ( llJI>O) 
Tht: 'éLLJilJ 'IIJ!llll.ltlon 1~ thc to!JI uf .. ,lll>\ldte'\ .. p.11d !<J h<lli'L'IwJd, \\'e: 

1~111 "e: IJlL'r ho11 lht'e' 'ul>,ldll''.:Jdd lo !he· rc'Jll~p.L} 111¡.: .d'tiJI\ uf hnthL'· 
~lit IHJ! lt l 1 J¡ 1 t 1 iJL' 
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t,1: 1!, • .... · ,,f ¡;IL \tJ!P.!dlt'"lo j, \¡(,'1/•,/ :r} 11•' 1: :!L l!''l.d l.i.!LJ !\.'t~l f.¡'~tl • .. IJIJJd, 

lj] '¡._f : ._• f.a\~·d ,)\',.¡) f¡lJj¡l Í.tJir!,l\1 !'~'" '\J{!J¡',iJI \:ilot•'~ !~-.;- t)~)i)Jl!d 

Ll' l' ;,. 1' •'.i} J ht..:-tLHt..•~ ·~·/ 1, .. i t._ /
5 

r.\ h,· lll'TlU:!'/•.:J i .. h.1U ... d!~. ¡;._·: Ln·l 

r•: •11 
\ _.~~ "¡ •• __ ¡¡ ~ 

1
• '.\ ... • ~...vu:tl ti'"··'~ :1 ":! ... · .. , ,f, ' ¡, h~ \·IJ l'h·n t .. l~t it.::--t 

1 ¡: ¡ _ ;\ ,, } : ~ -..r l1 L' :H1)c .. ~ th 111 tl ¡JI···:~-( l. i'~ ~··!iJ· \ ¡,,n 1:1t: ... ,~··· · 

~111-.. .. t':·' "'!"' ~l(,JJ for t",&.:t)' hnu,t:i¡o~d -h~·.:·1'~· 1o.t,,:lhJJ1.J(J('n ,n .1n ..,: ·t q 

t~·,n :n•.·' :,. :J r"r lh:: co•nl•ul.IIHJ!l \\:>"h \\I)!'Íd )I:.:l.l lhc lno.l¡_,¡ ~.:mt ¡,·.'JI 

r,-..r ~1\ b ~, •q'-!í.J:nt 'n lht! pnn1 .. d prohlen1. íll~7"t! !"'1u~t b~ 3\ lrl.!h;,2 :r. t!1c! 

J•u' ~:•J f.¡¡ c'.J~h 1 JIIJh!:: In thL' ;:¡r:;1J,Il tlla.: !llll'>f ht.' J C<)n.,rr:JJnt In the 
Ju Ji r~l..' t l.tnd lO!I~\r,ltn!S ( J J) :Ir<.' JS~o..:u1.:J 1\Jih th~ [.' V.JCJ..JhksrA 
Tl1c 11 ,un,trJ'"I~ ( 1 2l h.:ve.; ~tmJIM, or;c\¡)ond..:r.ce w1th tht' n v.Jrt.Ihle~ 
1; T~~ r~LJU1It.'1Pel1! t!nt al! hot..~~hohh shol!;J be loc.HeJ therdore mJkes 
thc .. ,lll"kiv" VJri:Jblc~ a nccessJry p.Ht of tile moJel. 
:\rc'JS mu<t l]e f1>.e,J m s1¿e and number for Jny run of !he model. They may 
t->~ '>l! bd n IJ ,•d c•r nt hen~ ts:: Jdjus: ed J fta !he run. 
G<::th'rJily l\\0 or more hou;ehold !)'pes v.Jillo~.J!C lll the SJme area no mure 
t 1m~, ¡ hJn ; he:e .Ir~ n u mhers of hou ~e hold gro u ps SJ r.ce t he sol u t wn te, a 
iinl':!r prnrr:ttn'll<ng model ¡¡ee-d conrain no mo;e nonzero van.Jblt:s th;;n 
c.o,hfrJints Our pr.mJ:JI problcm ::ontJm~. U bnd constrJmts and n hcuse­
h•>ld group wn,lrJtnt~ -;:'herefore r:o mon· thJn U+ n v:.trr:Jbles need be 
ctller th.tn zero at Jll opt:mal sÓJu:wn. !t should be clcar thJI :f :;t Jeast one 
hf':l'c'huid loc211'~ 111 every a.ca, no more th3n n areJs can havc a st'cond 
hou~d-:o!J type 
Sul>,,JI,~ te homehol,is Wiíh r. .. g.¡f¡ve rcnt-pJyir:g abdjty 1n Jll Jrc:Js avaiJ­
ábtl' to :hc.n m:ght ~till ~ppcc~r. milLh JS subsJd!es !o low-income hou!.t· 
h-::ld, n:.,y br nece\\Jry in the reJl world. 
CL \lon<.u(J9f,O). 

fl·c :I•HI-;chu;d LOuiJ us.: lhese ~;~vings to purchJse Jddt!Ions to any 
co:npc.nt.:nl oi ¡(·; mJf.kd bJ'kct othe¡ ih::n'si'e or tr:nd withcut al:cring 
! he t•pt li!IJI <.pJIIJI LO'lf:gur,JtJOn. 

Th.: di,cPiliinuiiJ\:S c:m ht: reciLceJ in another ,vJy if W<' make thc Jreas 
;;niJIJ, r :t•Id '!llJ!kr ( Jnd hence mor..: Jnd mor<: numaous), the re~! 
curf.JlC ,,·:fJ ht.: ''llOtllhcr /,, JnUÍCJtCJ ,Ú"lO\e, howcva, th,•re !S holh a 

~"r,t.:p:u.J).Jnd J prJdic.JI !Jnu! ro thi' process 
F:; Sc·o..· ('h,,·,¡go t\r::J Tl.lll~por!Jiiofl ~:udy ( 195 7). 
Cf. r; m :,,,n ( 1 1160). ;- - --

\lt•n'o! 1 'JI>O) 
( f 'ilc\t:ih .Ind Cnughlm ( i'J59}. 
\nJ !he• r,•¡¡ \.Jfl.lbk\ m.ty he of I!'c i;} t.''I.Jhl:•;nng f~ir cotn¡wn,a!JOO Jil 

•>llic·r '' 1'' · ,,f ln,•lcnlllkmnJih'n pn1L't'Ltling~ 

l 
,· /' 1 

,. / _ 1 
A Lanrl-Use Pbn 
Dosi~n ,\lccl~?i" 

Postw.1• .Hll.i!lccS 111 ,lpp!I~d mJt!:l'nl.llro..o .1nd e!r_trOlll( cOPlJ'LI'.¡Ir~>n L.11·e 
~llllllli.Iteu gtcJt Illlt~!cst 111 the JppiicJtJvn ol t'lJt!IcmJth'.d modl'ls Jnu ~41.1 

pr<>LCSstng sy,tems ro IJrr.Jn Jnd rcg:on~I plJnnmg SignJflc:Jnt pto~rcs~ In\ hccn 
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Figure 4-1. LmJ-U,c, TramporiJ!ion Study l'lannlllg Sy~tem Di.tgr.un. 

numhcr ofc\~'c't!IIIL'!ll.d \lllllll.tiJnll runs Jllll\l ht: pc:rfortncJ \IIth Lllffl'rent !.JnJ­
U\C contrul pcolicll'' urJ puhi1L" 110rks progr 1111'\ ll!ltil J ,,.¡ of policJC~ .tnd 
progr.tJJl'\ ,lfl? dciOIIllllccl tlut rL'\lllt 111 tire lllljlklllc'lll.!l!u!l of thc tJq;ct L!llJ-11,1! 
pl.tn. fhe fc·cJb.Jck un thc dt.t¡_;r.un bt:!Wt:\!11 Ltnu-use JclclüplllL'llt .tnd LtnJ-u,c 
pl.ut de,Jgll Jcl'lltllll~ for lile cllJil~L·~ t!r.tt wJII proh.1hly he llcl'' 1 111 tlh: pl.llt 
Jn¡gn ro 1111~1! ,, fc'Jiil.lhk rile: output uf thc tlurJ ,r,tgc uf t ,'flltl'\\ 1\ J 

L111d-u\C pl.111 LJj',Jbk of pr.tcl!c.tl lllljlk!lle!ltJtHHl. 
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{ :) I\~·~ 1 ~~, .. '!J 1·"d" !~; ll lt>,trJLl J :~.,.·111 11 ,p,:q:) h~..'l" .._', n J~qd 11' ..... , / 1L't'll..l·n ::;nJ 
: 1•'1• 1 (¡¡¡,·¡;,•¡¡ ¡J ,J.JJldJrJ). ftll e'\.Jii'Jlk'. ti..: 'lc':d ltl J'l•'' 1d~ .:11 .:kn•:IIIJry 
,,J¡ ... J ".:ii•:Jl .• ,,,uJCJ~J JJ,J.rnc~ (tlr t.d:cl \l( .dlie'•Jc!:ntJJIJJJIJ!s 

l11 ,' · .• ; c1_,,, :!•e· Jc,J~Il rcqulrclllélll c"ll be :\.l'J-•·.:d ':• .:::·;!J,.Jily Js.Jn 
.Ii;;chJ.JI<- cqu ¡J¡¡: .. nr more ofiL'll Jll Jill'ljli.Jill). u,¡ng th~ tiHL'e ci.I~-;c, uf VJrJJbles 
llt•!CJ .J~'tl\C .\~ '111 l'0111pi1JI1(C Wilh ihb ~•'JiJiti<Hl.IJJ...: th~ fJr'>l. 1~ ptl~~lble 

hL'c 111\c' J.¡¡¡J-lhC j."I.Jilillll); JS COllLérllCU 11 ¡¡J¡ J Slll~J: JllCJ'>llr 1hk reStlUT.:'C, !Jnd. 
·n1.11 thc,e LI.Jllll'> uf~: mboiJc de,Jgn J!tcJn.tiJie ;cnCJJIJon .1nJ rrqunements­
.ilt.'''lJtll'~' Lülll)lJIJ'i()Jl Jre JUthcntiC 11J!J béC(IJJlC llltlfC'JppJr~llt J~ thc JeSign 
Jlh',kl mclht)JolL)g) Js e\piJJned funher 

lt Js uscful Jt tlliS pLlJ!lt to prov¡Je 3 specdlc, succinct statcment of the 
]Jnd-usc pbn JcsJgn problem mdicJtmg the nJture of both the des1gn rcqu¡re­
mcnts anJ Jhe des1gn alternatJves. To Jn e\penenced urbJn pbnner the problem 
wlil c.-:rtJJnly not be new, smce J! is thc same bas1c problem thJt he has been 
wnccrneJ wJlh lll!UJ!JIC]y dunng lm past des¡gn expenenccs. The problem, as 
stJteJ bdow. m~y seem excess¡vely quJntJ!JtJve, and the emph:1s1S on mmimal 
cmts Ill3Y Jppcar unneccssary, but funJarncntally J! IS !he same problem of 
urban furm <.lc~1gn th:~t hJs challenged mJn ~1ncc cJtJes 1\>Cre found useful. In 
bnef. the problcm uf the de;Jgner of urban form 1s: 

(1) GI\Cll d.:s1gn rcqlllrcments exprcs~ed as: 
(a) A s.-:t uf de\Jgn st;¡nJJrds m terms of rcstnctions on bnd-use relatton­

'hips th.11 mJy <:xist m the plan 
(b) A >;<:t of nccdo; or dcm.mu>; for ca eh typc of IJnd use bJsed on f¡)rccasts 

of futurc urbJn acllvity 
(:~) Synthcwc J IJnJ-usc p!Jn Je~1gn thJt 'satisflt\ hoth the bnd-use d<:mJnds 

anJ dcsign stJnJJrJs con~1Jcnng thc curren! \t.Jte of both llJtur.il Jnd 
mJnm.JJe land chJrJdcn~tic>;, at J llllllllllJI ..:ombtn:~tinn uf publ1c and 
pr'l':tlc costs 

] he uHlce'piUJ] bJ'>IS for Jllllllll1JfLO>IS. JI Jllll\l he emph.I'II/Cd IS Jlll! to 
pHl\ Itk J chc.tp p!JJI hut to J\OIJ UIIIICcC\~Jf}' e\¡~IWJIUrC'> of prCLIO\IS ft'~OUrces 
J~ long .1s thc tf.:qgn 'J.JildJrJ~ JIIJ l.111d JemJnJ~ .nc ClllllpheJ \\Ith 1111he p!Jn 
dt''>lgn. 

lntr.J/>~ll.d J,·~¡gn >Llllti.JrU\ JIJJ)' !Jke th.: formuf IJJln!.tliOIIS llll UL'll\IIY or 
rc•,JriLI!"Jh o( 1hc 1) f'L'' uf IJnJ u~e tho.~l lllJ) coe\1'.! wllhlll J /L'll<' l\n C\Jillple 
of IIIJJIIL:I<•Jl.tl Jc,l:,;ll ,¡ Jllti.JTJ 1\otdJ he th.: JlllJ\1'11"11 ufJ re'!.'h\JLd 'huppmg 
LL'JJ:t:J 1\Jif¡¡,J J cL'rlJlll lrJI\'I time· ofel'e'JY re~ldL'llll.d Jfc'J l.llld-l~ot' Je'lllJJld 
rc'iflllfL'IIlcJJI\ 11 ,,JIJ rntr1d thc ,.,:¡ of .lcc~p!Jhk piJJJ' 111 J]HJ:-c tl1.1t pr<•lldcd the 
·'~':.'IL'S-llC (~ll.d ,,f L'.!ch l.md-the nL·eJ t>ICT Jhc L'Jlllfc JL'\Ign .J[e'.l ., he cl!fle'Jl( 
,l.dt: .,¡ 111·: f,nd 1\llt:IIJer Jc1elo1rLd ,,r 111 .J n.Jlill.sl ,JJIL'. '' .1 p11111JI) u•II,IJc•rJ· 

-) ) 

11"11 111 j'l •¡¡ .jlli!J ''" ¡,._, •11: ,,[ 1!ic J<.:i.Jiillil'li;p ,.¡ ril.: I.:.;,J ¡,. h"rJ¡ lile •1•.'•1:0:11 
\Ll11tl.nd~ JIIJ lile en.,¡, J '"'cLliCJ wrth new 01 TL'IJCI'.'l'd d~'.•.I"Jlil1l'l11 

Twu re!JtcJ malh~mJt:c:JI tcLhlllques 11 illnol\' he dJ>t:IJ'I"'J .1'> po"1hk 
frJmcwor\..s for J IJnJ-u~c p!Jn des1gn moJel Thc f1rst lcLillllt¡uc.lnteJr 
programmmg, has 3 record of succcs-,f¡¡J aLt:umpli.,hmcnt 1n ni hcr f¡cJ(h .111J lus 
.-:ffJCJClll, highl,) Je1clop.-:d LUlllpli!JIJOilJI prou:-dur.-:s Dyn.JfllJC prngr.J,lJJJllllg. 
the seconJ JnJ ncwer t~dmic¡ue, while notas produc!Jv<: m prCI'Jous Jppik'JIJons 
or standJrJ¡zcd cornputJIJnnal proceJures, is kss rcstrJc:tcJ m 11s JssumptiPllS 
:md, potentJJlJy at Jeas!, IS J more nex1bJc framework for J Jand-U~C piJll dC\Ign 
model. 

8oth linear and Jynam1c progr.llnmmg are somctJmcs dass¡ficd .1s sub,Id!Jry 
fields undcr the gencrJI tille of mJthenutJCJI programmmg. Such J gcncrJ] 
classification JS desirahle, lnJsmuch as both fie]Js have JS thciT obJCL'!Jvc the 
solutJon of problems mvolving the optimtzJtJon (mJ\ImiZJ!Ion or llllllllllll.ltJOn) 
of sorne ohjectJve. su eh as cost, WJihm thc restnct1uns of certJJil con~tr..tmts 
such as des1gn stanJJrds The techn1qtJcs mvolvcd J¡ffcr conmler:Jhly, hLm<:ver. 
w1th linear programmmg unposmg rJther scvcre rcstnc:!Jons on thc nJturc \lf 
both thc obJCC!Jve and constramts whJie JynJmic progrJillllllllg Is almos! 
unrcstricted m Jts formulatJons ofboth the obJC.:IJve Jnd constrJilll fundions. 
LmeJr programming mod.-:Js, on the other hJnJ. cJn uo;u.dly be solved hy th.-: u.,e 
of stanJardJ7ed comput.tt1onal proccdurcs. whJic JynJmJC prngr.tmlllill!; U\IIJIJy 
provides JI ]CJ'>I a scr1ous chJIJenge and often JnsurnHHilliJhle ob-,tades to Jn 
cfficient computJ!IOllJI solutJon. \\'¡th CJ!hcr tcchmque. thc o,heer ~1/c uf lllJllY 
b.nd-usc pbn Jes1gn problcms brmg w1th them 11 h:~t hJs hL'L'Il L'.IlleJ the "curse 
of dunens10nahty," wh1ch mJiitJtcs agJmst ;¡ny Simple "brutc forLe .. approad1 to 

-solution. 
The linear progrJnl!ning formulation of the J.u1J-usc pl.1n dc,Ign nwJel 

prnhlcn1 JS strJightfnJWJrd The objectJve funLIIon rcl.ttes to thc ~:os! of 
dcvelPplng l.llld for a gi\Cn bnJ use 

t c,x, 

11hcre the v.JTIJ!Jfe, (t) lllJY rcprc,cnl rc\JOCJJ!J.d mdthtJJ.d, or tllh<'T I.Jili!Jhe''l 
JI} g_IICJI .Jié.J\ JJlJ thL' c'liJI'IIJlll'> (1) lhi! c(hh uf JL·IdtlJ'IllS ¡]¡¡., LJJtd 1.111J ·lhe' 
L'JtegoTJ<!\ lllJ} be \UhdJ'.'Idc·J Jlllll -,uh,IJI.liY c!J,\L'~ 'lllelt .1>; '111gle f.Jiild) 
Tc'I!Jcn!I.J!. Jllllltil.tlllil)' JC\JJcn!IJI, .111J tite L'll'h IIIJ) h<: rL'i.JlL'J lll the I•'J1":.'' 1ph} 
.111J '>\l¡f <.h.IT.IdCri\IJL\ llft!J<: .JJC.I \\'J!h e.Jth ,u!JJJ\J'IIllll, pf • 'll'>é, thc lllllllhcr 
t ¡f \' Ir 1.1 !Jk, ¡;rOl\ S fJ rsc r. Jll J 1 he é(l IIIJ'lll.i l Jllll l 1 JllC fo r J lllL 
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-../~.o' ¡,.,:J !11 1,1 ..... J u•'1Jj•rPldl -.: ::), : ·~ l 't:•.: h~._·r,\~'L',¡ ib: J .. >-t . ...: 1\,¡ dl:'.!d 
:nJ :·~·.:,,"'ti)'~· , .. :~=···il '11' ._"\ \' ,¡!· ~ ·r·• ··:· · •n ._\ 'lput.:-r 

: _ ..... '1 ,¡, "\ ·:..'- 1·,, ., t!. ";, ,.J ,L· :· · \\ · 'l . _i_ ~~· ... 1 \¡_''ll•l_ .·t~ .... : III 1 ~1l' \.·•111 1 ~; 

\ ,_. '.' 
Jh ... ·: ¡, 1 ·\ ·'~~.! :ill.'qd.:lt!y !_tl!l,l! 'Jni.:; :n ~I1~ l1nc.n ~~t':;J,J¡lJJl1dl~ f~,--n 'JJJ~ 

il\ 1 :~ :
1 f J t:!d- . . : f-'J..;q Jc-..1~·1 1''~ Jt¡·J~ :he fo!Jn'"'d1~ 

~ 1 j : '~, {,11 ,J,i,·nunJ IC:'!lllf'ilh'lll r\1[ l'.llh i.I!IU-11''' ..:.Jtc•_;,'ry (c'']'J.ili!y 
u li1>1 r.J.IH) 

J 1 \ ! ..- rJ ~ x; + . . + d11 x .; = E k 

where 

E = rcgJclllJi bnd-usc demar.d rcqu¡¡ement for l'.h:h bnd use 
d = s·~r·:1ce r.Jtro w..:ffic:cnt> windl i-"!OVrde for ~.uppOíl!r.g service iand 

reqt'!f<.:JllCn!s. ~uch JS strcets, wh1c!1 :ne necc~s:JrV fo: pnmJry lJIJG-use 
devcl ,, pmen t 

2) ~!J\.J:J1Jl! '111111111~1) li:nJts on l:md' :hes I'.Jthm a zone: 

'( 1 + '" + . tx <.,F n rr. 

where 

F,r = :.,¡:p~r l,¡rnr on l.111d LJ\i: n m Lo:H:: m 
)) lnt~r7o;ulur Jll!íJWnJI ;,llld use rc]J¡,u,bl!!p con~:•:'i!l:s 

X ~G'C 
11 111 

r.h,·;c 

G -= rJ:to uf J ... :J-u~e 11 Jl!owcr.l rcl:.J!n•~ to l.tPIJ-lls.c •11 WliÍl Ltnd-u~cs m and 
,, Jrl th.; \.Jlll<.! •H dtffcrcnl /Oll'!S. 

·¡¡~~ li!J:.l-l"c' .!r:m.Jild cqn.JI¡ty lOII'·IoJilll {l} fuiJ,,,.,, J ~t.¡JlJJrdrlr::J fn11n:tt 
1!1 t>llc' c'tli!Jli·'li ',H C:Jch ¡'f!Jll,lf)' IJntl-u>e ,J!c·t:ury Si':c<.: "'11JC lJillÍ 11\c~ such 
':")•-' 1 .·:.Ji:. lc''IJ,·¡¡f¡,¡J .!fe' II~IIJiJy \llhdiVIUl'd furthn .!C:.:IIrU'IIg lü l<ll 
1.'\, 1!.~,.· 1i'~ll,l,~·r ~lf lTI..'IILI!lJ ("(i\LJlH;Jl'; III .t 1} :'llL •• d .: ... ~'¡;,.,;11 ~~~ 1~J .. :J !ll !} \.'\a,.Cl:tl :0 

1111111'11'¡', it "11111'"'''"¡ lo <.:111ph.:q¡c 1h . .1 ''lll} prun11 1 l.111d ihr:. ,¡:cil .!S 

lcklllitl 11rd1•,¡¡¡¡J 1[;11Ltllt1HJI, JIIU fCLfCJIJ•·IlJI Llllll .• ré'JHt:L:!v de!c'lill!llCtl 

. . ;,.:; 111." lllc•'f!'''r 11cd tll the d p.•tlll'c'ill· '''·'"11.! f<Jr '.:ulllJ.rr} l.:nJ ll\~5 

. h ~' J, ·, .1 \lrccl\ .• níl p~rks. 

i \,'·'' l·,¡ ,., \', l>f' (,'. {.1 

ll¡: •,.._·, •'!Jt.J,¡•:t} ¡!,¡¡,J ~,. 1t-. ~t'/1•.'~ ,•f \.. 'r\,{1.111~-.. ii....IJ....'! :in.: ..J,_,¡·••¡' 1tt• :t.:~. 

.111J .n.~:. t.•~., .. 1 ·'.1.k · tr~c't\ ->1 f"l'''' fh.: m.•\IIJJ~i ·""'1' >1"1 \' .11'1·'~·1!1; ··_·rL 

.1 u~/}d[Y ,!,l!.t:tll¡ 1"\t¡¡ li ,,!,,, fl¡,'} ¡l~tl·'\..j(' ftlf ¡j¡L• :\~._:l'' 1 tlJl ,¡, ,!jJlii!''J Í . .',J 

-..llll ;~ n~..· f1'' 1 ~ • 11 !_. 1• ... • •• ¡' J.r¡ .. J .,,.._• 1 .. ~ 1-·•,.._ r..:'.~: · .11 ¡,,.~ .. 
'' 1 'l' ' ¡1 1 1 

1 11 '111 • ! ... '· ~ 11 \1 1 ¡ : : . ,j ' .... , , r 1 _ ¡ 1 v 1 1 , 1. '11 .._, ~~: ' :" ~ .. : 11 r 1 ·' 1 ~ • 1 -..~.,. • 1 1 ¡ ¡ 1 1 .1 ' ·l 1 L' \ 11 •1 1 

~'dJJ\.•-~IIt 1nnc¡;¡ ·'·- -~"''h:ltty ~I.llhiJr.J, "'r •'illpldy¡p,·•~i .~nd -1 ~PrlP~ ,Jh.'..!" ~ ... ll' 

·"'''he lt:lkuc•J ::1 ·l¡1, t:,. p·~ rJf dlll .tr:l!rH. 
l ht: ,d1•,"C ~{''!~~~r.l!!lt rt::,Jtlt~J,'..!llp~ J~!k:..l th~., {) PL~ .:·h.\.Jll.li ... 'it'J 'u f.H !Jl 

C'\JlclllilL'i:l~l pL1n rlc,l::•: mudc'lluil~ 111 !c>l "rC.JS Othcr L'Ull\lr.JIIll (\,fll~' 1111) h 

ncc:J.:J whLJ • .1 ~umplt:lc r.:g,rliUi pl.:n Ul''rg;l J> .t:tt:mptc·d, btP tll·:v nu:. b.: 
CJ,¡J~ lllt.:!udcd .1·; k·ng J> 1;1.:: Jrc !tPc,lf. (l>lltiJ.!I0\15 <:nnstr.IIJII> ;-,l,!lilllc'Jf J¡-;. 

..:ontinuous comtíJints Jrc II•Jt puS>Jbk wilh hn.:.1r prngrJlllllllllt; Jllll ~\.dJtlr.t fo 
the pnm:.lfy dJ~JdvJntJgcs of thc method. 

For ;:¡ rcg10n stobdrv1dl'd 11110 Jbout 30 zo'les, the s!le o[ J typrcJ!hncJr 
prngr:.rrn for ;¡ IJnd-ust ¡.¡!Jn Jc''!;ll rs Jb0Ul (·0 cqu .. dJty Jnd ¡n.::quJht) L'Lllhlr:Jill 

:.rnJ -100 van..Jb!cs C'ornputcr t1nw ~'n Jn fB\1 16..:0 L·ompu1cr IS Jbout tl~rce 
lwurs On IJr~rr ;;yslrms. suL:l JS thc ll3\l 7000, !! woulJ tJJ.-e ie,s th.rn JO 
n11nutes. 

Mndel . .f.o¡;!!ca t ion 

Sume 1111t1Ji e'\pcm:ncc w!!h .tppiJc.rtic.,¡Js of :!re rnoJcl 11 tll ll<lW be d,·t.qkJ 
in orJ.:r tu prov:Jc thc rc'Jdcr w:!h :111 rdcJ of the mput dJI.J retpnrciiiC;I!'> .wd 
LOmpu'.J!lllnJI chJrJ.I::·¡,tks uf thr modcl. 

f'llc•r p:11n.lfy ~c!s uf 111¡;ut JJ!J •• re t•?qurrcJ fl'f 1111lUl'i oper.Jll"l• 

(1) The cns•s of un¡.nprov•::d l.1nd ~11d !Jnd (kvcln¡:;:ncnt fur \!,J<:i! prim ... r) 
iJnd-ll>~ Jctr, Jl}' fur CJLh typc of SOl! --

(2) ·¡ h,, .JggrcgJtc Jcm~nu for c.1ch prtmJry !.nH.l-tbc Jdrvrty 
(.)) Dc,¡gn '>!Jnd.Hu~ whJCh r~f1cctt!Jc p!Jn ob_;c·~'JI','S JIIU rc'>trrc! 1hc sli of­

J.:Lcpi.Jbi.:: pLHb h:, lm11trng mt.::uonJII.rnd-u,c rcLJitunsl!lps 
(4) Th~: cllffclll l.111d lll'.~ntory, ''.hlch •.vJIIJndllt!e bu!lt I.Jnd-thr: .tdi~I!ic'S by 

JfC:J ,JIJJ >uil d!.!fJ<.:terrstics. 

l.Jihl-dc'll'h'Pill<'lll .:u~l tl:.rLJ 111J) hr: ul'!.lllli.Cd L'Jth,·r hy cngll:c'c'lii1S c-.IJ· 

nl.Jil'> tlf hy ~!.Jlt,IJul .1111:~ '" <>f fc'lc'l:l l111d .J.:h·llij'IIIL'ltl 1!1 tht: Jlc',l Th: 
l\'l 111•?1 ·'í'JH"Jd: h.¡, h~c!l w . .:J 111 1111! llllll d ~~,¡' .,f lite: llllltk! 111 thc· \\ 111;. ,·,h.! 
cll}' pdt>i .tr<.'.J ('tdlr:cll!liiOfi.!IJd-,k\'c'il..!plllcll! L"'l dJ!.J l\,d\I,J)\c\¡'c'lhllt'.llld 

111 Jll.lll} c.l •0.:\ J1ffiLtJII ur c\'c'll IIIIPW\Jblr: iu \d>I.JIIl Luid dLI'l'lupc'l\ ,¡¡,· lhll.lil: 

t''.(!Cil!L':) lc'illd.llll !ll fLV<_'.JI!ht''f ll''''· .IIIU !he• ,•.¡,¡ d.!IJ uhl.!!.ll'd '' td 

llilL'll'il qruill: 'lllLC llllli) ,k,·_·lopt'f\ U<> lrt>l 1111111!JIIl e<llllpil'IL' lc'Ullth 1 "' di 



•!,,·,,· ¡_•, ,, _•' -'-'ll!l:~ll"le''ll!ll'lc'\ ::•_' ¡,¡¡ 1~• l'lcl,; ,l•k 11 Ci'lllj'e'!·~lll 
¡·; • •le "'• •11.d e' • j','l!,'llu~ 1\ .!l',ld :bk 

''·lile·\\ ,:,~.:·-11., .!le.! \c'p.i!.ile' IJnd-de·\e'lt.pl:le'lll ell\1 c'\llill.IICS l'.'c'li? lll.ldc 
f,,r li'.e' ,,;,·, 11i Je'"de'Jlli d !111\ 111'1! i!lc'lf .l"<lc'l.!fe•d <e'IIJ,,' 1 :nJ II\2S \llch 1~ 
,¡,,._.,, ,., .. ,.:,¡ ... ,!¡,>,.,: ,iJ,l;'i'lll):! ,,J¡,.,J, .111J p:d,, \d,J¡¡¡,.,,,I, <".: :,IIIP.ilc'' 
\\e':,· llll,k ,-,,r 1 .111 !11 d. le'glun.•l '"·'l'Jl•I!O: .111d IC;;!i<>ll,d !'-"~. I111J lhC\ Th..::.e 

1\c'IC ll••i ~''"' l'\:II:IJ!c'\ hu1 Jc'IJ!Ic-d .111.!1y"~' ol th<? ""'' ,,¡ c',ich llll¡JH'ICillc'lll 
le'l.i!c·l 1" [l,ql! rh: LmJ lh<? .mJ 11!,• 1~ pe 11f ~ud 1111uh cJ .\Jic,lllllJies 11cre 
Sllh,J¡v¡J,·J llllu tliCH l'lllllp<•llCill pJrl\, C,¡,f¡ \IIth lb llld!lldliJ] C:ost. 

s,'j'.lf.IIC e(l'( CLillllJlCS we¡c piCp.ir<?J for l'Jch uf lh!Cl' clJ:.SCS ofsod Sod 
d.i!J \ICJc uhiJIIh'd from J c:omprch,·nsii'C ~od \U~vey lllJdc 111 suutheJstern 
\\'i,coll\III .1s pJrl of rlw Lmd Use TrJnsponJlt•>d S1uJy llnllllpruvcd IJ!]d costs 
prco;cntcd J spc,·¡,J] prohlcm smc:e they could not be obtJmeJ from engrneermg 
e:-lllllJies ,\~o;c,,.:J JnJ cquJhzed !Jnd-vJ!ue dJtJ were obt:uncJ from eJch of 
the ,·ommllllitJe'~ JIIJ were "JJUSteJ on the bJs1s of pnces reJit!.cd m recent bnd 
trJn\JC:IHJns m the Jrea. 

ln111.d tc'ts of the moJel used historical aggreg:~te land-use demands for 
1950-1 

1)6~ to prov1de .:omp:msons between Jctu:¡l and "opttmJI" !JnJ develop­
ment m the JrcJ TyplcJI!y, however. a des1gn apphcatllln of lhe moJel wiiJ 
requ1re forec.J,ls of fu1ure IJnd-use d'emJnds. wh1ch may,bc oblJmeJ by applying 
l!c,tgn \l.md,trd~ ro fore~:Jsls of popuiJt ron :md employ ment rn the reg10n of 
1ntere:-t. 

The vanous forms of desrgn slandards usually provtdeJ 11ere descnhed in 
the prcl'tous ~ectJon In current tests of the model. Jesrgn slJndards were lunucd 
~O the C\dtJ\IOn of JeveJopmenl from .JrCJS SUCh JS nood plJm~. JJong WJlh the 
Jrt>I'JSJon of~Cfi!CC r.Jllos for lhc :~nwunt~ of SCLonJJry IJnd (slrecrs. pJrks) 
-eqlllred lo ~upporl lhe prrm:uy IJnJ uses Dc~rgn stand.Jrds for lhe rcgtonJI 
Jnd-u,e pl.1n Jre ~rtllm prepJra11on and wlll be u~cd rn moJel lc~ts as soon as 
hey hewme .JV:.IIbble. 

J\n rmentory of bt1lh currcnt LutJ-u:.e JLirvuies anJ ~OJichar:Jcterisllcs is 
flllcJI for moJel apph~·.Jtton. In currcnt le'!!_s, devcloped MeJs were elimmated 
r•,m Ulll\JdcrJlJ•lll f~,r futurc IJnJ dcveh.;p~nenr: lt 1s po~~~Eie. hm1ever, lo 
"ll'ld,•r rcde·lclopment 111 thc form of urhJn renewJI a~ J 'lCl of .dlcrnJtrvcs 111 
·1c d,·q~n. F•>r lhr~ .rppro:~ch. rcJe\clopment cO\b 1\uÍÍIJ be rcqu1rcJ fhrough 
,,. u'c ,,, lhc· '"'lllnenloty, tl WJS po,~1hlc In ,¡.,,¡gn J Jevdopment l'll\1 lo e:~ch 
:hJre'J 111 lhc ,,.,, ,lfCJ. 

l'rn¡'e'r prc''e'JII.rlrnn of 1 he LmJ l !,~· PI.11J Oc•,¡,::n \f .. Jcl Otllpul l'i ,JJI lllljlllll-
11 ll'li\ld<·r.lf;.,n 111 .t,lllc'l '"!:! .lll'c'pl.lllle uf"' J,·,¡gn hj pLIIHll'h .tnd 
J\c'IIIIJI<'II!.d llllrcl.d, hlll!,rl mod.:l,ltl!plll\ 1\c'fl' 111 l.lhlll.tr f•1rlll .lltd IH'rC 
t',IIIIII:·I¡¡J "Id: lo ~"llle'"lll' f'.Jmdr.~r \IIth lhc· •'Jll'r,:¡n¡¡ uf lhc llllldcl lrnprni'CJ 
e'".e'lll 11!<'11 \',¡' l.tlc'r JlhiCICJ by IJhii!Jr Jc,J¿llJI, <JI uf th..: llllt:n,lty uf l'Jch 

1 \"U l '>1 1'1 \\ lll ~1<,:--J 

i Jllu-11\C .:cllltly lile',,]¡ '"lit' l'tllllcd uulpti! 1\',J> ., ¡•,.l_¡q,·p:cJ b) vJI<I!e•l i •:tJ­
u~c m.tp' lll .. llll,dly P'<T.11eJ f"'"' l!:c !Jhlll.ll Jllllll-uiJl 

.-l·.n/,¡/o/, \f.,¡/¡l '''-.'lcu! \fuclc!s 

.\liiJO'I,Sh lnJc,tr pr<·grJJJlllllllg provtdC'i J rc.J\llil,bl;. \,tlhfJc!llJ} f¡ lllle'\\llfl-. 
for J l.l!lJ-usc· f'IJn dc\lgll lll•,Jcl ti püS\c''i'iC'i ~crt.11n lllhc!e'ill Ji,JLh.t!ll.J~C:\ 
llut ·rc:-lnct tts ll>cfulnc~s 111 Jcs1gn fhe prlmJr) i!lllJIJllon 1s lhe nccJ for 
contmuous 1 Jlhcr lh.1n Jisdcte IJ!ue~ fur the IJnJ-u:-c IJrJJblc·s Lll\,:-u,c Je .rgn 
dwrccs JJC by llJlurc lbUJ!Iy dbcrelc ralhcr thJn c:or.imUllUS The b:i,le e'k111ent 
of re~rJenllJII.tnd u:-e 1s lhc >UbJJVb!llll rJther th:m rhe lot lnJuslnJIIJnd-use 
umts lend to be mJusrrr.d p:JrJ..s rJther llun mdtvJdtJJI fJctory SJtes. mud1 le\s 
land acreage. \Vhtle ti 1s poss1blc lo round off lhe l111eJr programnung \OitJtJ(lll to 
s:tlrsfy lhese nJIUrJI disc:rele levcls. such a solut10n does not usuJily co!fco;pnnd 
with the assocJJted d1scrctc opttmJI combinat1on. A second lmutalton of l111e:Jr 
programmmg 1s thc neeJ for both a lmeJr obJCL'IJve funct1on Jnd !mear 
constramts. TI1e line:u obJCclive function 1s nol J sevc;:re lllnll:tllon, bcc:Juse lhc 
maccur:ti:ies 111troduced by a lmeJr :tpproxl!nJIJon of co>ts are U>UJI!y lc~s th,tn 
lhe errors of co<;l esttm:Jtion In the few mstJnces 1\ he re J..nown nonlJne:~r cusr 
funcltons occur, such JS m lhe p!Jnt cJp.JcttJes of Jre:tw¡Je fJcriJtlcs for WJlcr 
supply or sewage treJtment. the w~t brcJk mJy usuJIJ) be SJllsfaclorrly 
approxrmated by a mult1v:trtJble ser1es of luteJr cosl VJrtJbles. 

NonlineJr conslrJtnl reiJtronslups presenta more ser1ous prohlern Ccr lJIIl 
Jes1gn sl:tndJrJs :tre mhcrently noniJncJr, JnJ J lmc.Jr Jppro\JmJIJon :-urnetunes 
proviJes an unsat1sf:.Jetory :-ubstJlule. When J dcs,gn moJel is nol Jble lo provrJe 
SJltsfactorrly for a design sl.uJJJrd, it loses mo~l of its usefulness. 

Dynamic programnung, :~nothcr member of the m:tthemJitcJI progrJnl!ntng 
fam!ly, h~s lhc polentJ:tl for removmg thc lwo prtmary rcstrrctwns mhcrcnt 
m linear prc)i;_rammmg J\lthough Jyn:11nic progr:.l!luning nJJy be useJ lo ~olve 
the \.tlne l:tnd-usc pl.1n de~ign pruhlem, ti 1s bJ,eJ on .1 Jrffer.:nt cl.m uf 
nuthemJIIcal pwccJures, whrch Jrc cJp.!ble of h.rnJhng Jt,Lre•tc ,IJIJ nunhtll'.lr 
DbJecl!l'e functtons JnJ Cllll\1 r.JIIll rcl.rtrun~lnps. 

R1lh.1rJ 13ellmJn<lf lhe R.111d Corpur.rllull WJS thc urrgrn,Jtur uf Jyn.rn11c 
pwgr.11 nnnng JllJ hJs <kvelopeJ the lheury JIIJ Jpph,.JlJun of lhl\ mtllll\t.Jge 
Jppw.rl.h lo dL'l'I\IOil m.rJ...Jng tu .1 high dt'grce 111 lhe J.¡,l d.:c.1Je ·\ !J_rgc• nurnha 
of cl.l'l'C'l uf J} n.I!IIIC progLtlllllllll):! proLC\\e:, h.ii'C.: be,·¡¡ furnurl.tlcJ '''r l''''hkl!l\ 
lll ¡)rodtJllhlJI ,,h,·d:dml!. llllJ..e·l li.tjl'tllllll'\, .111d f,·,·dh ~eJ.,. clli!litll ') •lc'lil'. hur . ~ 
th,• d.l\:, ol procc,, of fH!ill.lf}' llllcrc,l 111 dc,rgn 1> lile• .illoc.lll<'il prllc<'" In_ 
.1 d) r;:llllll pro¡,:l.llliJlllllg llhldc:l. tl1e hJ,rc co'l .tnJ J,·,¡gn rclJI!!lJhillp' Jll' 
,IIJIII.1r lt> ¡!J,"..: d.:IIIJc'd f,,r thc litlc,lf prugr.llllllllllg 11~"'kl. bt1 1 •h.: Jill'th"d 11! 
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file' "!'i"UI<.' l•'ollt 11 llll'•,ll t~fthi5p,if'O ,,.'Jc'•.¡>.'li·J (\Jl ;[-;'-'le.:\) el[ !l¡;: 
l)f li .11 .h.~..\~111¡.1 fi,Jl'l1g ,_1! h.'...:\t J pJrtJJi fCllt: ... PlJt 1t)¡l .:li.IJJ·J-ll\•.:' n~\J·il!l 

.:luprnc'l!i lc>\l.rtJ dn1.:;.n ·\lt'Hlll·~h thc l"tji<\JI.·P,.: nf f,,l,'cl·l:llg l.!nd-u-;e 
:lc'l'llh':li IV<~~ lihk.lted hy tl¡c ;,))e cf t!l. LJ:h! ~_:.,l. Sli'ill! ./'t 11 \futkl 

tl:, d._•,~,.;J!,,:J l·Jrf!~í 111 th1::; p •i1'~r 111J tjt!Lt¡J~.:J !11 .. JI~l~fth'r 1~.-' ... C'dl pJpcr.6 rile 
;,·r~ ~ild l•·lllt.tl:,,ns nf ntlt\J ... ·,t;ll-('<l~ntetlmudds !lut Jre unl) remotely 
·~d _to rhe '~ nth~sts oí bettcr u,b:Jn J'ld t.::g.onJl p13ns .;!wuiJ be JPPJICi1t 
The c;e.~J fur Je;Ign n1odcls lil •_¡rban plJllnu:¡; 1s foilL!l:Jleiy ~ccornpJmed 

reatcr P'''"'!J¡I¡tJ•:s for thcir sur.cess Inctllsrrt:JI JppliC-'.JO!lS of mJlhe-

cJI moc.lels m normJi,~c fur.c!JOns such. :!5 proJuctJO'l sc 1¡cJ¡,J¡ng .Jnd 
mJI prothl\.1 Jc~tgn h;.¡·¡e bcen compJcuou2ly more su~cessfu! th.tn .tltempls 
1lltlJte humJII bcllava)r.jl pJ!Ierns m a nurkct. Quite :.tmply. 11 1~ much 
r to U\e a modcl to tcll peop1~ what..thcy should do th;¡n to C\pbin what 
arr' domg. \.¡1~n tht' fJnt:tslic cumplrxt1y of thc mode1n ntctropolts, would 
1 he wcll tn etnphJ<;f1C 111Pdel devel0pment in JreJs rh.t! pronme both .1 

Il.llll conl1tbutron .lllu J htgl~ proi1abdtty of Sllccess? 
fhe tm..Jgl' of de\1gn 10 urbJn p!Jnnl!1g as J remn3nt llf a bj gone :.ge of the 
b~atPiful'' mu~t be rt:p!Jccd hy :1 ncw Jeqgn conccp1 bJsed 0P !hr cre:Jtive 

•CSh ol L'llmpk\ p!Jns usmg ,.i! lhc Uols pru•ndcJ by nwtlcrn t~?L'l111ology. 

'(}\fWTI(JI' LtJIIIIIIelltary 

'" Fire Yrars of Dert'f,¡¡nnent Expc1ience 

~he tH•;JinJI cnnu.:pt uf J Lnd Use PIJn Dcsign ;-.t,,J,:l was :::;JglllJicd in the 
l'l (tf 1 •)(d JI the SoutheJ~ll'J!l Wi\COIJ\ill Rcglll'1.d I'IJill'lllg [<llll/llÍ:Nlln 

R!'C) by Kc,ll\cth J.), ltl.1gcr JIHJ WJS furthcr d.:\dopl'U 111 •.ic-IJrl for :he . 
. llll>n "f 1he forc¡:cllllg or:gu1.il p:¡¡wr 111 lh<: !,\JP lfl .\!Jy oi i'Jt,) Tlus 
d p.q:,·r '11rr..:J l'llllll¿h !lllc'rc'l IP •crve ;,s tlJe h.tw; for J r,:.;,•¡r· .. h proposJI 
Dq>.lllllll'lll uf lloll'lllg JIH.I Urh.tli !k\'<.'!·lptlh'lll Th-: ;•r·lPI",'' r.:.,u!t~d 
"'lllh ~~l.! ti! io SI\\ I~I'C 1111Jrr th.: l'rb.ll' J'l.llltl•Jrg [{~v •rlh .'JH! 

l'li,llh<i' ¡li••:;r.IJ¡) 1'.11 11 t!l•' PfllJ<'C! Jc,lg!l.dl<' 1 \tÍ \\1\t\"I'Ír! ¡·r·-l. rhls 

l ¡, '' jll< 1Ll'<.'• 1c'J 1 iJrPIIgiJ 1 WO piJ l \<.'S .!llJ '' lll 11 ~n! Jy .11 1 it•; r,_:, 11111!1\h nf :.1 

nd u•n,iJIJt·•g ;1lt hC Tlu' conHncril.try 1\illtd.Jt-: "'m.: 1.flh<: .:\¡~rll'nt:e 
d,tr,to~: :IJ,, re\l',li.h prugrJJll JllJ rdlc' t Wlll•~ thou::;ltl' no~ 1!1~ iu:wc 
: d .1nd linttl ilt•l'l\ "f uri>a:1 (;t'\Jgn I'HJtl.:ts_ 

"l/IJ/o'\1) tl·,·¡;tlrj'IJ\,; qf f'J¡J,C j ¡¡f\','¡,"'!l"li f't)-1. ",JIIlfl bc,;tlllil 

De'"·_-,¡: \tl·d ... ·: .lfh.; -~r 1 ¡ly 1( ~., J )f. ti~ l~)Jil1J1tlf1Jfy ·'' ., 1:-,1 ·._·r ,_¡~­

k~<:;\)tro:; \\\...í~: J~ ~~:n .. ·~J ld J>!11\,_: f r!:c f11\l V .. ,t; kufLl'd l'.IJJ .... I·J J !r! 

.lil) ~..·rf~· .. l u:r P~L~\L' 1 'lll! ·-.l"l 1~ J p11J1 "/ tl-.~t.?r¡: lt· d[ \,; • '¡· 

ll1.::"? l\'." \.~ce 

il ¡·,··. ··¡ 

(l) Stllle th.:- n ... •urc e'!' u:h.,r¡ d<.'\lf','l •s st!.:h th.ti .t Jc,!l> l'.'lili ,¡,,, •ele ubjl'll• 

(,L!:oul-;.IHhp!i<ls ,¡¡,)f'plll!,; cc:ntcrs. etc) r .. thu 1h.1n .lrc.•s •Jr !.1n.l th.: •t-.: 

of lincJr pcogumm.ng JS th~ lnc,cl•:l al~or1!ilm be e:~ me 11ncJ.:, ,. lill: 11 \!Ji 

,nfc.,"hle. 
( 
,, 

,.:..) Thc ccmpuler progr.:rns for reducrng fJ\', c .. llJ [,) lll~Jillflgiui 1'1Udc'i111pL:I' 

tS as clJJl!engi:1g a l:J>J.... JS :he ,;omputer progr:lln for tite mcclc! 11\clf. 

The tmp3ct of the fnst !•?;son WJS felt e:Jdy se thJt lillle 111~1c 1\JS -; 1Jcnt wt\ll 
hneJr programmmg, .Jnd thc moJel :¡Jgon!hm w.1s f01mul:11ed to d~:tl dncLily 

wllh dtscrete element; des1gn;:¡ted as "moduies'' -.vlllch wcre piJceJ 111 g.:ug1 .. ph1c 
areas known :JS "cells" subjeLt lo cer!ain constrJmts Jnd Wlth tl:e tlbJel'liiC of 
mlflllllillng devclopmcnt and operJtmg costs. The moJel JlgotilfJm. \1 ht,·lr dsed a 
steepc~1 desccnl seJrch ::!ppr,lJch. operJtcd fJirly sJII~fJ..:tor¡!~ 't' DlJ t'c 1 h11l JIS 

liint!Jtron> bc..:ame qu11e JppJr.:nt w1th !he IJrgcr Sl'Jle J\)¡-·l!~·Jt.·.J•h ,,¡ l'llJ\.: ll 
DJt:J-reduc1ion problems.the sewnd ksson. wer;: pnnfu\ly Oh\H)tJs ;Jtcr 

m Ph:1se l m wh1ch mode! 1!1~lllt dJtJ w.:ts provtded through :J s..:rtes of llllf<?!Jll' j 

d.1tJ ptcce<:,lng prllgr:Jms Thh ¡;!CC:!IliCJl JpproJch. ""h !!;; dums~ Inw!l\<.'11· 

icnce, servcd :JS ¡l¡c illL'CIJlt\l' for ~'1 l!ltcgc:Jkd dJt~-íl'dUc!IO:l pw:;:.r:n pJlJ....·1gc 

tn PhJsc !l. 
Ph:.tse l/. wluch bcgan 111 July of ]1)(¡8 JnJ cn[kd in Seplember of 1%0, wJs 

colllcmcd mJJ¡J(y w1th the JppilcJtion of thc modcl on a !Jrgcr !>L.Jlc to thc 
lkvclnpmcnt of a regionJllanc-u~e pbn S mee t he Sl \\'1\I'C lS J fl'gl,li1Jl piJillll!!~ 

Jgcncy :Jt,d hJd prevJOusly dcvdop.:d :.J rcgtunJ! !JnJ-us..: pl~n by 1 r.1d :l1on rl 
rn.:thods, the pi:Jn J.::vciop¡:d by th.: mudcl could he ~llhje<:l tu ,nmc -.~.trl'lltllg 

e: '111p.1rt~ons. 

l)p¡c.: ihc Slllllh.::J\Icrn w~~cunsm r~¡;10n :sl.trg..: m ~JI.e (.2.üS9 ~u.1rl! mtles) . 
f'l¡.ht.: [! \\.1~ dut!111lJ!cd ty J.I!J-redu..:tlllll :Jdl~'IIIL'S Wrth :h.: "''l'l'll<'ille tlf 
Pll 1'-e !111 tnmd, .1 gi~'.tl dc.JI uf \?flor: w.1~ Juc..:led 1\l\\ 11J thc dc\,I"P"l'''ll of .m 
l!llcgrJtcd d.ltJ-redJh"!lull \~slem lnlt.:t;r.tl:,lll 1\',b cni.n:;cd ~ulh 1h 11 thc J.t!J­

Il'du.llllil :''"~~r.::n J!lJ th~ lll<>d..:l op.:r:.tt111g J!fol~fJill\ bknJ,·d 1111" llll<.' ') ,¡, tn 
1\Jll¡tJI' ¡¡)l,¡!tliC, C,lth'T.II'll, cll•,l .ttlcltnp<lt;f.l]•hlc d.tl.l.l' /!IJllll\ J,,,f.t ltlt,J li'.l' 

pl.1n .1" .JI' ''utp111. 
In 1'11~'·•: ll Wlih th.: dJIJ-r··Jt:diOil p1ubkttJit11d.:r ,,Jfllrpl.tltl•IJI\I 

"Jlf'<llll!lltl) Jnh<.' 111 . .:•: 'lil' fl:\lli!<; llf lll!ltkl ''!'él •IIUII 1\ tlh r,·.tl¡,ilc 1111'.1; d.ti.l 
,\irl ou;!J tll~ rc-.11lh ,,f ¡1;.:-..: tll.tt.d tll•Hklrttll\ <\.:re ~llu>ttr.,~lll<! 111 1!1 .r lit-) 

r,···cll!l•kd .1 pl.tth.hk 1'1 :r. <.tlll'.tdum¡.: tite gu.d, "' LPII'Ii.'ltll .,¡,,,. · ,,,,· ":.1 
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• J•·,:. •'"'.i ¡,,f fllltll.: JIIIJl"'\, II.LIII <'i ·J,_ 'lill<ic'J 1\c~,: Jlltilc J!c",J JI] 
1\ ll .J ft'.l, 

1) 1 J•: 1<1< •'•: :
1
_''1'):, 1) \L'L'llJL'U \J(I\1' JJ)¡•J'L• 11" ':, J ,ll J illll l'III\Jtk 1 {flJ·~ 

o.• pi:,, :1, 1 _ :·.:J .• •J upiJJJl.d) ,,¡!Jii:<~n 

~) JIJc• ,j,. _:·: ,•'Jl•ll ·'1)),, 1\J11Lh .JIC IJdc'IJ<L·J lcl l,'il,cl ¡J¡,• u' 1jcl'ii~L'> clfliJC 

cf.'\l_;llt•litc·¡ IJc"Jl 1 l'lo!IJJ.Ji LO~( IL'lJIIIIL' J :0::'•'11 .k.J! ,,¡ lhu11;Jii .JllU >iUJy 

fh.: t>J 1~o11.J! llll1JL'! J!~tlrJthm .I>>J~J> JJil•duks lo Jf.:JIL..:Ib m J <;<:rll.:s of 
:,:ur;. jlJIIJIJl'll\ Tl1e 11hole UL'SJgn JTC:J J>-(lJ'I.PJJIIIIl>neJ mro 1110 suhJ1eas, 
nJ c.Jch moduk JS ,J"Jgn.:J to une ufthc,e llll\-~UbJJC.J> bJ:,cJ on comtrJint 
bscnJncc JnJ LOS! mmtmJIJtion. EJLh subJreJ 1s 111 lurn Jtvtded 111 half, and 

mJuk> JH? Js>tgned to <:Jch hJ!f :.~gam. Thts proLcss conltnucs untrlthe smJIJest 
rcJ rs :J\\tgncJ· a smglc ccll Thts appro:.tch lc:.tds lo "holtstrc" érrors in that 
1uJuks .He :JS\Jgned CJrly in the procc>s lo a \el of cclh tlut la ter. prove to be 

Dnupt1111.1l Smce su eh C1 rors unnot be corrccted. lhcy rc,ull 111 pcrma_nent mis­
'Joc:IIIIJJl of moJulcs_conlrary loan opllmJ) plan. Aflcr a gre.JI deJ] of mvesliga­
on of possJblc 1111provcmcn1s 111 rhe prcsent algorll!lm, J ncw approach to 
gorJt hm formulalton scemcd Jcstrable. ---- -----

TI1c othcr problem conccJnmg wns1ram1 formula11on w.1s lcss a mathe· 
.Jrtc.d ¡)J(>hlcm rh.m J.VJ!uc probkm Qu11c s1mp!y. the profcssed goals, 

IJCL!IVCS. Jlld dC\Ign Lrt!CrJJ UO not ren.::ct !he fCJ) goa)s, ObjCC!JVCS. and dcsign 
rt.:rJ:.t In thc languJgc of socJJI psydwlugy thcre J\ J "l11t!Jcn agenda" of 
m rc'qtmcmcnt s. The problcrn tS tu uncovcr t hts h1ddcn agenda of re JI design 
JUIJcmcnt<; .md comcrt thcm mto cOJblrJtnts for mput to the modcl._ 

RL·,ult<; to d.ilc Jlld thc nJturc uf cxi~tmg problcms mdtc:.tted thc nccd for a 
o-pron~t:d Jlt:.tck to rnJJ,.c thc modd a u~cfultool fur piJnners, arLhitccts, 
d cng1itccrs: 

,\ progr.un to doLUnlt:Jll thc CXI\tmg modd Jnd a~sociJtcd dJta-rcJuctJon 
pr.,grum Jll lht: form ofa U,cr\ :'IIJJJUJ! und.:r~IJildJblc by !he 
pr.JLIIIJIIflCt ~11Ll1 J~ thc pi.Jntwr. arclutcct.or cngmccr 

,\ IL'\l'JTLh progrJJil to C\plorc fund.JJJlt:JJIJI c¡uc,lloft~ of Jlgonthm opera­
r 1on .uHI LllJJ~t J JJnt fornniiJttun. 

r,, 1 JJIJ,JIL'I~. fin.JIIL JJ! \llflj10JI hJs hc<:n oht.JIIIL'd for hoth progJJIJlS. A 
, '"jliJ,L'III pr"~f.JIIl tn di'LlllllL'lll ihL· llfl'\l'lll Jllodd 1\ Jlh \ome 111111or rmpruvc­
JI\ 1<.J!I ht' IJI¡¡,Jc-J h: rh .. · l'n11L'J Si.iiL'' DL'Il.llllllL'JJI ,,¡ lf"ll'Jng .mJ lJJh.m 
_.J, J''I.'JJ! IIJicfc-r IIJL· \\'hciiii\JIJ J'D-1 J'llo~~JJJJI lll IIJL· c..;,u¡IJL',J\ICJII \\'J\Lllll\lll 
···1· d l'l IIJilJJJ<! ('l,llliJJJ"I''n A ,.:conJ rc'L'.JJ,IJ-¡,,IL'IItt·d pJo::J.Jlll J\ bt:mg 

J ! 
1
·:· liJe' ,:Jliii,J! c..¡,JL'IILL' f-Oll!lU.IIJIIII l•hfollgiJ \I.JJt¡IIL'IIC liliJVL'f\JI}' 

·. •f., 1 lih·,,· J'fii:,:I.JJil\ )11\C liJe J1llfL'IIll.d of ~t'dllc JIJ_:! th,• dt:\1,:!11 JJJt•dd fC\C,Ifdl 
:1, '" .1 •: ,Jc'lll JI Jll IJ¡c Jlf.ILfJL.IJ llllf!J o JI' .JL'\I.:d 

3 

4. 
5. 

6 

L \ '. 1 J 1 , 1 1'1 \ •,; 1> 1 '> ll, N 

f?tl'L •' 11,' ~~ \,'\f/11~ f ,111¡_/ {1\(' r·()}('(¡J\{//l~' { 1 jp, ¡ 'IL \, f i •::~.._ f{, ''• J ~~1 
(',)¡ 1'tt,.JJ • ~ ,'í .._,¡,\.,¡ {t) !IJ~ f3J,{I)fl J~L'.:il••,, 1 ;· ,;¡,,, '= r'¡ •.'- 1 1, Í'l 

(l'h31 

<:;,IJ! :~:n. !(,'IJ.h'l h J 

fl'u/111< 11 R,·¡,>J,/, '),)uti:~J<;féfll WJ\Lúll'<Jil R<:;!Jl)JlJI PIJ.Jilll:g Co•!li.J''•• •ll 

\\,¡t,l-.L'',IJJ. WhcOJl\Jil, 11. :-.:o 1 ( 1 1)64) 

\k\JllJ<:r, Chr1<;toph<:r. ¡\'u/es on liJe S) 111/i,·>IS uf Fur:n, H.Jn.JTJ ln11 ,·r·Jt~ 
Prt''' CJJnbrJJgc. pp 15-16 ( 1 Y64) 
1/nJ. pp 7-l-75. 

BcllmJn, RJchJrd E, Jnd Drt:yfus, StuJrl E., lpp!ted Dynanz~t Plug,Jnii!IIJig 

PTJ_ncdon Untv~rqty Press, Pnncelon ( 1962). ' 
Schlagcr, o p. czt. 



:1 ull\stdcr~lton \Jf 1hc ~1--rip!t: ::..or re~:at•on~ LelV'/~Lt1 }:l 
p.lll'i nf ·,.l~nlJJl) :llid .Hr:ve.:. .1( 3 !;Cilt.:r~all/Cd VJ' rfiC1C.lt 
<·1 ,lctt·rrn••·~t!OH IF. 

j _,¡-..~cwll•r tn thc urban context, multipiL rcgres·,:nr> 

•~ p::l_l;lltd -by the Í.tCI th:H m~ny van.1ble~ ar<: ~pJ.t•a'ly 
th~tnhute¡l ¡n:! Lor•f'l:!tu! fashwn \Vhen a large nt•:nber 

of s••ch c•l, r~!ateJ "'.!qx:"rknt V.lrla!•lts ar~ ccmtdcred 
.1s a b:~~•s fo~ explam1n)! otht:r phenornena, thc "'u3tiOII 

_gtvu r~>c to .1 :u.nhclll.lltc~l ¡),¡T,c,•lty l.ti't>d LOII,nca.-py 
or rnu1:i ro !Jne~J![y. "fh,.= t":\l~lencc t1~ <.ol1¡n·-~ntty c~~l~ 

m.H:y do,thts · op ~ollv~mwnJ! llatis!lcal .t'laly:;ts, nnJ 

ur:ates sr:v•;te opr:rating prob!cms. One ::ppwac;, to 

rc:(luc••g tL.: nur~lber of v.tnablcs Jml th<' toHcractlOll 

!Jetwccn tht:m \\ il!!e prev:rv:ng, tf de~• red, tí.c •nfluence 

o! 3 large 71Umbet ol vanables, !', bosed on ,he "se ot 
o.:ompon~nt ar.alpis cr factor nnaly~i~. ']he ,'clu.d n.ítu;e 

o;_)f th,_se tc:chrPl.¡tiC5 1~ 111 dc:t.l!l ~~gt,!y flllSlr:r.:t ,lf'!d tdar:,\". 

'·'·'''L·Il. In. ''"~c¡H, how;-ver, !ht·y JHO\!dt: J \'•Y 1n wi11clo 
''1'=" .•pp:-.Yr.•lllt: (,f.~ 11~-~11~b~..- ·Jf rr~rern:l .. t~t! "v.~ril!~k; 1n •he 

me ro¡••llrfJil 3r¡:.1 can lw 1euuced toa :n0re Lnnted num­

i)< r ol 1 nd._ JlCiltic..JH J..~o.. tf•rs 1 u cle•thJgr 'Ph~c .H1.dys1s, :or 
< x.;ll··¡lk, ,¡ '·,;¡s \1.::t'n tuu1.d th~t .1 brgr pn.portton of t11c 

1, 1
);. te nu:s ~K'l\\'Ctn nctg:1borhnods \ll .-; c1ry rnay b:: e .... 

f' 1 ¡qu·d on ~~H: b.1~•t; of o11!y 11
HfT irH'epcnJc:r~t or .1e.nlv 

llt•!c.p("rl( 1cl11 fauon ~~vlr1J¡ are rc~Jtc~! ro ~f.ltU'l, <Jensrf) 

~.H~ Ltrndy s:.lt~, .-~nd ~(·grtg:.r!r'HL ~llnd.lr cÜ1nporaen1 O! 

1.1\ 1or .H1:1,y~es prú\ 'íit' ;1 !'~•v;c, fu! 111cans tor org trll:'tnl~ 

!,1r,l'r JJLJ~'lf''i of tlata J'nd ldtnufynlt, l.:l: 1('r'png p'r!~rns v1 

,,,, r rr l111tJT1S rifT10nJ.! v:uubles. 1 •H~1r us~ ':~ largely d!-

• 1 or ..1 ~nGrc cornpl~tt: ~!·\:-JS'>ICil of ~wnr oi thcsr pomt::, sr' '"Y 
i 1 Ha Clf 'lOJC..(llon 1"'.'1 I· ... :,H''lHlJliUII of tl!c u~ of h-f(Álds lh 

. , 

'"' , '"N·~ --;rw .. ':\ ~"'~-"' ~ :~ ~1 ,.~ 
·- ~ rz.-~ .. ;;- '•:rt.~J. '.1 _ \_ ~. 

stnpttvc and d,><..~ not fr.::,!uentiy c•Hn .;,ectl:· 1111() f.,,.l. ·­

(..1 ,jJ \ f'\ 11.1 ( il )¡'\ ~ 

h·1 purposn of runhu OfJ.;31l!7.1'L¡( lu1nv h~d,~,. ¡;~.~m! 
fro:•. f.1ctor an~ly~t~ dlld &ther st:HisUr.d ,¡r.Jiy,ts, son-·~ 

c•lor: ~~~' bttn clircc!Ld tow:~rd cl'istrr "n~'Y'''· Th·< 

¡~, hnt<]ue, as yet unperfutly .Jo~ 1 oped, 1~ d•rc(:ed ~· 
provaltng !,y\tt rn.n•c 1n.-:a.ns for g:r.\r~•'"lg arel.:; or : ·1~:::., 

of l>u~mn:. ot j~lpt:l.,t•on cia~,.;s f"' Í•Jr:l u syste'l .>t·. 

r re Hrncnt 

An m>port>nt tccl·rllq•'C: fo, _,l,J\'11~ ceriJI!l ¡l'<>'''cu.s 

!O n;Jt,¡ntl.!Jlg Dr !O n.:H k~~ bch,\\IOf ~S ::, lPt(• ;,.u·· t' 

pro¡;,rarnmmg. Th>s tecl1c!lque Wi'i iind by ·t< r.>:¡,,­
:la"'rh,)d.!) ~H~ aliocatHJ.fl \Vh .:h rnaXItlll~c:~ itr f.1'f1trnrlCl 

:1 hnear nhJectn·e functto't .. ';"he ,¡lioGli1 1JIJ n1 . .1y he Jr~ 

3llncnttun e[ cor1'itiHClÍOT1 ro sub~trt> L ... , Jn c'l<-'t-at!Gn ct 

ta1~1d11~s to d'.!ve!!tf'g uru:s, 01 ut tHH!¡~cb t~> P'01!.!r(': 

The :::hJ:·ctJVt> f11nctr 'H would he ~ome illras~llc vf C•l$•_o. 

,\~ 111C'·C:Il.~nt eh rc.rn .• t\·~d by mll1ti¡"·!Yitl::f c~~h Jl:<-c.~r.te·· 
~'Y 10 a.:;,onare.! co::'fiicl~nt and s•:I'Hning nvc• :-tif C~:ic'~. 

'1 he solut•on to a bn~·tr pmgnllii'IIlg pré!')el!l !>:1s 2 

dual ~fJiutHdl. wh1ch prov1dr~ tnfmrl'.ltioz, "'"''·•( L0St~ 
;,¡¡•d bu•din .ts\•gnabk to tltlferent a~flCL!~ of ~~~ .,!::·:,¡ 
•1or. an·ved "t IP p~ln!c!!~lr. t'K· I01)ldted i..ti\lc > (1t:r•\'t':d 
r, ot, ¡ r ht us,. of lCf)Ourcts ar,. ~crner tt11es t .t l :t·d ~ ll:hfo\ ... 

prÍ(t·sg 

~o aítcmpt ha~ !>'=en made ru prov11k .11: cxll.l'IS!IV~ 

g!o'\s:-try or ~!,srus ... ,r,n nf 'dtese pru!J!cr~~~ '1 }~l~ HHrrr~~·:--d 

rr"~h.lt. 1S reÍr-rreli ~o ::1nrc1C'!. ::il d11'i fornnu! ... r-d ro st~H.,,:_ 

:trd te,.tuoü~~-

f'!Jnnm2,'' lur~rtJui o/ tlu Aml"ncau lrJ ... tllul~ o/ riu"FtJc.~rt, XX'IT 
( "Jo'tt..mhcr, f 'JoO). 2o5-72 . 

~ ~.~.~ f,a.~¡; Ff"" ;:u: .. 
J V!' •..d) l-"""' -·e> •-"" 

George T. L~:u'hrop and ,Jolm R. Hamhur:; 

Tht< muhc.rs prt:srnt In t!us urt;•/t: tht< lciu/t; of r/;-: /liS/ ,,,,ge-s '" thr dnr/op:nt•ll 

of a model of mb,m g1 Oll'fh ,,;;\sc h d~pr:ods lrulfldv cm trun>fOI'l<II<Ofl cornc-pt> •md 
1/Jilulr rnok~s liJ~~ oj 1.1 t1'0dlfi( a!¡On c;f ~\torton Sl hnc rdCr' ,- I'Jfn urn•n .. r: OJ 1{'·1' 114 rttty 

modd (ntdmanly uppl~t:d 10 ,/r:p ,¡,,,,butiOn.<) in r.·'f'"'Jflg th~ op~;¡¡foJI o( ;ht 

rn~dc.! le t"rf111Ulfc.~ llf /Jt·Jty d~'JJIIJt"f, J}¡1I papt.·r rcc,d.'r 1 J,.tJJbur:{', ... ontu!·rdi. 'fl ;O 

¡1¡~ Journ.li o¡ s11 vears vgo, 1"11 th~ me rho:/, u:cd jor d1.11nlmts'lg g• otvllr ap,"ro~: ro 

be n-r.:ch mor~ rrahst1c. T:~.- t!uthors e:rp1ess lh<' /wpt< 1hor !et·rls of .1rl1t1!f'' r/c-n.:ttrs 

rP.ay lf! the jut¡¡re hf' :¡¡,;¡l·/t:hed urthlfl ¡l¡e modei. J nt fúpc~ IS nrallllf\' "0/I'WfJrl'~ y 

for tl1e MIL'ntwn ,,. gwt"s to th<· pr•J:)/ems of do·gning a (lnd;/e and ermly mn' r11odd 

and of e;ta~ul11ng good (O,,¡fllll'l•C<mon betwecr1 rhe com puter <Jnd ti• e /ln,•lpt J'l lhr: 
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/1)). '' }.' 1/,¡rnhur~ 11 D1r~' tor o/th~ 
,· ,r('Jjj u/1'' ... ll/1/¡f 'luf.rlrttiron of 

,r,_.,lJputr.J'IC•'' I','.JIJnlfrf! u11J 
¡•,,¡¡;t.Jmmln~. ¡\',-u, Yvr~ :,f¡¡fc 

()~F1.u '/¡·nr u/ J'~tl :tt ll'urkt The 
11fltrJu u rt>tponn'l/r J u prtpanng 

roulpuhtnnr.~ lfrJntporiJ/lan pl~nJ 

jor mtfropo/lluti .lltUJ tn urs:utt "Nt"UI 

York Formr-rly " sl.l[} mrmb" of 
du Cluo:s¡¡o ,.frr¡J Tt.Jf¡Jport.Jtzon 

SI' Jy ,¡nJ 1lu: Urtrort \frlropolltan 
ArrJ Tr.J/Jic \tudy. \Ir lf•mb.,r¡¡ 
A.JJ .zho f.rtn .J .;lJT11tllf.Jr,: ro 

11 .. tJJíurfJI1un lf,,..,' n ''' }'111/burgh. 
U',. h1l.1, .;nd ú, r"'· ~t·.l rJ t rnt1ng 

'tr.,, trr #Jitlu ('r,,cr, >'u/ North 
e .¡,.., 1oi.J, Cun1~ 1 1 ntr rt,t'y, ~nJ rlu 
~~ ': 1•1•11: Srrot¡ o ... • '' -f t•srt '' .Jn ~11uf1~1 
/{(U r..fJ ~Ífl!IMI,·, f ,1/,'1 

Al d st.Jfl numl·rr (,l,;.r Ruuau oJ 

}'!.Jt,niiiJ:J, SubJ,, t"un u/ "J f.JriJPDIIQIIO'tl 

/' ... J.Jn"'~ JnJ ¡·,., .'.:mn'P'6' Gct.11¡;t T. 
J ..;J ,,¡ ur }¡¡~¡ U VI" ~U vn lt ¡J 1/fOr/UIIOn 

r•'.J li /vT mrfruj /r 111 .JI(' . .U 1n 11{'1/.Jft 

.'.'rk Yur4 11n, r ',' ··' lit huldt r)u 
1 f (" }' J~grr~ IJII ' r/¡~ ( 4rf¡IICiJl(1 

Tt /ur. 1 0&:/fl{'(flr,i( }¡'¡,•('.JU u/ 
flrJJ,':U.'U)' 1 r.Jffi frúul 'r'wlr Unu·rrtlly 

/le IIIJ prut·urun.;! ,,,rm 1•t"r oj 11/P 

titE OONCFt>T OF THE MODEL 

form of /,:¡;zh/e and urahle ()UtputJ. Many of theu re.mltJ ar~ reproduced her<: and 

the d~Jtgn cntemz for rhe model are Jummanud at the conclusron of the artrclr-. 
R. 11. 

Systemauc and comprehens1ve tr:msportatwn p'anntng has come to depend mur,· 
and moré upon ob¡ect1ve techniqurs involvtng the use of h1gh·speec! computers 
to Jea! w1th problems of dat:l proce,~1ng, d.tt.l ,ln:J1ysis, trat1ic ~·mu 1 Hton, Jnd 
network evalu:uwn. The selectwn .1nd drsign of mu~u-millwn dollJr tr:~nsport.l-

.. uon pl:ms depencl on the stmultaneous evalu.Itton of m1ny cliverse r.1ctor~. mclucL 
111g traffic volumes, oper;ung costs, construct;on ccJsts, !.111J co~ts, .tccidc:nt chJr­
acteristics, and travel costs for thousands of tr:~nspon:nion lin~s and mtllions of 
people. Subjective evaluattons and intuitive speculauons have come to play a much 
smaller role in p!Jnning transportJI!on systems th:111 ever hd01e, 

Th1s trend ts also app.1rent m cny .tnd regwn.1l pl.mning. \Vhile it is clear 
that design :mJ .trsthetic c~Jr:lcteri,tics hJve a very unportant role to pby in 
p!Jn~ing cities of tfte future, 1t ts equal!y clear tbt the an:1lysts and m:mipulation 
of the m:~ssivc Jet.11!s thJt mJLe up a functioning cit~y o( .1 ntillton nth.tbit.tnt~ 
reqUire computer tcchnology. 1\!ow:u~re 1~ rhis more apparent th:m in thc projcc­
uon of !and anJ transpon.nton reqUJrcments for a metropo!twn region to a lime 
20 to 25 yeJrs 1n the fúture. 

The oppo~tunity-JccessibJltty model attempts to bring into an objecuve frame­
work methuds and toncepts whi.:h l1Jve heen commof!p!ace in pla11ning for 
severJ! years.' Their 3ppltL.ttion, howevc:r, has often bc:en suiJjcctive, and thcJr 
replicatwn by otht:r professtonals h.1~ bcen ddlicult. Obvtously, thc m:1nu.d :lJ'Il:l­
catwn of hu!d111~ cJpacity, acccss, and denmy 111 e~tnn.tting growth ,tl!oc.ollflll 
1s not ne....;, but their use hJ.s bc:en limiteJ L11gc.!y to'rhts sort of subJeUive procc,~ 
and to small geograph1c areas. . 

There an: c:mpincal as wel! as theoretical shortcommg~ m the model as it now 
exiSts. 1t dues, huwever, incurpor.lte some of the more signtficant f.tctors thought 
to be ,:lSSOCIJted Wltb th~ growth JncJ ÍU11ClJO!lÍilg' of urb.tn rcgiqns into a rntb!e 

yrogram whiLh pwduce~ sp:1ti.tl .Jrrangernents th.tt corrcsponll quite clo,t'l)' te 
obsc:rvecl p.ttterm. To the extent thJt the moti,} ~imul:ncs urban g.row1h, tt h 

·extremcly u,eful in providmg the measur~cl ~l.ttemc:nts necc:~~.try f<;>r ,pl.mn!llg 
tr Jnsport.ttton bCJlnies. 

The modc:l h:t, bec:n devdoped and is bemg tested by the Tr.tn~portatton 

P!Jnntng a nd Progr Jmrning Subd1vt~ton of thc: New York SrJte Dep.Jrt me m 
o[ Publtc \Vorks. !ts purpo~e is to alloc.Ite future estttnJtes of acuvtttes (c.:xpre~sc:d 

" ' m the form of trtp clc,unatwn~, in thts 1nst:mct:) to sm.dl geogrJphi(. Jre;¡s l!l t~te 

Niag.tra fr ontter Are a ccntereJ 011 BuiT.do, Ntw York. Thts. geo~r Jp!1ic a!loca­
,llun, in turn, i~ the tnput tu the rr.dlic a~s1gnment mOt!el whtch 1s used 111 tite 
testing, ev.du:ttJon, .l!ld de~tgn of ~!tern..~tivc sy~•.cms of transportattO!l facdttie~. . -

The mode! is ,tn opportunity model. In esse11re, the spati:tl dtstrihution ot an 
activity i~ viewecl .1s the succe'>'Ive ev:~lu:lttOII of zdternat1ve oppnrtunttic~ lm 

·~ . 
~~nes whtch Jre., r.tnk-ordercd tll tnne from a11 urb.m center. Opponuntue~ .tre 
ddincd :1s the pr~>duct pf .Ivati.t 1 1~é l.tnd and c 1 en~ny of .Kttvity (un!ls ot acth'·· v 
pcr untt are.I of l,l!!cl). 

A, =,\[c:lo-e-J,o,oJ'] 

where A, = the Jrnount uf acuvity to be allocated to zone j, 
A= the aggreg.lte amuum of aLtÍvlty to be :~llocated. 
P = probJbtlny of a utl!t of acuvny l>etng "trd ata g1ven opportuntty; 
O= the opportuntues for ~tllng a unt! ot .tctiVtty r.1nk-orJcred by access 

vJ!ue and precedmg zone ¡, anc1 
O, = the opportuniues in mne ¡. 

~-The use of the neg.111ve cxpunenu.d formu!Jtion following Jn access se.trch 
across .111 opportunity ~urbce presul!tcs th.n the settlemem rate pcr l:mit of oppor-

" . tunny ts htgltor :tt thc po111t of 1n ''"mum aLcn' or, most u'>u.dly, the Ct'nter of .1 

rc:gton·. Tht, clc:ment.try presumpttllll 1~ tom~>tent wnh both empmc:tl <~>serv.t­
' 11ons and the bulk of thc theory dctl111g wnh thc: economtcs of l.tnd use. 

AIP 



TIIE. NOTION OF OPPORTUNITIU The c:.HlCcpt of :Jn opporwnity for >tting a unit of :lCllVJty Jnvolve~ UO!n f~nd ;Jilrl 

a rne:Jstne (,f the i~tem;ty of tl>t: of t!.ar land. Land use intensity or clt:ns!ry ha 
bccn rrratcd asan ¡·qui~rbriurn of the price of land anrl tr<tn~port co~t~. 

A ,lmtorir:ai ana!y~ís of density mmr comirler Cll:'ltg!ng !•an~portatJon cost~, 

eh: nging ht:i!ding costs wlth p:u-ticubr empha~·~ orr the co~ts of fine :loo~ J1c:.1 

versus m!Jlti-stoneJ t:oor :-rrea, and ch:;ngmg reqll!rrmc:nts or prrferencrs for lora· 
uon :>rnong competmg activitic·s. In addttiOn to the cldliculttc:s that these corasídera­
ttolls irnpv~t, therc is the prob!ern of,,trllc\Ur:Jl ng:c11ty of the phy~K:ll tegion in 
tenns of bulldmgs and transport:nion fa<:t:rt•cs. These represcnt subst .. ntla! lnvest­
rne!lts which change only shwly. 

Largdy bcc:tuse of the cliH1culties ir.vn!ved 1n SllnuiatnJg thc intem.iry of bnu 
,11Se, the pre~ent den~ity has been seJected liS an appropnate measure whil!l ¡,: 

\ntí-oduced índepcndendy into rhe rnode~. This tndependence a!íows thc: me o! 
:Jltemative,dtnsities, whether thcy are ;,na!ytically cJ-:-rived, gu~'~<"d, or pl.ml'e: 1• 

Preferably, these ''alues should Le an integrJ! f'art of thc: model, hut th.H wi!l h.l\ e 
to be done anot'1cr time. 

TI'!. ~:tOil.\1!1• !ry o~ SIT!NG-"1" This pararnctcr is the probJbtlny that a unir of ;~ctivi(~ wdl sa:ttle or be ~rted at a 
unir opportuntty. For a w·;cn s•11 f.1ce of opportuntue~. the largc1 th1s va!ue, the 
more: tig\tly parked the regiort will be. The srn:~Jlcr the value of "./!" the morr­
~cllle•ed or sprawling the ~ettlc:nlt'lt pattern wdl be. Thus it is a .measurc which 
descrihe~, withín rl1c- constraint of the dcnsity-land opportunity s~rface, the .rel:~:ive, 

J' o\Jtlf- 1 

;,n:'·Jrt~nce of Ct"'r:' pm;rionn1g v~ithin L'-ie rcgion. ' 
T:te morl(': d·~tr ibutes growr11 1ncremmts across an oppo~tunity sur f~1cc which 

has tJren r:mk-or<lered hy rime p.uh value to the center. ~fter e.1ch iQcrem::::nt of 
gro\',',h !s a11Pc~tet1 , th.e available 'and is reclucrcliJy rl1e,:~mount of .bnd n·'JII;red 
ro ~it(." tht· ;r¡crernc-rt of activity, t11e opportuntty sur.face is dec(,eased, an,l th~ 

·.lctmty ;.,ventory )y ?-one is updated. (Figure 1 s.lO;v's the set¡urncc o[ 0per:~tio· 

S<"qrt<'IIU' oj Op.-rultOIIJ u rilrm t!tt' .\lude/ 
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withm the model.) If compcnng ~ct1VH1es are tgnored for the moment, the use 
uf an "fl" w1th l:Htte v~lue~ wou!J 1end tu senle e.1ch \lllll of act1v11y .11 rhe first 
oppor!.ulllty enwur:1ered Thus g10wth would s1mply be ~ procc\s of using l.1nd 
complc>te'y in evrr-rncreJSJng h.1nd~ of .1ccc~s from the ccnter. Vcry ~'11.1 1 : v.l~LIC'> o[ 
"R," úll the other h~nd, wou!tl ter'd to ~c~tttr .Jct1Vll)' .1cross the reg1on Wlule the 
centcr would stdl domínate, 1he p.lttern of sett'cnH m would be v•·r~ s;>.Jrv: As 
"R" ;¡pp1o:u he~ nro, the nouon uf .1 region s1mply dr~.1ppc:1r~. 

There ;~ppears ro he sorne crude h1~toric;¡l Lúrie~•JoJHlence to a decrcasing "R," 
presumably :Js a resuh of changes In the tr:1nsport~t1o11 technology' (cspccl.tl!y rhe 
wid~spreJd use of the auto). Thus the tr:Jil\llton f ro m rural lO urh.m was more 
abrupt at the edges of e.1rlier ciues. Land 111 a given tune-nng tended to be 
substJntully use u up befo re succcss1vc time-nng~ wac ~ctilcd Curruuly, 1 he 
demarcatton is typically in a broad hand wh1ch may be severJl miles in wtdth. 

~_./...-------¡ 
• o o. • l 

~l 
~-:-..... 1 

~~-~ 
~~ ... : .. 1 

1940 

~ 
•••• ~ 1 

•• "'.·: '•1 11' 

·.· . 1: 1 

1 

r 

! ;- ..... :.U~~:.· 1 

) • •• • :-:·. ••• 1 . -
. • 1 

~-~ 

~'<: :: :: :: :: ! 
• •••• o •• • •••• • ' 

• • .. • • l 

··.·· .'·: :. : :,; . .-~::1'·.·: i' 
.1: •. : .. · .. ·. : : ¡ 

1 

l',lf •• 

. ' 11 1' 

,; ... 

( .. 
1 ••• 

) 

0 0 0 

0 1 
ol lj:,! 0 

\'. ·_ : . . . .... 
f ... • • • • .... 

8·-····· 
·~:·:.-·.· 

j •• )).¡·-:. . 
·""---· ·.. . . 

: .. 
1 •. 

1 

.. ¡ 

1920 
1' 1, •, 
11 •• 

' .. 
. :.-.::>!l:!j."•, 
'''q'" ol' 

' 
1 

r' 
~ 

r 

AIP )Ollf 
MA'l 



' 

1\n :m:dv~1~ (/ the Cny uf \..:hic.1gn ¡Jüplll.l!lfHl scttkrntPt p.urcrn revea 1
1 a lrs~(ntnv 

of thc ·.lupe of l,tncl s.I'.L'•:•t;on a\ mcrc.1~•.,g dista11cn frnrn tht: ¡ .oop rlmH•::Ia tnnr 

Fl¡~•1't: 2 slH•I'!S ,; si~JULII•')rl uf tll(' grm\'lh of Ú1e Nwgar:: Frnnt:er ~egtOII 
prn<IL•ccd wtth a rrototypr of the prc~cnt modci The dccre.ISIIIg Cflil(t:lllf.l[l:tll 

of .rrUv!ty is .ltlJl.lrent in thcse ,J!locatto:lS, which :~re {¡uitc 511111!.•, tu the (!rmvth 
tl!Jt,lctu.•llv oaurred in rhc rcgton 

nu: NOTt•>N OF \t:t:t.\5 The obviou.; ·rnr~ct of transport coqs on the developrnent oí a reg•un ha' lo11t: 
betn recogn:z~.d. The mclusion of sorn{· me.1suré oC .•ccess!hllity ir.tu .wy n•odel 

proposed to stmu!ate ptesen•. gruwth or'.esum:ne future grcwd, ·~ :m,krJtive. 
Howt:vcr, thelorm :md \'lt;.~k Ih3t access should havt i'! tloc rn0d:-l are •wt ~u 
obv1011.'>; in !act, dl!S !5 the nw¡or :1re~ wh!Ci1 reqturcs c~anfica!lon. 

The 'l!odcl stuts bom an ovoly mnpltfied ;wt;oP t!l.'' );YO\'hh bcgíns 1t a c·~ntet 
and pt<Jceed~ outward. 'fhc sl!pfll)' ¡•r surf~ce of ¡.;1porwnities for growt~· wil: he 

'ex.trntncd in the,mdcr''of tr:·vel l!!lle r.·~lllllt'd :o rc.:rll :1ny loc:1tion 011 ¡!u¡ ~urf.•n:. 
Th•s conc~pl is nenher ne\~ :10r espel i:tlly untquc. 

Expctimcnt~ Wlth tlt:: model protc•type n:vealed th.tt tht. ~t.tth'lttH pat•.c•n 
w;¡~ vcry SC·lSlll\e t,J tlle tr:rnsport:H•on f.¡c¡J•t•e~ Fl;curt. 3a ~how~ a sr.ctk'11Cnt 

p.llter¡¡ wl:t• h mtgl:t hypo•!u.:uc.l!\' have Ir:.ultcd from a tr<>nsenrt.l!H•tl srstern 
comnos~d of five h1gh-speed facd1ucs rod•,ltilt[~ out frurn thc ccnler. Thb patlt.rtl 
1-¡,,~ been nored 111 rc~l cities a11d ;~ e\~ltCI3Í 1 )' conspicuL•us iri the >te!:~ te p~ttc1 n rl 
Chi(.lgo wlnch !S mpenmposed on tlú: r~d1:1l con~rnntcr line~. · 

Othcr hyí'othctiL.tl t.ctworb ;.lso pro,!urcd pbustble p:.merns. I;or .:xa_r':lpl-::, 
a s1rnplr grld of tr::tn~portallon f.rcd•tlt'S wnl1 equal 5pccd~ givl's a ~l:uare ~eulc 
ment p.l!tnr. IOt,Jtcd 45" with rc·spcd tn the grid (P!gurc ~b). Ti tht centr.t! X- and 
Y-UJOlt'i'';I(IIJ fJC!:IliCS klVt: ;¡ S!'t·ed .·~vant.>gc r¡y('r the otht.r l.Jc:!rtics, ri:c .m!n oí 

the ~qll~rc a•c p·d!cd 1n, .tnd thc scu'cm~nr pattem :J!1¡JrD:tLhc~ tlH ,h.1pc of a 

four-ptongt:(' ~!Jrfish (r-igllle 3c). Sonrt> m1dwntcrr1 pl:um utlcs é!" m fact 
correspo::d tu thls patteJ n or vrry s;rn!l:.~r one~. 

If only a smgk: tr.lnsport.ttion l111e offers high-specJ scrvice, the l!l:car furm 
of the ctty unerges. Tlm !S comm•m to cnies wl1•ch fa!! 111 a vallcy \'11th Ll1e 
m:un stn:et runntng p::tra!'el to tite r:dge~. Here, of course, the topogr.tphv ÍLsclt 
(m the form of thc opportut11ty ~urfarc) tends to rcinforce tFe !lflc.tr form of 
thi, snrlcrnent p .• ttern (F1gure 3d). 

The notiou o( acrcss, as develo¡,eJ hcre, should !Jr.t be confuscd wi~l1 thc acu:~~~­
b;ltty not1on tha• .1 givcn lorauon is rebrcd to .tll ot her lootions by the surn 
of the t1iJOlluHs !'orrned by C:JC;I !,lC~titJ'l·s ;vuvity, thv1ded hy 1ts t11ne or dtlta.JCe 
to the ¡;iven zonc r;>1se-d to s0mc ,10'Ner. Th•s g1aV1ty C(liKCPt, or propem.ty fo, 
'!'!c'r.lCliOil of ~rce1~, i~ ~· di1tinctlv l 1 1Ter('flt me~~LHI' An op!lon for CJlcul.Jung 
tf¡:s me;•surc has becn incluJed within the modei, althou~h to d.ne the r--~uh 
,,f usmg th1s ,¡'tcrn.l!,vc me~1Ure of acce1s !1Jve not becn cumpJred. 

T!¡e m::tjor po·nt to be emph:JI17cd here is tlut bv u11ng min:rn111n ttrne p.HIH 
vi;¡ ~!1c ir.t!Hf'"rl:t•ior networ:,, t'1e mude! has a rnuch more rcfiPed mtasure n! 

\e <•ppcrtutli'Y S'lrf.1re tit.m a;rliPe cl1~t::nce to thc c.cntra! business d1stnc1. 
· 'l !tus, w•t!lln the ;,rn•i.•t•l'f1' d the .dloc.llion proce¡lure, 1t 11 poss1blc tn incmp-. 

r.l!c r!•:· eríects th:H IJ1Ccific tr:~nc,oori.I!If'll rmprovrmciHI would h.1ve Ol' the lctt 1r­
:'l 'lt ¡'.lrtCI n. 'fl1c lltllre tom¡•!r x L~IICIIIOI\ ilf fc~dhack hetwecp l:tn¡i m~: .m.l the 

"'''''>fh>rt.llt~>n sy;tem can th::.\ !Je h.111tllc.:d from .1 much bctter poS!!wn. 

•1 111 :'>!•lJJ, · ,. ' ·\ '\1 ,\¡¡·. ·¡he prc.:~Ldll g dcsrnptlorl u' the modLI dlustr.nrs H\ utd1ty as a lJJ>I\ fur l~>rL 

l'J EVi\l.l'ATf"-' ca,tlll,t; thc future ,!,~tnbuuur. nf •,1cuple .tnd trtp-;-,l.tking. !t ts not neces\;tr¡', 
L.,"'' U'~- Poun 1·10wevc;, to so ilmic 1t~ me. 1 he moJel .:an he nscd 10 c>.:Jr.lme the rr gwnal 

¡;ro•vtlr rh.1t nm:;ht 1eSL1ir fwm celt.!ln poltcics w1th respect to !Jnd dn:c!upmcnt 

t:r:Nsl1 Y coNIROLl> Demity or tl•e rnten~ll)' vf the u~e ot l.1nd is funrlJmental to !he structlllt: o( uti:..Hl 
r(:g:cn;~ Tlw ·contr::l~t bctweer¡ New York City .md Los Angeln !S ,h:: mo~.tl 

e'<.l!llplc of c!enmy extt•:Pl<.'s tkn bavc ansen 111 chffcrcnt reg1ons. A cun~¡der.•hie 
_'·'n.·~:: nf Jen11t1C~ c.1n h'. found evc11 w1thrn a s1ngle urb.•n rcg1oP Tl¡c' rlrm:ty 
,,[ l"'J'UI.il!Oil In :i>c cerner o! Buí1.dn ~~ ()),250 r•ersons per squ1re •mlc of iiCl 

ro•t1enti:Ji J.md, 111 conll.iSl to the 10,000 persor,s ¡wr sqt,;¡re milc of net rt:,t•.knti.,J 

l.ill(' fnund 11~ thc suburbs. ct_::-;-;:::~;s.lr:t'-
: '1' 

9') ', PF!\Ilf.•VI.VI\NI/\.~ 
• ·p,n ·,'1' 1f'-.. : e,_, .~ ,'.:......::....._..J· 

•r.1r•• ''''' 
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Alrhoug,h the modd can sheJ no lrght on the rssue of whether 111gh Jenslt•c, 

Jre goud ur b.1d (.11H.l cny plJnners can be founJ on hoth \r,!n o! tlth <[lle>!I<IIIJ. 

ur 011 rlte quesrwn uf the extetlt to wl11ch pl.1nners <.tn c-ilecllve1y u't"I"! <ien>ll't:', 
1t c:m be useJ 10 ~'C.tmirie tl1e Jeve!opment wh1ch Jnlgln occur wttll .1 pre,ctJbed 

t 1 en~ttv surf.1ce as oppused to rhe c:xtr.lpol:nwn of Jll e;ent demll:c~. 

'"'~ '- ~1' \LE LONTROU Another pohcy often constdercd m ~haplllg the urban settkment p:Htern ts thc 
use of controllcd open space An open spJce pl.tn can be entered tnto the modc:l 

·J, :J sep:~rate tnput, zone by Lonc, ., .. ,' r!1e tnult~nt hypotheric.1l ~cttlement pattern 

wt!l emetge 111 vtsual form 'llu; .1ppr~Jch mJy be u>ed m cun¡uncuon wnh 
denmv controls or complete! y IIHkpendent of tl1em. A ~a;,¡, ·howcv~r, a raptd, 
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visc:tl picture of the region is obtained, justas though one lrad done a hrr..ld-.>rrcke 
's!,erd: pbn. The diiTercnce, however, is that a rncasured st:llemcm is provJdccl of 
how rn;¡ny people and trrp~ wi!i be locJ,ed i~- ::ach 7.one of the regic<~. Thus 
qu.tntdli?d, the sctt.lemcnr um Le convcrtcd imo lo<1d~ on rhe pwpost"cl u ... ,~~orta-
1100 netVJor!\; ant1 the re:.u!ung trJnspon;rt!On C'J~ts, !llcludrng cnsts of coll~trPCtHl!l 
JS wcl! ~s travel, can be used ro ev:J!uate the Lransponarion plan. Evc'ltu.rlír, of 
course, one would wrsh to l(~r·nufy costs of l.rnd development as wel! .1,; tr~nsporr:r 
tion m order to evalu:ne .tl~crnJtive pians . 

It .;hou!d be clea• that the use of the modcl is not restricted to foreca.srs alone. 

Specilic pl~ns for rcdcve!opment, sh.-Jpping centers, the central business dtstnct, 

op~n r.pnrr, density contro!s, a:rd h•ghwJys c:Jn be entered intrJ thc mulel. Such 
pl,uh Jre consiurJet! as given~, and the modt:l then <"5tim:.ttcs the popubriorr ~'ld 
tr.lVe! dr~mbmions that would Jccornp:my these pbns. 

An cx:~mp!e ot the me' usion o[ p!annrng decisions or assumptions is rll us(ratcú 
in figure 4. Figure ~a il! ustra•.es two assumptions: · 

1. Th;¡t a strong open sp:1re program would reserve ne:1rly a!! 
currently vacant land ill five arcas bclwecn pr<"sent radi;~ong corr~H~ of 

devdopment. 
· 2. That thrc-e high-Jensiry sub-centcrs wou!d he e.·rco•rr:-rgerl 

throu~!1 dens:!y cc.ntro:s norr11, easr, :Jnd sour:1 of the mJ!Or rr::g:c.na! cen!er, !lulbln, 
;uH.! ¡l¡Jt thrse centcrs W~Ju 1 d I:Je CO!intcted to nuiT.do anJ NrJg.lra FJl!~ hv ~ 

hig'1-~rced. non-~top tr;..r-srt f;¡cr!rty. (Two of the~e cen~er3 are 1ocared m r•,·sently 
devdo·)e·d arc.rs whcn; rcnunu'lg vacant bnd would he develnrcd at highc1 dcns•rv 
Th~ rhrr(l, north o( lli!fT tlo, :1 1n .111 arc:.r ncJrly ciJlllf'ktcly v.1c.rnt) 

Fo,l(Urc 4c s:wws the a'loc.ltlon p.lttcrn rcsultin~ (wm rncluswn of tlre li•1t 

.J$SUmtltro'l. ln rhc: J!:ocaiiOII slwwn 1n Frgure 4d thc sccnnd assumprron w.Js 
includc:J alonc, :vhrle rhe pattern m Frgurc 4e resulted from :ht fcservation uf 
open space :1nd the rntroduction of hrgh densrty sub-centcr~ with t~ansH scrvKe 
Figure 4b !='fUV!des con~r,1~t .1~ an ;;lloc:uwn madt: wnh ncaher of the ,r:.sumpt!O'l', 

Graph[c d1spL1; s such J-; thcs-: are e'<trerncly useful for qurtk cornprchemtor. of 

the sp:1t1.1l a!Jocatwn of a gro,\"tl: ¡ru:rcmcnl. But concrete rne:~s•Jres of thc dif1c, · 

::nces in the ~llocati0ns are ~ecess..ry for L.tnd use :~ncl tran~rorrJuon pbnrlllif': 
and for evaluat10n of thc !rT1!lJCt of VJrious alternatrve plans. 

Ag.11n, to ene a brtcf r·nrnplc, r:1e amount of !:1nd hrought mto use r!lustr.F<:s 

the rcsults obtarncd froP1 thc ddterent assumfJ!Iuns. 
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SUMMARY 

.1morsnl of /..muf 1/¡ought mto llu 

Sq11an· 
Jf¡/N 

\Tn (011/YO/s llSSttmc ¡/ 

Open srau or~l¡· 

1\'t u1 cetJic I.I only 
Jloth IIJJIIIII{'Iwns 

717 
251! 
177 
201 

The figures for trr.ds includrng the open spJce :Hsumptron do nm lllLÍU(l(: tlu:­

'-10 squ.rre mrlcs of rtservcd v.rc.un l.n1d. 
It r~ rrll.:rntrng to note tlr.rt the mclusron of the open s¡•ace a~sumprion resultcd 

rn ·a brgcr qua11rrry "f l.rnd htrng !Jn,ug'H 11Ho me 111 e rch c.l\t Thr~ re~u't " 

trnder~t.rrrd~h!e, for l:rnd held out of deve!oprnent hy tht' open ~pace reserv.rr•or1 

would have <.!eveluped .rt dcnsnu:s lughu th.rn l.rnd \\'
1
11L!' " f.¡¡tlrcr ''"'l' 1

1
1< 

cenrer and is now hrought rnto use. A more sophrstrc;Hed_3ppro3ch th.111 rflrre 

extcnsron of pre~ent dem•tres for newly de"é:!opin·~_sub-:rre.r~ u:ould h:rve .rllt "' 
1 

this result. 

Qualnattve cxaminauon of these hypoth~tica! results provides pr::rsuasrvt' evll'enu: 

th.n ,the settlernent pattern has htstorrcally responded to acce~s Js wc h.tve me.r~ur ,· 

ir. QuJntrtative verdicJtion anc! ca!1br.Hion 1~ dd1icult bcc.1use ot thc 1.1t '. . 1 

htstonca\ d.rta on Lmd use Jnd tr.rnsportataJn llt'tworks. An aucmpt is betng !11.1('•-· 
however, to me.1sure the e)..tent to wh•ch, nopuiJtJon growtl1 since J<J~O c.rn " 

expbrned by use of thc mude!. Tlr•s reqt'lr<'~ the JSsumptron rh.1t net .lC!IVll\ 

drmiues lrJve rema1nrc' f.trrly constant du11ng this penod. 

The u~e of cxtern.r 1, Jnr1epentknt estitmln uf .rctivHy density rs not s;ltisf.lct<JJv 
Eventual! y, the dete1 mrnat:on ot these clms tres muH.be mcorpnr.rtuJ wr1i1•r1 1<: 

model. 

The operaung and output flcxibt!ny of rhe model are a great advant::rge ,n 
research. Evalu.rtiflg the extent of vanation rn growth attnbut.rble to :Hidlt:rlll:r' 

var •. rbles or to drffnent statements of acces~ is an immedr.ne goal. In th1~ se•"r, 

the modtl c.1n he consrdered an experrmenr.1l technrque wh1ch wrll .1llow t'• 

urban g1owth process to be funhcr measured and, hoptfully, better undu~tof\cl 

CliiTilRIA POR MODEL 1 Th~ modcl ;hould he h.l\ed on a thc:o- rown plans Thrs operation Cdll he h,lll<iicd 
·" a prelrrnrnJry updJtrng (rr11ern.rl tll •l1c 
rnodd) of the l:rnd me ,rnd actrvlfy h.rse nr '' 
Ldll be done wahrn thc rnJtn fr.lnr<' uf ti,, 

rnudcl 

DEq<,N retrLJI ~r.l!~mtnt of rhe mechanr>nl\ of lJnd 
dndopment AIIho11gh H nc:ed no! >rrnul.rtc: 
111d1\ 1du.•' dt:ci>HJJr> '' rd11n thc l.rnd mar!..er, 
11 ,Jwuld grve ""ulrs wh1dr cor rt:>pnnd ro rhe 
rc.rl wur!d 

2. f11e nwdcl ;hould l>c: rncrcmental and 
recurm·e lde.rlly, tbta on ]J.r>t !JrHl "'e Jlld 
rr.lll>¡>ort.lfliJII >y;tems ;ho11ld loe u,eJ ro ~11nu­
l.1tc the prt" nt dc,clopment p.ruern Jf r1,, 

.alJdny 1.-. l.ILh.lllL: !!l( ILII!UI!'\ of growth \llotdt 1 

l>e !Jyrred <Jil rlre pre,ent >tructure 
1 The nrudel ;houl,l !re rcl.rtrvely simple 

A f¡¡utc nurrr!>er of l.,nd li>e5 311<1 a rnrnrmum 
nurnbtr of 'ul>-;et> uf holl>ehold; ;hnuld be 
rt'\J'""d tu mrn11n11e the drlhudtre' uf dat.t 
,ICt¡UI>It!Oil dlld hJIILfllng 

4 !Je.rlly, tire c.dcu l.!tllJO of aclivrty denmy 
shoulu be Lont.llnul w11hrn the modd Alter­
rlJtdy, the rnuuel sl¡ould readlly aLcept exog. 
cnou~ den\ltres. 

'i 1 hL nwdd ohuuld accept alterna uve 
me.r>urc' or rndrlL'S uf .reces~. -¡ hrs wndrtron 
provrde> the lit xrhr!rty r<'<]lllfCd tur srru.l!IOllS 
rn wl11ch one rnc 1\ure " ]J-trtrcul.rrly :tppro­
prl.llc toa g1\eu .H.liV!ly type w!tdc.. .1 dlfflrc:nc 
lllt".l~UIL CJÍ ,Jllt.~\ 1.) bc~l )Uitt"d (O utiJcr ;JC­

!1\'JlY 'YP'" 
6 ] !.e nwdd,,hmrJ,J be Jble to accept datJ 

frorn n.devdoprncJH, urlnn Illlf""'W,.d, or new-
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7 The mo<!·l ~:u•t.:::.l be c.rp.r!rlc of lw•n1: 
cal1hr.rtcd For t'Y,IIl"•J,•, rt should hL ~''""111, 
10 \l!llu'.lte p.l!tl f!rOv'r',r1, or at ltJ\t to Cl~ 11 H.!'t 

the lllt1dc:J p,lf.H1l. ~(.f', LISI!Ig t!Jt' p¡C~,cr!! o,(¡ Ul-

't! re 

H l'rnvr~ron for semrtiv1ty dnaly"' >lwuftl 
he consrdrred nr tire de"grr "[ tllL rnudei. lt 
"vn.rl to be .1l>le to ev:rlu.lte the dTcct ol rrnt! 
dr.rnges 10 a grven p.rrameter on ni! f.ltt'!' •·t 
•he allocatron pruduced by tire model 

, ; IJ The output of the modd ~ll<luld p~rn11t 
eüy Jnd rJpld comprehemron of rlluutrun 
re"Ilt,, W1Lh partrcul.1r emphasrs on .1 '"nple 
gr.rpl11c Jcocrrptrun of ~ettlunent p.1tter m 
'fhr> graphrc ourput 1> partrcul.rrly import.JIII 

for the cornprchemron and evJ!uatron "J .rllti­

IIJttve rnodcl rnpu!~ Tabular output~ wluLh 
'-In be u~t.dtn c:l 1dJrJllon, scnsllJvJty :ln.I 1}"'J", 

:un! .lllol.JliOn evalu.J[h>n are ,d\u .tn uh\'tuu" 
rrqu11en~e~nt 

IIJ Output from thc model should be dr 
rcLtly m.1blt: rn cxt>trng trJihc a"rgnr11t ,. 
~Huculurt'~ to OHOiflll/l thc ddltculty ~lflll rt111< 

! Ill\d\Vld 111 ..IfJld}Iilg tfu: rt,uft\ ,,f llu: op r. 

t 1011 "f tlre modd 
Al!' IUI 

,. 1 
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/Jvnu1d M Hd/ "a IlaO .,,rmbrr o/ 
•.Jf}i, h'csturt h Curpv,Uitun •n 

) Urt r¡fo Jt''llfiJt <nrrn:tfy US / 110J~CI 

,'Jut'tlu! uf TA'( jor IUTJJu/Iwg Ult'lCt'J 

/u Hrrrurvlrro.m 7 V!OnlO U!Jd 
l~t'gwn 1 rJ11fporta/IUn jtudy H~ ha.t 
'orJtn 1 11tc-d tu J J~C Jtudu·¡ 1n Buuon, 
li'-JJI.m 0 rv'l, and 1 dmunron Jlr holds 

11 ·~-~~) d"r'1 d~J:rl't' "J muthrm.JIICI 

uiJJ J.}•)Íit/ IJJJJ J 111oJJtrr's dt'~T('(' ltl 

Jf.JisJJ¡, J ftvnl thr l.'m1 ruity of 
foruu:._~ 

UrbJn :wd regwnal pl.mners are dc:veloprng ...;:..:;:.:..;:..=.""""' and systematic melhods 
for cv.du:l!rng thc funLI!unJl ellecliVCilns uf dcvefo >:Jin>l .1nd tr:llls 
J:Ufi.JIJ<,II f' ,111> ',.,, d fl',l/,[ [} [IC SY\lCI!l.lllC .l¡>jl!UIC 1 (() Jl .l!llll!lg, 111.tthtm.•'lé:ll 

rn• ":, :, .t/L r IJ'Idly g:J!Illllg m prum•nence .1~ h1ghly mdul l(x..Js of .1n:dys1> :1nd 

prt.l:cuon. TIIIS ~~ pJrtlcularly true m tr.msport.ll!On p!.tnnmg whcre thc arpl:c.l­
[1()" (1 1 m.HhcmJliLJ! moclels h.t~ g.11ned w1despread ,!Cceplance :1s .1 techn1que 
f(lr .ll!.dy7111g .111d pret11ct111g pcr,on movcrncnts or tr.lnic llows In :1 largc num­

btr ulurb.m arc.ts.' 
In relent ye.tr~. mrre:~sing attention has heen grven to develo¡11ng ~ystemati~ 

mtthoJs 111 ¡l¡e form of m.tthc:mJllcal modtls lo prccl1cl pattern~ oJ urb.1n am! 

n ~'un.d fl•J >til.l!ton rrn >10\Illt'lll .1nc1 rtlltnl v.1r t.ll,ln' Th" 1\'r>t ( l1.1~ !xcn 
unt ~rtJ ;en 111 pa11 lo .1V01d b.lSII'.(: ~opill~llc.llccl •r.:J:~c mcxlel~ on lll!lllt~ ot 
land use d:1ta wh1ch :1re produced l.1rgely hy trend-pro;cclt~n metho·'s nl(>t111ied, 
tf poss1blr, in accordance wah expccurwns that urb.tn dcveloprm:m 18 rnflut!!Cct1 

hy transport:Jtion and olher puh:1c poltc1es. Trend pro¡ections, rnod1fiecl ~ccorcl­
lflg lo expecled impJct of tiJn~por!.ll!On and othcr ··~1hhc pn•'L'< ··, :1re nol 
eJsily rrproducible e>.tept Gy d:t: s.tnte p!:wning teJm. 1'un:H.,, •he ,tclu,t! 
preparauon of lhe~e pro¡ectwns must span, mJny L.t 1c'llcllr months._Thc nh¡ert•vc 
uf :1 mathem:Hrcal mmld 1s lo foreca~t patterns of urlun or re~·lln.tl t:r:velop 
-;neni sy~teJ~l:lliL.t!'y .tnd enit~e·n~1y:--Thc ñtodc:!-(~l,Cilhed i~l -tln~ :llllcle L.lfl he 
· '_Jl~~.t·t~cl recl!r~:vc'y rn st:IIC~ wnh a lral1ic modc:l to pred1ct the <'evtluprr.t:~IH 
of a rL.:~Ic•'l .u·,: :'.s tr:•nic m r:!ther sh01t 5-to-10 year or lonr ]·) to 211 yc.tr 

time rntnv.1 1s. 

Wh1!e the potenrial usdulness of J bnd use mQ(lel is ev1dent, the <hni,u'ne~ 
of c!eveloping 1t are forrn1cl:tble. Sorne planners argue that reg10n~~ dc·;clopmnlt 

c.tnnot be p1 .:dicted mc.tnmgfully !1ecame t!1e proccss of c!eve!opmult : llt 1 dtlcs 

cert.Ím rna:or cleci~iom th.lt cannot be <letermlllc:d m acvance: for ex 11np!r:, 
deci~1om Jhuut the Iut .lt •on of rcgoon:t! ~hoppm¡; centers and govc111 menl lll­
st:ill.!lJons. Other; IT' Pllt:llll th:tt thc many sm:tll declslons whiCh In'luence re­

gionJ! cleve!oprnent-Jur examplt, f.tmtly clecis1uns on housdw!d loc.llto'l~-Jre 

not b.tscd erwrcly on r.ltlnnal conslcltr.l!wns.. .1\'everthcless, one rn:ty :1rgue tll.tt 
devdupmem studied ,11 a rcgton ti ~Lale .1ppeJrs lo demonstr..1te st.I1J't· rc!.lllolt· 

shtp~. Jllcl 1hat the num!H:r of ind1V1du.1l deuswm rnade dur1ng :i[.111e tn;cn'.1 1 

'(';'f)""ür 10 ye:us is brge enoug-h to p1ov1de a solid ba,is for st~ll>l•u 1 ::tllpr:tis 1' 

of d1e~e re!.tuonship~ .111d for tllélr mclu>lün in a rnathtmatíCal modc:l :e;·~¡, ,(11',,<--­

development. Only through !xtem1ve :!ppr.tisal and rrsting, of m::ttllrl!l:tiJC.t! 

moclcl~ C.lll we answer m.llly ofthe qunllons r:11~cd here. 

EncourJg•ng ev~tlence wh1ch clemonstrJtts lhat a land use model r.rn be 
devtloped 1s descnbed 1n the re:n:under of t!us :Jrticle. In May, llJ63, a pro¡::cr 
of l.tnd u~e mo,lc:l <levclopment w:H mni:ned on Sepa!f of the Boston Reg10n.d 
Pl.tnn1ng l'ro¡ect. Tl1e rnudel 1s to be med to develop ,t compre!lem1ve ,l,·vc'op.:;,_ 
ment p 1.tp for the Crotn Boston Reg10n, an'arc:a of .1pp1oXim.ttL1 , .. ·-~ 
1m.t ,, l¡, •t1>111g 3,-lllO,lJOU peor le m 152 cnie, and towns.• 

1 he es~cnce of thc model'~ cltvelopmc:m Js rhe S("lentd1c melhocl comprisu;~. 
tJl,tort;tiq 1 rp~on1n¡; and emp1nca! restmg. The rJtHm.t:e ol tllt' mo<!el i~ pre­
llll>trl IJI,1 l11e fu''•¡\\ :Jg "''S(·r, <(IU'I• 

· ( 1) _ ilf:u ~íhe~lo~t.:_:_on;i~eferences .of popul:tnon, em-r 1 <:>y_~en.s.._ 
ami otlJer.a<:t·Ívltl<:_~_._trt '-~~~~\y 'ntmc!Jred; ,. · 

(2\ 1!1.• 1 1he d, '' l•·:llnntt of land for v:~rious uses 1~ inlluencecj 
~~erous ex_o~t ~~¡u,;:JT~i~t:_~~ ---- --- --
¡\ nwdelln th1' L"'''t \t t' .1 m.ttllt•ll.<tlcal tcchnique c:1pable of predicttng: detailed 

subreg10n.tl development patterns o[ urb.tn acuvrues ba~ed on exisllng patterns 
of urb.m developmenl, on exlernJIJy forc:c.1~t rcg1onal growth, nnd on c:xogeuotl\ 

poky cons•dcr:lliOfls concerning tr.tns~lUrt.ttion, open sp.1ce, zon111g pul1c1c~. publt~ 
ut!ltt tn, .1nd reg10n.d ~rowth. 

1 he nt<,dd des, 1 dlt·d helow is ~Hnprehemive m that il loca tes all type~ of 
:JCIIVrtlo 111 .1 \llltlllt.tneou~ f.I;IIIClll. i"t'ltita, llte model can be .lppltul in .: 

i tlllt·l ecllf\1 l't lll.lllltLr to ¡>r cdtll dL vclopmenr in J step-w1se f.1shion o ver ~cvcr.d 
coP~erullvt 5 111 10-vc:Jr ullc:rvJb. Tllr> i~ 111 conlr.l~t w11h llltldels or ttcllluqun 
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Ni\"¡'LI(J: OF GROWTI' 

i\LLOCA'J JiJN .I.AODI.! 

wirich p¡o./u¡c ,t dircn iorec:.,• f!.r a t:ngct date 20 ot 30 yc01rs in the foltllrc 
wrth no 1111cr~·eninn h~t'C:::t~b. A fcJrcc<~st modcl whicl1 disrcu<trds th-:: itn h .:> 

rncdi.uriy .C!.~~~~ ni ckvdo~~·.Qi. n:~y pred1ct suddtrl and perh~r'' 
o,:dlating dr..ngcs 1'1 hnd li'C whic.h .\fe: rwt rcll..:lttJ in r-::al lrfe, "r rnay rtrd 
:o rc¡•roduce ó:r:21,;1n !in~ rrends uf :'l;!nricall c;r;(lds, or bmh. 

1 h:: funcrion of •!:e moJel is to d.,tt •hUle o. :•llocatc externally-su,'Jplred growdt 
forcc:tst~ of du: VJrJ(lUS activitic~ ::mwng tr-..: suhregions cornprisin¡_~ tht ~lt1rh 

reg wn. 
The •Jnr.~erlying cc!Icept of tite tnocle1 is that the Jevc:c:pment ¡x1~tcr n~ 

u;rm·,-:i'([~tles-~~~C:f:-c!"51ecEn ·;-;;y-;tcmariZ;;;-:;n!U:r\-1it::h •'r·Jv;-;1e\-a -re:i·,, ... · 

__ .a'i)re ) __ ú·~-for-_!1~~~-J--1.~2~-ad_r~?~~es~~-~.:....~r:i__n_:r_~;: __ t_:,·'~h~n~.·"·• ~~-
nrrcb.an..)o¡ for t'V.1lu:1:'n" 1he nrt•H of Hllert(:latrons 11ctw•:c;"l ;1ct:v!ttr.s~-~; ,,. 

""Znl; re~mc~~~;~-~~sy""";7~3;:i~c;;c~1tio~~hip~ mu•a •,, 
npres~ed so th:~t t'le)_nflL•Cr'CC\ of van:1bles (.lcllvrue:;) :1rr 2!2L:J.'.).:t'..;. Accf'rl1,qg)·1 , 

the rnocle! inl"orpt1r~~tc-s .1 .,~~r:...'.l1a Any ~J_corilh'!.l;.~~C.. cr ~f!,J~lt~r~­
tron or valr;1!J1cs rnay be ¡nr•cJ(:Ucl,l 10 dcscr,he the ur1Y'll :ll :, =tie\ •,!•m. :, (;'-----·-----· 
t1o11~! p.1 1.tt::-n wr \\'1511 !OJ:r~..:]l~'.!.~~~~~. 

To describe :he n1oíkl, ll ~~ co'lVt:llH.nt to dcAnr. a numher ~f :¡u1ntid::s ;., 
'ol,ows: 

The !rgim_1 is diviQ.ulmt·l a numb<:r of sma~: area~ calieJ~.!!!.f" 
•.?f;,7Dns (sre Figure 1). 
------·-U '!'?1e .purpose nf rhe n1orle! is to predict the :unot'IHS of scvrr,d 
ur!Jan ,'CliVÍti::~ in ea( h ~~r 1 Jreg=,..,n ,\t thc ene! of a g-iven furecnst rcriod. The,,. 
.:c:trvirrcs ;¡re ca!lt:d locat..-d r•art"/.1"'• si••nir"rr.~ th:Ít the taslc of the •n"(!c'l ís ,,, 
.._.....,._ ... ~- ~- • l_""l J ._ 

;:: 1 uc:~e )! ver, ceg¡o¡¡·Í! tot:· !:. ol ·: ···,e__y;l!_,ables~át-t~l;~-t'nfoL,,f-t-l-le---fc>r•·c:~st nerit:•t! 
to !he sul~rrginm coíT>pt r>l11g tht regit~n. . 

I; has bcr•1 f•>uru' rh.n the loe l!l'1n~ ancl if)tensi!Íet. of severa! 
urbJn :l':tÍVJtÍes ;1re rei;¡red lO dcv;Jof)~cnt r;7:7~-;r;;7';;--;·;~.7"~aría!rkS Í,l 
:t c.wsa! manncr. Th.:t rs, thc :pn:,cnce or abscnce--of t11csc aC'."Jitlcs in a 'itÓ-­

rep;inro, or the c,\S<' of ncccss to t'1em from a suhrcgion, m~y b~ s:r•ti to ír.r.~:_t; 
thc :l!nounts CJt (Jile nr n'ore lcl{'arrrl vnri:~hlcs rn e~ch subr.:~ion. T!1ue inf1ucncir;,• 
-~--r- ... --~---·----..._ ~o..:- ~--
~: ~· 1 r ·~~ _J fC.G~' !In~ !:~Y/fr;J:.r)_;_g;_,_-:::. ·:_}~JI.l 

:s-::c conu:¡.r of tl¡c: rwn]t; :n.•y he st •• red 3~ frJ!~ow~: 
The L:,;n¡oP in :h~ ~,.\,rr" n"::l ~r..,c of .1 loc:>tec' vanable in each <ubregif,n is 

- t D ~-=-~~";!':=;;;;:r::s..~~~~ f 
proportton ... ,l ro· ont>, !!)~ e~~ lll,l~c trl t 'l' \l!J·I~~~J_nn.l! ~:1.1¡, o .dl orh .. :r JCY.ate~ 

~~ ín tl•c suhrcgior>; t:uu, ·:1c ch.1nge--.-n t 11e ~u~_rr1:1on;¡: ~i·.:::.<:.¿L.L.~!X~!l!:"' 
oc icw_::,ltnr v~n:;1 1 ) 1 rc;; in the st'bre~ ion; :1nd tl:r-el', ~he v,1'l'c of the ~uhrev:(''l·'' 

~ n(~-~~cr v.w:''J1rs. ·!-'his conc.:pt is exorcss~t~ h,. ri1": follow1ng ~qu:l--
:on syst,~r n 

r!l 

, , N " 

t.R 1 =} a 11 L'lR 1 + )' b,,(L:, or llZ.) 
~- ,. • .,.¡ 
¡ : 1 \.. --1 -
'r, 

whtrt· 1 or J-= J, 2. z t,}':}. nvmbcr úf rhr- 1.!.!9.!.!:" \~rtah[s ( ,1 

tot.J! uf ~5..~!.:!l!.!lJl>). 

~=-=J. 2 •.• } ]'of numf'tr of thC" lm.J.tor v;:ut.al.,!('l 

~ ~1\, or • :-=. ~_J¡.J, r,t m t~e .J-.mo{ the uh or ;th lot.arcd '-'.lnahft" 
ovcr •he e t

1tbr 1 ron nr j~~~ ......,.._____ 
~~~ = le\C"I of Jr,qntJr v,•rt.lb!C' 1.. ar che ~( ~mnmg o( thc 

\.o 1 tltf,I\'Oi) '1( )IJ/t~ ¡,f /ttlh H\flt\,• 1 

D. l.=': rb.1n 1~c 1rr thl"' Jc.:..d~o( thc h.(h~Ht2.!!!~ o<JU 

1! L ... ddH.J l1)i1 ur (ore~.-.U[ {lniC ¡•)[tr~·.d 

a IJ. IJ, .. =.-; Lo-· t(¡liC~l!l , '<l•lCS.!.'fiK tia: 1nu·r r( 1 'l''·'h'llf•S Jnvm~ 
\.!(l.Jil'ts. •--....____...--

Thcrt '' nne ~pcl¡ Cl!ll~tiOrr fo¡ e.rch loc.llt>d v.1rr~ Thc '-' .. mi 11 co..:lti•.le;,¡, 
~~-----.cu.-~-~0: - ov-

are dctcrminCl1 hy ~.LI.:glLIW>n :1!~•iv~~nf tf¡e darJ frurr; two !'a'r 

po:nts JO, ~une (th.n "• thc m·'dd ;s cahbrJtcd on thc h.1"s o( :1 ¡>a<t per ... Jli of 

trn1c).' 
¡-\ftcr the ccx:(f.cient~ are deer m1~1cd the -::qu.tr.rons ,ne used to cstim:~:e futurc 

suhre¡'IOfi~l v;¡lucs oí e::>ch imated van .. hlt;.,hv sul,sr\luting in c:aci1 eoua'r()n ri1e 
--~--- + .. ----.........---... ----· • - • 

íl''rliPcnt v.d•1,c':. nl the lK..:tr.r y:•rJiii,J, ~ !'or ~h;rt subrcgion :~nd so!viny rhe et..k.:.:' 
r:on\ ~~~r"•ltJnc,,u¡\y ior ti"' ~~~g;;;f),rl ~lncHtJ v::rtai,lcs. To oht.•tn t.hc f,,~rc.'·~-;" 
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Jlrl' 



D~.VFLOI'MENT OF MUilEL 

m absolute values rathc:r than relative values, the subrc:gwnal sh;m:s at the end ot 
the forc:cJst mtervJl Jrc: nulupbed by the c:xternall forec1st con r li' re (or 

the totJ[ uf eJch locned varr.tb <: 111 t lL olUL )' reg10n. -
Development uf the moJel reqUired deta!lecJ analysrs of "cause-:mcl-eflect". rc:la­

uon~hrps between development p.llterrls of .tll l.md use categoncs, .t~ we!\ as 
cluatkd J¡t.tlyses of the tnde lL!lllcnce ,tnd tn•crdc Jendence of lcx:att.•rta 1 grollfl\111,!.4 

of urb.tn .lLtiVttles at the lli11rtgl()ll'l 'n•d. Four mc:thou; o >tudy werc f"' 1uwed\ 
tn order to achteve thc nccessar y under,ta nd 1 ;;g_y( urb:m· develú¡)men[-:-·-- ·--- · :· 

A g:J¡lhtc ao.U¡11~ ol ,1 l.~rge numl)er uf re~Jt!Onshrps between 

subregwnal rowth r.ltl\ of l'opu!.ttloll and ~ and a LH¡.:e numbn 
nf C.lll\.d (loc.11or var¡,,l,le, 11 11ch 11<"1<" 1 HJughllO be rmpurlant. 

An lllvesl!g.ttlon o! thc: dunges .tnd trLnds !ll pupul...a.Jn .l!1L1 

employmem rhat touk place dunng the 1950-60 clecatle. 
1\11 anJlySIS of popul,ttion and employmt'nt dat:1 (using ~­

.Q_nalysrs techniques) to determrnc: to what extent vnri.tb!es can lw ¡•r<•tq'· 
accord1ng to t!telr ndenc to loc:.lte m prox1m1t to OI!C J,w• 11Lr, or t" 
exhtb!l :tmdariues 111 the1r m .. llt"I'Cc O'l ~~_:_:._ of otl-¡u 

vana'Jles. 
¡------~- ·-- . ...__ Thi'.r.lev~\oplT!e~t)of muluple regress10n equall(JPS wll!Clt dclll­

úrl / J, Vl f onstrate the rda(I~Jml;;ps betW~t:;l gr~h J.•lC:S <J f'l•;'c 1!.lttdll ,11•· l Cll1['1oyrnellt 

t'tJ, Ovr-.hA( ancl a large numbt'r ot vanab!t:s th.tr !uve sigmfic:!nt c:ffects upon loc.ttwns (¡', 

''\. '¡- ., _popu'nt;un and emp'oyment. 
The find1ngs of t~1ese stud1~s prov1ded the jnsight necessary to formul.1te thL 

mude' for use as a prediction too!. 
T:•e equation sy~tcm (1) comprises one m.nhematical re!ation,hiP fnr eacb_ 

acT,\ 1ty_ (locatcd vJn:t~,Je) to he !ocJtcd. The p trucu~:tr set oL JLltl'tt es sdrcu! 

fur :cc!us10n 111 the model were: 

l. Whtte-colbr popul.nion (PW). This is the res:Jent popula­
tlon whrch partic1patc:s m the whne-<:ullar Llbor force ( workers and dcpen,!erlt~) .• 

2. lllue collar popu!.Juon (PB). This JS the residenr popu!Jtion 
which participJte~ in the blue-co:Ltr bbor force. 

3. Retail plus whob.tle employment (RW), covered by the 
MJss.tchusetts Divrs1on of Employment Security. 

4. Manufaetunng ernployment (M) covered by the Ma~~:~chu­

setts Dtvi~ion of Employment Secumy. 

5. Al! ot~er er,p!oyment (OE), includiug employmellt nl•t 

covered by Massachusetts Dtvrsion uf Lmpluyment Security. 

The bre:~kdown of popubt10n and c:rnployment 111to 2 Jncl 3 cntegories, respec­
ll\'ely, wa~ L tsécl on spdct.tl tnvcstig:ttlons usmg- component a;:tl ,,,~ rt:chnit ues." 

The find1ngs demonstrated th:lt two socio-econum!c e ::¡~~es o p(Jpulauun ,hownl 

dJStmct rc:s•denti.1l ,¡;rderences for c1Jffcrent subregions. The drvtswn of totnl 

employmcnt t,ul~~es srectJ! !ocal!onal preferences of firms includecl in each of 
the three c.ttegor,tes, whde at thc s:une tune allowing the three c:~tegories to sum 

tn tot:!l empluyn{ent. 
The equ:nion system (1) 1s a f1ex1ble formubtion which permits the inclusion 

of many d1f\L1 ent type' of ex(lgenous or loc.llor v:~n.tbles. This flexlbdity m acle 1t 

posstbk to c::~'·~H.tte ¡1-¡c; m()(!d wnl-¡ Órec d1!Terent sets of ~oc.1:(.r v:111ah!es: 

SET 1 

SET 11 

'ET 111 
' 

Inten~tues of land u'e (~'rnsttlü} 1 Zonmg prJcuces" 

s1bt!1t1e'' (wnlun the rq;1on) 

SJme as Set I plus '! r.1nm acce,stbdtl!es" 

Same as Set ll plus s¿u:t 1ny of wJter serví~ 10 

(i.'f\0~ ,¡ ~erVI~ 

Automuhtle ncce'--
Quality of sewa~e 

CAU!lRATION OF MODEL C.drbration tests were carriec1 out by applymg the moJel to forec.1st 1960 sub­

rc;;ton:~l Jevelopment from the ba>e infurmauon of 1Y50. The codlic1ents of --the et¡uauon sy,tc:m ( 1) wcre t'>t.lbltshed by me.ms of rn;r csswn :~n.tlysi~ wl1ic~ 

de:~! with simult.rl\eous e uauom. The ohJective of the .m.dysts ·w.t,\to determ111e 
:1 ~ct of coelliL'ettb t() en.tble t 1e m~dd tu reproduce thc 191!Ó devc:lopmen!._ 

jl:ltlern~ wnh 1Jlllll!11UTI1 ('rror. 
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IGL•Rh 1 Comr•III50tl uf Obs, wrd /YbiJ l'orulatJon f.•·rnls u•llh Thou l'udutt'd by tlu: 
\IPIRic /Aif//1 Usl' ,1/c-dt'/ (ArpllcatJon //) 

Tt-:E ~Uf STl/OV l'fi:GIO'.I 

'1 
1' 

': 
''' ¡ ¡ 

~ : : ; 
•! 11 

1 '' 

1! l 

' 1 ' ' 

The modcl was cal!bl Jtccl for e.1ch ot rhc thrce sets o{ k><:aror var ,,~b!c:s dt 
Ser UCd t:Jr!ter. ·¡he ({Jnc!!llO!IS Of the ca!:hrJ!IOn are clescniJc(l hdnw for thc 
stu>nd sct uf loe ltor v:m.llJlc.s (rdu red toas Appl~< :~uon ll): 

(1) The reg:(~IS d!vidti,_llltO 2lJ subregiom a~ ~hown in Ftgurc !. A 
lí)rt~c ~hait of the pu¡•tdauon ,,,J cmployment were containcd u. :he c.:nu.-1 
l:o\tiHI ,,re:::;- ni J'J~(l :~nd lWil (~tJi,rr·gwm 1, 2, aml7) 

(2) 1 he .t::~e d.11r for J'f01t'CtJIIg
1 
19ú0 land u<es WJS 19'50. Snbrq,:ro•Iai :bta 

for popula11o11 ·'~f¡';f'J950 wcrc mcd with thc fc,Jiuwin¡; ir·put 
v:.ri.rhlc:. to !'redJn 1'11/' ;uhrcgron,•l v:•\rco; o~ poprrlflllull .111:1 ernplnymenr 

''" 

1111! 



(2.1) 1950 dens1ties of two dass~ of -populatw':l -and three cbsses of --- --~~-
(21) Zonmg practtces dunng ]9')0 to J%0. . 
(2J) Changes tn th; .b¿g.b.w ·y tr.w•porrot!Qfl system between 1950 :.md 

1960. 
(2 4) Changes 10 the mass transportatiOn system between 1950 and 

1960. 
(3) The located variables were the two classes of popularion (white<ollar 

.1nd b!ue;:o!lar popular ion) and three cl,,sses of employrnent: rnanu(anunng, 
re!.lil plu~ whole~ale, and al' othrr employmttlt. Thrse c!Jsses of popu!ation JnJ 
em:,lo\ ment were tllen aggreg:ned 10 lorm ·rhe Jc1<';uon::!l out put v:mah'es · 

to• . .lJ'"l'lll.IIIOil :1nd wr.d emplnymr"t . 
F1gure 1 presents the ohse¡ved ¡¡JH1 prcllectt>d l<J.IJO _sulncg•unJI v.1luo uf ¡.Ju¡>u 1J­

tion. The accurJcy wlt!-J whJCh ¡_1-¡e mude! ;.imul.ncJ subregiona! <1cve'"l':nent 
m the Boston Regton 111 the decJc'e l\151) to 19(.0 is shown by the c:oóc cor­
rcspoudc.:nce of the suhregion.1l popubti,on presenteJ fpr e.teh"suóregwn tn Ftgure 
l. S1mtlar resu!ts were obtatned w•th employme.nt. TJ1e mcx!c:l w:1~ a'1le tu 

forec..1st both grO\Hh and Jecltne .rhroughout the -rcgton, including the ~oss u1 :1!1-
1 proxim:Jtely 100,000 people and 30,000 Juh~ in the CJty of lloston. Accordmg!y, thc 

modcl :1ppears to deal satis,factonly Wllh both situ:Jtions of declme in the o!t'u 
citics :1nd of grow~tn th~ mw subt•rh:m ciues JnJ towns." -- , 

Three numrri_c:íl m91ces were calcubte.J to rneasure the agg-regate corre~;¡:,nd­
~ att:Hned i!';ct\·.:,cén observed and predicted l'JGO subreg•on . .l v.,lt•t·s:-"'•~ 
t11U11:es surprn:11~7-e the :1ccuract ob1ained ovcr al! suhregwn~, :1nd rc~ult Jil .1 

single accÚracy meas u re fur ran jl~ltPUt varr.lhle. The tndices usecl are t he 1~oor 
Mt:•n ,Squa;e Error (IZMS), the -]{MS Error R:llio, ami thc CoefTic,mt ol 

Detc:rmin1aion (R").'" The ,sumr.1ary rnc.1sure~ calcu!.ued using the ~t·b•<gi0P •' 

vJ!ues p-resemed in Figure 1 and ot ~crs Jrc Cllllt:nneci in Table !. 
The' res.ults of thc caJ,bration demonstratt tlJJt the test modcl expl.1ins a l¡i~l, 

pe¡;centJge of the ch~11ge throug)lOut the 1950--60 dec:~de in the Grc.\ter ]1 .. .,., dl 

!{égion. The low )Cv!j. errors illustratc the E!l·t!l chance of makmg_ ern~02L.!.'. 
~l.lllning deciswns on the basis of a pred1Ltion usmg the moJe'. An n .. lfll!'''-" , 
l l:tt :1n error .of 3,000 res1dcnt popul:ttion is approximatcly equivalent to 1 n~ 
than 1>00 per,son-trips during a peak rush hour. Thc::se 600 persun trips cou~cl l>c 
..Jcc.ommod;ued e;~sily by one lane uf a minar co!lector ctty street. 

The ~esults of cJ!,br:nions with the two addltional sets of locator v;u iahles 
(Applic,tions I and 111) il!ustrJte the efTcct upon the modcl's forcc.lst aLLttt •cv 

o.f c;fcre:•si}lg.!!r incre;mn¡• the ppmlJer :>ru,l types o( '.!!.Put vanab!n_:, Th~ L""'·'r­
tlu;ls undc:r which the two adJ•t:o!J.d ,¡ppltc.t'.'OIJS were n>:i'Jt are t~c ~.11nc 

~s those given for the previou~ Appl~<:ation II, except for mnnbers and ty¡Ks 
uf inrut v:1riaJ¡!les. 

As descnbbd previously, Mode! Applicarion I deletes transit áccessibilll!cs as 
input VJrtables from those used with Mocle! ApplicJtion JI, wht!e Mot!l-! Ap-

TABLE ) 

Model RMS Enor RMS E1ror 
A pplrcat10n Output Varzable '(pt'aple or ¡obs) RatiO R• 

------
Total Popu!alton 3439 0.03 0.99 

Whlle collar 3031 o 06 o 99 
JJ/ue collar llií\6 o 03 ()<¡') 

11 Total F.mplo)'ment 1512 o 03 0.'19 
Rt'tad & wlwlt'sr:Jle 564 OOó o 99 

Manufac/IIYIIIfi 1128 O.OK o 'Jl) 

Othcr 955 o 05 (I'J'J 

l'opulatiOTl 7H25 o 07 o 'J) 

Empfoyn11:1lt 3631 O Oll O SoY 
------------ - -----~----------

111 
l'opulattuTl !2'í9 001 (1~ 

l:'m¡d'') r11enl 1306 o()~ OY 1 

------------
nG 

AIP 



pl•cation Ill ndds warer snpp:y and sew. :~'- d;sposal servJCcs as 1npu1 variables H•ll 

to thnse t•sed in Modcl Application H. "l :,e cffect of thrs dccrease ;tncl mercase 
in the number of input v:ui.lblcs is rdlected ln the thrce summ:~ry measures of 
ihc accur:tcy of 1960 subregron:tl valucs prcdicted ·Nith MO<lcl Applicatíons I ar.d 
1II (See Tab!c 1). The resulrs show that when mcrc.1~ed inform:ltron is avadable 
on trJnsport:.tion systems and other planncd v;;:¡;;¡Jics, prcorcti~ are more 
,:lccurats;.. It wuuld appear that 'the more comprehemrvcly we are :•ble to plnn 111~ 
_.1{fv:1_w;.e the VJrious modes of trampnrt;~tinn and other ~ meamre~ the more 
:tccur.nely we w·Jl be abie to predict the futü're locations of urb:1n activit~c~. -------- ......_. ·-

VALIDATI::>N OP MODF.L St:ver.J 1 ~ere conductcc lo va~1re t~!~as a ~~~-!_fQlli.~~'..'?!:. Ünl" 
test lllvo'vcd mve~11g:Hing the t,:'kL.L..otl.-.ÍOLt.G\.SL,l.D;.U!...J.4_,_cl_.x,:_u·.!.!;g_!.h,. 'e~.':: 
of rl1e ll!.~al_fureca~ pe11~ Othcr te~ts mvc,\ved me;rsurin~ the q·mitiV•lY 
of !:')od¿:i~~t__-~ tu the ltngths o[ furure forec~r_ÍS'.<:l.t .md •.l-,e s¡z,· 
::liht.D1ill2~!~hregJOns; ---

V·I'Ecr o .. V'>lt\'ING TIIE Each application of tht model was ter.!ed wirh data for the fivc-year penod, 
•·''iTURICAL HJH~ C.\~T I'EJ\IOD 1950-!llSS. The va!u~s <•f the loc.1tor variables were calcu!atcd for 1950 [1nd all 

highway, trans1t, water, scwagt, and :.>ontng changcs for the pc!!~l !950-5'5 
W!'r<" ,\ccountd fm hy the :tppro¡mate loc:!tor vari1blcs. The 1955 popu1at1on :me! 
c::rnpluyment, hy c:Hegory, ·.~ere fNec:m from thc 19'50 b.1se, using the model 
J¡)p!lc •• tions c.r,l,;Jratec for the !950-fiO pcnod, as drscrihed above. 

hi·FF.CT or VARYJN<; 

1.1:•:,,, • 0'" FORFCHT 

l'fR!ODS 

T!1e resultmg H\·!S Error~, RMS Error Ratros, anJ Codficients of Determin,l­
tin!l ,1rr shown in Ta!Jle 2. A comparison of these summary mea~ure~ with 

, the rm .• surcs of T,1ble 1 indicates that the m<Kfcl Jorec:ms for the 1950-55 
per:od with simiLtr accuracy as fur the 19'50-60 peri<KI. Tl,e results of /\pplica­
rion I for t!1c 195'!-55 periO<I are more ac.curate tb:tn for 19'50-f/J; rhe re~u!ts of 
,\ pp\ic.tunns 1l :Jilll I'! , ;~re ••nt :1~ atc.ur;~te ~for 19'5~1955 ;¡s t~1ey :>re for 
l 1l'i0-l%0. 

\Virl, ;¡r¡y forc:cast moJel, errors generally increasc JS the length of the prechcNm 
penocl innea~cs. The further mto the future one tries 10 forecast, t'"'e greater are 
tl1e p•ellJrted subregtonal growths (or derlines) as a percent:~ge of the urigin.1l 
~u!)rc'g;ona! awvny lcvels. Hence, even if the percentage errors in the proi~ctecl 

1 
~l''Jrcp,ro'l:~l growth remained constant¡ the percentJge errors in the projectecl 
~u'rc-[!!011:1! va!ue~ would in ere:~ se. ' 

::'l-11• ee s;:~g 1 e projections were maqe witl, model Appliéation I: from 1960 tn 
J'l",'n, !CJ60 to l9q0, ;~nd ]960 to 2090. The popul:nion result~ for selecred su!~­

'~".P,Ylm are i~!ustr.ited in F1gure l?. In addaion to the smg!e ( non-recursive) 
te,•< recursrve ten-ye:rr projectiOIJS were conducted with Appl•cation T. In recur­
~.\e fore.::~~ts, the model !S np,plied sequenti:1~ly for rebtive!y short fnrcca-.•s, 
w:t 11 the results of each forec;ast serving as a base for the succeeding force;¡,¡ 
At the end of each ten-y~nr' proiection periocl, new accessJbi~~~ ancl densJtJcs 
wcre ca lcu!ated, basetl on ,the · same l'JiíO transport.llion nepvork, but u7mg q1o:: 

TABLE 2 Summory Mf'asurt:s forAl! Mot!t'l Appf,cut:ons o/195(}..55 Foucost 

-- ---- -------- ------ -~-- --------
Modd RMS F.nor 

Apphcat1011 Ptttpul Vunablc RMS _Enor RatiO R' 
/ 

Total l'oflllallon 2243 002 1!99 
IV lutr rollu1 

Not ,t\'ali;~hlc--not crnsu• yur 
IJ/¡¡e collar 

11 Total !'mplu)'fll(fl/ ~ 17i OOH (Í lj9 

Rrt<Jd & u•iiOinalr' 1>49 0.07 o '.i9 
Manufart11nng 2~7R o lll o 1)~ 

Otha ll2X (ll)(, () 'fJ 
.:;:_--::=-= ;;=-::::: ~ 

Tor,¡/ Popu/at10n l425 o ll.l (1 './') 

Total Emrlop11cnt ~134 O OH 1} 9'1 ________ , _, ________ - -----------
Total !'opttli111on 2297 O Ol f)')') 

,ifl Total H.mploymml 31.?0 íl.(17 ,, <]<) 

"7 
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newly pred1cted subreg10nal acttvtty levels. (Information on future transportatwr. 
· nn works wa~ not .JV::lll.Jble for tlllS test.) The findmgs are prc:oented m Figure 2, 
~demonstr.lte .1 curvdtne.tr trend. 

ro¡c:ctwns are expecrc:d to predict subregional growth and declines -----....... :.:..,.._:____ 
mor0tccur.Jte:v t 1.1'1 :1 stng'c: toreLasr. Recurstve forc:casts are more semtuve '" 
- ;_¡a q¡ADI ~~~~ 

c..l:!.:!.ngcs_;;l ~~~~.:~.:!.!:~:''2''-~~~-'22!!"!}.:..:.:_1.!_:~':_~~~?..'.!2.lJ..-<.:'"~.·u.! ... ~<..n~W<,;>, wh1L'1 
~crvc .IS.,.tiu¡..-ctWII 'llfllll> mure lru¡ut·ndy. Accordwgiy, l~e JJvcrgeiii.c oJ: recursiVé 
pro1ecuum lrum .1 l1J1t.lf treno prob.tb!y ¡¡;llo rs fmure dey¡;!o¡.¡mc:nt..,ratc;s...wru;k. 

Josclv, ,tnd may be: expecred to exlllbtt a gener.dly lower fPr<~<;r~!J¡; th.111 

s111glc: non-rrcurs1vc proJections. 
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SIZE A¡,.!) I'<UMI!ER OF 

SUfll\ECIOJio:S 

"(·.:,• • .r 1
\ au Dnr. rJ,l' J."~ (O~ITJ~ of 

r tJ: • ••• , ..... ! l'r.-r l¡J(JUfl olthl 
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In 3n anempl :o mc~.sute the mor.lc:]\ JCt:uracy with an ln.:leJse 1n the ,,,,m!Ja 
of subreg:orts .:11d a comequenr ~!('crc,¡·;c 1'1 su!•rcg,on ~1ze, rnn.·lei Apuh.-al!<·n 
111 was cai::H.nc,l wnh dat,l hr the ~ ~3 c1t:c·s :wd tnwm in the ~·udy reg1nn. !r: 
:.cldH•on, thc modcl w.1s :~oJ.b, ate,! wnh d.ua for rhc 1?3 ciw:s and w·vr!s, lll•t wirh 
rhe Cny o! Jkston d.vidrd mw 12 sulm:g10m t(· give a total of 134 ~L~brcgiom. 

J'Jblc 3 prc~cnt~ value~ uf l{MS Errnrs trd l{MS Ern.rr R,u1os fur totai ¡x,r¡!J,,. 
t1u11 :1r>d tn~ ,) .cmp!oyme•,r. T!.c R:V!S En u!; .1ppe.11 to n:crose hr;th al;solur.:!y 
;n:d rc:au vcly as ~~• hrcgu:>n~ beco me •.m.: 1 !e c. A lm, wirh t he /more un 1 fr,rm th ··· 
t.-,but•L'Il o• subrc,~;:otlal activJtJes :11 llu:: l:t~e o[ thc 134-~ubregJOn sy>lero¡, thc 
fn:erast accur;•C', JS g~c:ltcr rhall thr 123-town test. How~ver, •t rern.un~ !e·1 
.Kcur2'< 1 !..111 thc· 2':1-su~Jreg>nn ttltS. 

1 he Jccrc.t"n!! ncctnacv of tlw mude' wnh thc: !ncreased nllrJ'ber of SllbreglC'IIS 
mu:t~ :r ... ~~-~-:;;;;r,--;--t,¡¡;(;l;:;;;-,r ~'wuld b~"""i'~w-liC- ,, t ni lrK<ltoJr 

v;¡ri;ó~cs w.1s not ,oltcrcd •n .IC,Cdl(l:nJCe wnl¡ thc srn<1~lcr subrLgiorn! s;zc, 
.·1: 1wt·~h rhc \'a!ues wr:re calcul.l!ed for the sroalkr subrepic.m. l: •; ~ll l¡c 
t'\j".Cctd d1 1 l i1fW ~C!S of V:t11,1h!e~ WhJlh renect iocattOn:!J c}rUS\iJilS On d iill<'¡ 

::rc.Jl L:.~·> woolu reduce Íoreca>: errurs wnh ~ets of sm;:d.kr subregions. Cle;:¡r!v, 
mmt ~e~ts WJ~I be reqlllrccl w•th new v:.r!nb!c sers r.n exp~:nn arlequate!y the 
crrcCis ou n~ode' ft•r.:c.Jst ;:¡c:ur,1cy o! Jllcrea~es in thc numiJer of subre)!ion~ 

Th-.: re~earó,_dcve~oyme-l!t, c~libr,Itro~nJ test worl: has been succcsdul Jnd 
the n~el is pr:ocuc:d .1nd oper.ltru•J.d. The test modd has ac!ueved a kvcl of 
.lcr<•racy t 11:1t cnrnpares favor.JI.!y wnh the ..::_~sx,. obt:uu¡¡t.le frcrn rhe besr ni 
rresent-day trafTíc forccasttng moJel~. 

Rc~ults so f:u suggesr thJt the rnodel m.•y _;:na 11!e doe _\2.1~.:!~'.:!..~~'.!:...\~ 
ch.tin o' C\'tnls in ll'h;~n deve!Pnment st:lrt'l!li_'~V-~~...!~.:.I!.!~,¡}~~:s_t·.~.~l!.~uu 1 Jt5 
L')'it~c~1 (~llLl;-:s the t1:~t~J..:~'~~1~~tt:nl :1nd 7(,P1ng regul:lt'nn..,) .1nc! c-~;H~ 
\"Viri~1 efr.c•rrn ,• nd e: e~:"' h1c 11.1 "en ;·;;r;esidcríl:,:r;;¡i(!i';";tfustr::ii devef,';j;';;'~ . 

..... ~t!#V -~ .. J>.ol~---..a 

\\'orl. '' uJI'l!lll'lllg Olo •he dcvclopment and appl,cnr•on of l:mcl :>~e prc,ltCtiOII 
Jnl)('c 1s hy Tr;~fTic Hcsearrh Corpor.1'1on on bchalf of d•e BostoJ; Rcgwru! Planning 
PrnJC:CL ¡\ fuliY, Jcvc!oped rnodc! ·~ to be used !Jy rhe Pb'l'ltng Pw¡cct m con­
junctron wirh trawl forcc:ISl:ng tcchn•ques ro evalu:He sevcr:.Jl 8ltt:rn8tJvc dc~•gn 
po!tcies o~ u Jnsport:~tron ~y~tem:. in funm: years for the Boston IttgJOn. Tlm 
mc)('el wiJI permír forecasts to be rnadc for larger uumber~ of :Jcllvi~ícs (lO and 
mcrrl and for 600 subregJOn~. 

N01 ns ! w l. Mutz, k~N(U' u~d ¡.;,.JICJufiOfl of S t.. !IOJI of U h. Hr~wrul s~. 'f"fi~C \ .. \U~o.t . .Htufl, 

Elr,rronrc CvmptlfN" Tri.Jtfc AJngnndr.t rro 
grJtiJS, 1 f&J!I 1 WJJ' }tr:..c"~rt:h l'oJrd Hullt"Uil ~n 2()7 
(l<i'·l), 11 V M.trlln, F IV M'""""lt, A J 
llonc. 11TJ'Ul¡' 11t"J ~Jr/t/ r:rhmquo for ¡•,rJ,j-(lni? 
Fttlllrr 1 l~mi.lnd •Jor u,J•arr .lrr-a ., T¡JI/Jr~·r•aflon 
(C.Jmhnll,,t \'fJ .... Jchu')ert~ Jn .. n•utr uf ILthnnl 
o.,:-\, Drp.!rlf-Wnt of Ct•,d [nglflurua:. Hcv:.lrl 1

, 

}<rporl i'- 11• 'j~. l9b 1) 
.!.! Rcnr-ll' o/ } . .li.JIJng 1..orr~ Uu rorrca¡/u:p 

Trrhn(''UJ, prt PJfC'd Lly Tl;j n,~,. RncJII:h COl pnc J 

llim fcir tht" ll.lSLI n Rt~Jt·n Il P!JJHllfH{ l'rn)cct 
{Juiy, !96ll 

1 H S [bl:l'l. -1}.,' f! ! l.m!:n, N A Jr-.·"ln, 
K "1 l D~tter. · Pi~11.1,nr, .1\prhcauoc.~ of .1 Su,¡¡,; •­
,ríon ~kw..l~l," Paner prr~c.ntc:d lo thL t.J'cw Etl\'IJ""''I 

o~ . .rnt)( ( 1 l'l(d 
4 A dr ~nrnwn r,{ r,zrnult 11 r-ous rcgrn~wn 

Jn,¡\ysts f,.r ~.) ~ttlllS of l1near cqu.Jt~nn-s l'i prc~rwt"d 
m John ¡, ... 110\ron, i (unomr:nc ,\fr-:l•oJr (".!, w 

Ynrk -McCr,l\1 1 lo JI, 1 %3) 1 oo '"' ptHpn,.:: ol 
th'= pzfor \tlldi~~ reporrcd- hc•r_. d,c :!1) \IC"rn ot 
\IIH•I'L.1ncous r-quJ'u:n~ curnpf'~l'Jg d1e nl!:w:I,.J -W3~ 
J!IHIIIlcd lo he Jd ... ntlliuJ e ( lU:\ '\rc•Jrt1,ngl\', 
th: rrgrc;,SJOO rcchnl,IUC uf lNI!'Cti:" k,i5f S(jll,IJn 

\\ ~~ .Jfli•l!cd fn pro...fu(fJOil rnu,~c:s !n (it" dcvcJOf'<. 1 \ 

suh-;cqu~nrlv, rl·r .h•umpnc., of t"~Jrt ·dcnuf1c; 
uon wdl hC"" rc!.n:ec! Corncqu~:HI)', o~ha ~-.Om.J 
t10:1 meth,(J<fs w:ll t~ app!trd twn-sLlg"" k.1'•' 
"<ltt:lrto;, ,m11tcd •ntorni,Jt'l111 s1n¡:::e rc;uadc.ll 

mrrhn(l, or smwluncot1s Ir lSf \flu;Pu 

lloli 



S \\'tutc-<.oiiJr !Jl...Jr (orcr mcludcJ profc)· 
,auno~!, h .. damcJ!, lll.lll.J¡.::crul, dcnul, ~wtl ) .. de~ 
wurJ..c.n Blu, -'-oi!Jr !Jl:AH force 1nc!udn1 crJfh· 
m~n. fort'lllt".l, uJ)(:f3U\es, ~rv1cc workers, l;~­
bcHc;CS., .arH~ occupatwn not rc:ported. 

lb Ct...mponcnt ;~n;¡h )!) 1) Jt")o(..IIbcd 10 1 hrt) 1--1 
Ha.man, lfod<r" F"ctor Anul)'IIl (ChiCa¡¡o Um· 
'cr'll) o( Clllc~¡:o l'rcl'· 1960) 

7 fhc tkn)'t) uf Jl.li\lli~ 1n Uu) ln)Wncc: J) 

c.,;¡l~,..ubtul b .. Ju admg lhc appropn.J.tr subrcg-aon.JI 
¡¡.lJ\U) Jc\rJs '.l-.i't. ,'J tc,.:H1nJf C' 1ÍCI.tl\C' II(J 1 
ll tt '"· 1 lt JfrJ )Ull.,~~~ f01 dndtlp11Hilt b\ lh~ 
ul thc 1o<.Jtn! '.Jt'j"'";'1ii~\ 1 hr ;~rC"J) sctrctr:-.1 
cumpn~ÍU.t 'lnt' 111 uo;,c 1n 1 tlóQ fur fC')'dt"ncr, 
~.omrncr~r. 'li.JO•.dJt..tunnl!, and '14ho 1 C"~l¡n¡.:, I'Ju, 
th( J¡.,:rh.ul,ur.tl or \JlJIH IJih.l \l.h,~h \\JS rlffHr 

!)llltJb1t /nr t..h.\t"lopnltlll (h.,vHI,..; 1n.) th.Jn IS 
pcri..rnt !~lupc ,;¡nd nc•l )\VJI!ip)) or \\ha~h W.J' 

undcr dr\ { 1 •• pmcnt fur , olllliiCidJI or 1111lu~rr• al 
u~) rn J'.J(¡U U.U..J J\.i.iiJbalu~ \\J) a pruuc l.h.hJI 

1n rhr \clr~t•on uf th1~ '-ltt,rutlun of cHncnc ;uc.& 

8 Lonutg pnCOln '"C"fC' mr.u.urnl 11\ ter m!) uf 
thc r'lc:Ldcn)nrn .u wiu. h t~lupmcnr c:xrurc~l 
dunn~ thc cJIJbr:ltlon p<r1ud {f<:rltr--t-'160) 

9 McJ!)UfC"Illeflt or a !)Ubrcgaon'.!. .an.n~lluhty to 

.1 gnrn urb.Jn aCtt\'I[Y u fmmu!Jicd ~s thc tum 
~~r1C"S m JI! ~uhrq:•onS.JlUJ.l~ 
.v'\rJ;..c ÍL•Ll,:¡_''.:.!..!l.of~c ''.J\d 'IIIH"!) SCPII lt'fl(• 1~ 
~ ft'•t,.:.!.!..'~..!.·~~f,,,,nu!Jt•va.; /!-.'7·~-

, urc..mcnr uf .,.l.ln~r~JI 1t)"' \\ J!l. SlflliiJr ro ti} e- prn­
colurc oU!:lnld h) \\ Jltcr G. H.1.ns-cn 1n 1 "li••W 

Accn!)lln'H) \1!..1¡~ LwJ U.!.c:." /ourn.JI of rhr 
.-lnu•r,,an ¡,,,,/IIU uf 1'/ll,,.rrt. X\.Y {MJ}', 
1'159), 73-76 

IUTf.c 1950 and 1960 raungs of flU~I•ty of 
w.HC'r .!.UPJll) ..~nd of $('\VJ¡..!e dr.!.po.!).JI ~rv1cc- W('rc 
UJ'-C"t..i Ull thc: ft,Jiowln\! !)I..Jl.- ' 

M~lropoiJt.m Dts-tr•d ÜJIIHIII~.,,on 

(MDC) •Y•tcm 
1 5 ~'.uu.1l MDC S)>ttm 
2 : 'iupplietl b) cornmunlt)' 
3

1 
No! publicl) suppl1ctl 

Whcn a c,.,mbulatton of thc a hu\ t four pu.S.:!i.llulauc~ 
()lCUrrt'tl for "'" .. !1Ubrcg10n, mtcrmechatr vJiun 10 

thc: J. l,f>, 2, or .3 r.umg- wert CJkuiJtl.'11, wca~lucd 
b) zun?l JH"J) 

ll Tht::.. hndmg contrasls wtth t.he assumpt10n 
apph,nl m JcvcllliHng J mJth~IHJtiC 1! moJe! f.¡¡ 

t.hc- Salnmo~c Rc:gron .. rhc conltXb ur rhc llltM.lc.-1 
pr9'(')S tn rhc u·ntcr uf thc C1t) of HaltunniC' .intl 

dy- rol uf d1t rC'g10n .lrt' .J!I'UIIHd lcl he dL 1futlll 
•f'd Jf<. tlt!llriiHd h) .)tjiU.ItC lll•M. 1t!.," St'"t J l{ 

J-l~!)hlllJ0111, 'A Mo,ltl f,•r t~l'- 1 h~tralnHiun uf 
llthJn t\dl\ lliCS h.HIIIUI..illttll, 1 \JIU.JIHIO 3lltl 

Rd"rnllll.ll~o,n, Paptr prt )t111C"d .11 tht ')("!lliOH 
on \1u·dt'" c•f 1 and L'"' )), \tlto!•Jtunr III,IIIU!t' 

J.,r l d 111 ~lu.litll, UHI\tr.~¡t\ ·•' 1
'trlll )

1

\ 111, 
Octohn, ~ <>f·-l 

l:i! Root ~con Squart- Frror u a summary 
nac: . .&:ol..ft \\hlt..'t cxprc)::.CS the dcv13IIOU frum cur­
rt'IIJ"llld!nn ob!lcnt..'tl vJiuc::r. of dH' prC'diCtctl valu~,.., 
produtcd for c.JCh loc...ated \'Jfl.l~lC' StJlhfi'-J

1 

thc-ury 111Jic.aícs th..1l" !or .tbuut (17 pcrcenr of ' 1 

'ub1cgaons, tllc oh)t:PJcd \..iluc wd: lltl( d11fc• Jr11111 

thc prn.l1dcJ VJiuc by n~arc- than 11lus or nHnlt' 

thc HM~ 1 rror. Thc RMS '-""' RJtw " tl1r 
nuo of thc R.~fS Error, Ccfinc-l! ahovc:, h• l

1
,c:" 

oHithmrliC .1\'~fiJ;t of dl¡;: oh)Cf\l,J a1.ltvHy \,di!, "lo 

Cuc .. 'liu('nr of Dcrermm;¡t•on (H.") u. a l11"d 
surn,n.ary lllt"J)ure for c.1ch lcK.ac:,l \ ... n .. b!e "''1 •. 11 
rc:pr~~nt-. thc propoiiJOII of r11C" )Ullt ot !tqU He•' 

dC'VIJlJOn\ uf thc u~ ... ervc~~ -'>ublc,._:Jon.d lni..,ll ,• 
vJrrJb!c: !e\ c'5 fro10 thc m.cJn !)\lb, q!,•onJI \n·l t, 
1ho1 "<xpiJulcd by thc modcl 

F. Stuart Chapin, Jr 

Thu arlicle II the outgrowth of a long prr10d of o:per~mrntat10n wtth models 
of ruidu11ial and other devdopmt:nt wl11ch focus 011 the 'ind~t~tdrwl dension-mul(t:h­
tht: householder in >t:arch of a homt:, pnd tht: burltfer attemptmg 10 cater lo hrs 

desires. The jirst part of 1he papt:r d;~cnbes the }1Jeans by wl11ch this proass 's 
Stmulated m a comptller. Later patts of /he paper indtcale howthis view of conwmer 
behatnor has led TJalurally into a con¡tderation of houuho/ds' activity patterrJs and 
mto research on these paturm. In roncluston the author mdicates by impltcatwn 
that 1he tntegraflon of these two apfroache; may lead m the dtrection of measure-, 
ments of acumbtf,ly and of takrn¡/ acco11nt of the compt:titton for destraMe Sttt:s,, 
of consequ<'nl mcreuses rn the mtt'1¡"nty of uttf,zatlon, and of the rents of these sut:s 
Thus thts arttcle, m con,unctwn tvllh othas, rllustr-aus a rt:markable con11ergenu 
bt:IWet:n research startmg al 1hr Íevel of indi11idual deciston un/ts and commg to 
consider the larger frametvork, and research stnrlmg /1om gross changt:s m the 
me1ropol11an configur.:Jt¡on a11d commg to gi11e increasmg constderatwn lo the actual 
decrswn process. 

B. H. 

To develop an ,eperationnl model of the residential development process poses 
sorne complex problems. This is due m pan to the variety of ag-ents involvn1 

1 
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A Gene1·ai Planning Modcl * 

A general ecorwmetri'l model i0r tJ!locution of a 3C:t of activities toa. seL of S!Juec>J 
is proposed. The act.ivii.iPs ma.y vary in t.ype aad in mag;nitude A;, and tlw zones 111:t'' 

v;uy in,;;hape aud i('Cil.LlOilLWd 1n cn¡Mcity Z, rmd m~y bP- filled with a s;ngle 1~:;~.;··ity, 
a l!lix of acLiv1ties or only l'"rtml.l,v fiiled. Tbe fJbjecti ve ftmct10n ¡c_ay It1Clude th<' 

benefits and co::;ts of est::tL;i.~hmg and openttiil¡..?; tw ~tet' vity i in n sp,we j, UIJ(i )H' 
bf~nef1ts ~l!ld el•Sts of illter,ldion.':l between actJvtties a!ong ¡HLhs betweeil srhteC~. 

Ii any fíOI'tton a,1 uf any uct.ivtty ·i um.v u e .tllorated lot> any zone j, Lhe nia11ru ng 
p1·oblem m a. y lw pubcd: '3elw:t the set l a,1 l k' maximize u n1easure eJ- merit {_Jf a.,) 
\Vhere 

...... \J 

L)=: a,, b,, A,+ 

subject l:.o 
N 

¡__: a,, A. ~ Z 1 , 1, a;1 ~O 

in which 

s.k is the iriteraction leve! betwecn activit!es i and ,·"· 
R,z is the lengtl-. of the path hetween zcle'3 J and l, by an.v preallocated routc 
b,, is the sum of the bcnefik.; les:; the costs of estn,blishing alld operating one unit 

of activity i in wne J. 
b;1kz is thc sum of the benefits less the costs of establishing n.nd opemting •"Jni? 

Urllt of intcr:tCtlvll s.k along one unit of p:1th R,z 
N L3 tbe number of activ1tie.~ 
.1~! is the nur>1ber of ZOJJC:;. 
Tbc proble:n i:-. ,, quadmtic progra!flming preblem with N M 1ndependent variJ.blc'3 

a,, anrl N + !ti !tn<;a~ co•1strn.ints. VarirJus :oolutio11 techniqu<!s are nv:,il::.blc, ar:d 
fu~ther :!llear·¡zed te~hniqucs havc béen dc:velopcd. The model optimally :t!lucn.te;:; 
:1ctiv1Lies to rrgíons on th~ basis of the co>nprchensive cost bencfit fnnctwn abovf'. 
Thc rnodel has bc¡;n extended to incluuc nn aJJiLional dímcn:;ion, tim<~, alluwinl!; 
optunn! time,; of cornmcnc;:Jg or· changu;g uf activity lcvcl,.; to be al.o.;o determined. 

,' Potential applicatwns include eng:ÍtlCering nnd <'conomic., pbnníng at varioc~s lcvcb 
from national, rcgio:1al and urb:w devch•pnJcnt tu nHl•Jstriul aud building layouts uud 
~hemical or elcetronic systcms dc:;rg,n. 8chcduiing problcms may rtlso be h:u:Jlcd. 
Current applicaiions are t.o urbun planning, hospital layout:'!, u.nd buil<!ing lle~;rgn. 
! In n. city, for exn.11ple, the activities mclude resídential living of var1ous deu5tt:es, 
industrial, recreatJ<Jnal. scrvice n.nrl coP1merciLLl activities; thP. zolles include the Val'tou:-~ 
land ttrcas Slll tn.blc for estahli:;hm~:n t, of thf1se nctivities; the interactiono inc~udP flr)l'. •: 

?f peon!c, matrrials, ener6Y, and infornH,tion; ond the paths include hig, 11'v~y.~. rc:;;­
denti:tl stJ ccts alld pe(lcstrian paths, nul, p1pc: and wire 110tworks. The uclleli ts :1 .,¿ 
costs way be as eomprehcnsivc llS :•.~Sef,smeat <:!ttp[tbilitic:s J.~!vw. Non qu.t··~l 1 '.th.c b(~¡,. 
efi ts are hant:ed abo us;n!l; sensitivity nn~tl::;sc;3. 

• Re~Pived AugUBt l9G9 

2~5 



:!ii'J COMMUNICATIONS 'PO THE EDITOlt 
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!4: ~nlrouuctioa 

Tht~ rnod~l b~ te~'•t prcp<Hd by Keun.::t:< J 5ch!Jger 1 fo¡ thc Lar.d·U!>t: 
Trdrrsporta!lon Stuc)y rA ¡he South .. :J:>ttrn Wr:;con~in Regrom! Plannurg 
Comrnr,sinn in 1965;-ar¡d }v.: bLt"i tcsted us:ng da:a irorn the Waukesha.~re.t, 
Schl<:ger has caPed !lrs ·noc,:i a 'Plan D~s;grt' rr,odel, whH .. h rou!d be idenpfi.:J 

-as a dec!Slon mod~l. accordllll?, t'o th.e c!a~<;rficatJOt1 used he~e. 
The urocess of evaiuatiu,l r:f the J¡fferent a~:err::!rtve prograrntnes i~ don.: 

endoger~ou,ly by the n'cdd rtsclf ll'ling ~athen_l:J!ical progr:¡¡nmmg techmqu~~ 
T~')~J~:t tS}~_!!ll'li:'' • 1 ~, !_l'i~l_?¿~~~-~;:~-E!~~;;tc;~v~-~~e~l ~ ~-~s~~~ubj·e·~~ ,lo 
cértam comtrarnts Only nn¡o¡ !aml u<.::, su·~r. ,,.._ agr:r.o·t·ur:::, ltluUo,ry, .e~lucntt•l 
;;pen -;pace~-e¡·.;- a re ha :icl!':li bytt' ,s·:r.1-odc 1 - . .. . -
---- ...... - ·- -- -- -

!4.2 Undcrlying conccpt'> 
TI1e underly1ng concep¡s o:' this modd h;¡"'e thc:1r bd.;ts 111 the anJly!rul stuur~1 
cf Chnstophc:r Ak'(.>,1Licr2 wr.o md,~,.ates_ th>t dtff~_cultrc:<; ir: the de~tgn pro~..::~ 
der¡ve pwnarily fro:n ;hr· i:·d;;¡;¡y .. oí tl1 é hu·p~n de:>tgnn ro maillpu!Jt~ 
'S!rnufr3.neo-usl:-~ a brg.: n.Hnbc t , ,f ¡r¡t;;toJcttPe dé>l;;n relat 1vmh•ps Sch t.~gcr 1 

-fe!r·11<s:-· --

Wh1!e ,\lexJml~l doe~ m.t pur'>ll" thc d:ré~t s0iutrr)n 0f sekct10n prnbÍLII'I 

by me¿m of matkmaucai t:chn"tu·;,, h;·, C:e:¡¡¡;tron p~ovitles us:::iu 1 

cr:ter1<1 fo:· the syslt:md~ic rorilw!Ju.:¡n o!' suc;, probkc";. 

In rclJtlOn to the followdl[; ccnJJitons conncded te a 'sekdwn problent' 

po1nted out by Alex:~ndc:r,z 

(1) 'lt mus! be po::.sibk to ge;\e:atc a w1J<.: enough r.Hlgc ofpo:.~1bk 
alternattvc soiutions syrnbolicJily .' 

(2) 'lt must be po>~•blc to cxpr.:,s a\l criiwa (or ~olutíon tn krrm uf \he 

same symbo:ism.' 

Sch!Jgp mJIC.!Ié> thJt the fin.: fé'!Uir ·:uent 1~ n.•tu;.dly ad,¿•:Vell bt>l~u\<! JI! 
lanJ-use plan~ m.: y b.: expre~v~.1 symblll!,.dl;. by duee s.:t~ of,vJrtJbi.:s, 

(1) The ty¡.>:: of IJ11J u'~ (t.¡t• di!)' vJr¡.,blcs) 
l2) The d.:n,¡ty of L11td IJ'·~ (quJrt 1 :1y vJruhk,) 

(3) The ~eugupltl. lt~<..tt•,n (\o ... d;!lll \.Jrl 1bk') 

Al·\ \[l·lJ~I f'L \ '-' I\L'->ICN \l< r1 11 1 21'·¡ 

1 h;; !.1ml d"'.l un,L•; > ... dy 15 ~uLJívHL,l :ntu a gr:d o! 'zonr.:s' uf equ,,l dn: ... Tht" 
~~'J!il •ph1·~ co-uJurJtes of rhe zone ácterrPirte the lo.:Jtion Y.Jfi<IDi~ F or cJch 
lü!•c, the typc:s anJ Jcn.>JIIl'~ ofland uses ['JJY be '~X!='rc·~,LJ ~' 1 r'- ,c,·¡r~ o! •:-:2 
aL tt> 1 ~ ''-' tll rilar zonal ::re.:~ 

The requ,rem.:nt~ of th:: sccoi!d conditron, whrch deJis wítit thc s·{mbu'k 
re!Jt:cnslur bet\lcl' 1 ,Jt~rrwtll!e fcrms and de>•_;;n rcq.t!rer1.:rt,, ~r.: Cl''!Llcd tn!~ 
t.,.. o pr•r,J.;ry e! '->•?> 

(1) ReqUircmcnts H12l rest~tct the nume;JcJI value of d land use 01 ;:¡ 

n.:Jttonsh!p bdwcen iand U~C!> wirlzm a g;¡d 70ne Exam¡;le<; or tbc:~e 
requtr.::m~nts a ce the exclu~10n uf flood pll•ll are.~., from d~'c!op•'lent 
in a g~ven zont: grid, or preven! ton of the snr.ultaneoLL'> devdopmc:nt of 
both irt'dustrta! and res1denttal iand rn the same gnd wne 

(2) / Requiremen~s that restricta relat10nsh1p betwet'!n !and use~ be('.veen 
grid zones, for examp!e, the n~ed to provu.le an e!t'rnt·nrary sthool 
w:thm a spectfled d1stJnce {or tune) of al! re~•d~r1t!Jl un1ts 

D1r:n, g•ven these desrgn requlfements 111 terrm of restnctions on poss1ble land· 
use rt>btionshlp>, and a set of demJ.nds Gr totJl need::. (bJsed on prevwusly 
pr~parc>d forecasts for ti1e area under study), the problem ts to (S.:h!Jger 1 

). 

Synthes1ze a !Jnd use p!Jn destgn th.:!l s.lltsfies buth the !JnJ use den:Jnd .. 
and de~•gn st..lrtdards cons1der•ng thr curren! s!Jte ofboth natural and 
mMl·rnade land cildracter:stic~ .. qt a r.un¡m,¡l combmatwn uf publ1c and 
pnva te,c, ~~ t<> 

t!t' !,resto enlph3>1Zt: that rlllnima! CC!>l do.:3 m.t nec.::-.\,<ttly n,cJn a cb·~.q> ¡r:,J•·, 
but only to av01d unnc:ce::.:-.ary expe11d1tLJre of pr;:~.úu> resource' 

1-1 3 Thc linear progt .1rnming fvnu u!Jti ot, 
Schbgcr on:y g1ves a:-t outhne of the mJthernJ1ic::ti forrnulatton ofh1s model, 
but 111 the fcll·Jwing analysis a more complete descriplron of thc ltn·.:ar 
ptc•¡;:rarnmrng \di be "tternpt.:d based on the tnfor:nation provtdcd. Tht: 
or•gHl;d not.Jt!On .,.,¡j¡ be modifíed ami expJnded in orJer to fulfil rht' 

rntenlton 
The fol1uwrng notat10n wrll be u:.ed 

', 

m= !IIJf'l~~-r qf¿on.:> ,¡f equ..Jl JrC:J wh1ch furm JI! e\hau~ll~t: subd!vi~IO!l 
of tite: !JilJ':lréJ um!.:r stuJy; 1.011e'i Jre UH.llLJ!ed by th.: ~uh,l..fipb 
i=1.2 . . m·· 

n = numher of L1nd U\<'\,CJkgon<:s >u·:h as swg!e f:J1111lj. rcstd~nttal, mult1· 
famdy r~>,Jc¡¡t• ·~. mdust_:wl, Jgncultural, etc con::.idered by the 
d,•stg:-t·-', l:!r·d u,~, ~~t.:c:l··n•:> .•rr.: 1!1Jrc.ltecl by the subscrrpb 
1 = l, 2,. n ·, 
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x = number of acre·, of zon~ 1 to be ,tlliJc.tted to lanJ category j 
IJ 

Cu = cost of develupmg Jn JL're of /olle t for JllOc.!tlon of land mc category 
j; co:-.t may be related to !he tupugfJphy Jnd so1l chJrJctef!Stics of the 

are a 
E

1 
= totJI de!lland for land 11'e category j 

d
1 

= serv1'-e ut10 coeffic¡ent wln,h p1mtdes for supportlflg scrv1ce land 
requirem<:!nts, such as strcd>, v.luch are nece~'iary for deve\opmt:nt of 

land use category i 
F. = hm1t 1n the amount of are.! frorn zone 1 th<~t can be allocated to land U)<= S 

G
1

,. =ratiO of land use category j allowed relat1ve to land use category k, w1th 
land uses c.l tegories j and k m the sa,n_c zone 

er: = rat10 of land u:,e, categonc:. j allmved reb t1w to IJnd use category k 
with land uses categories j and k 1n dtfferent Lones. 

The mathemattcdl structure of thiS modcl can be ident1fied as a 'transportatwn 
problem' which 1s solved using !mt.'Jr programnung techmqucs The !mear 
programming formuJat¡on has the followmg forrn 

Mmtmize 

subject to 

m n 
Z = 1: 1: c,,x,, 

•=lJ=l 

(j=l,2, ... n) 

(1 = l' 2, m) 

(i= 1,2, ... m) 

(j = l, 2, _ .. k,_ . n) 

(¡=1,2, .. -h, ... m) 

(j = 1, 2, ... k, . . _ n) 

(14 1 J 

(14 ::! ) 

( 14 3} 

( 14 4) 

( 14 S) 

The obJl!Ctlve function (14.1) re!Jtt:~ to the cost of developmg land for d gl\l!ll 
land use category Constramt cquJtlons 14 2 ensure that the total denlJ!td 
requnement fm each land-use category IS sat1sfied by thc model, thJt is, th.: 
aliocat10ns J.cld up to the foreca>t total Beca use only pwn:uy land us;;s suc h JI 

residcntJJl, trHlu~tnal, agr_IculturJI and recreJtiOnai!Jnd are dtrectly dett:f!llln-~J. 
serv1a rat1o) lflLOrpurated 111 the d pJr 1mder> account for so::condJry !JnJ u><:\ 

as str~ets and p,1rks 
Con~trJ111t e'-lu.ltlon> 14 31Irmt tht: u~e ofland W1tlun a zon~, 1t w:ll u~uJI!] 

ref1cct 3 den\1ty ~t.lf\JJr.J ComtrJI[It cqu.1tions 14 4 and 14 S IOdi•_atc 
restik!illf¡S on coexJ-knt lJnd u"" wdhn .ud between 7ll•r,'> 11us tyt;<: of 
constrJoiil wlll a bu ref1t:ct JCc''"Jbd.;] ;t.u.d.11Js for emplo::, lli<:llt and shol'p11•¡; 
areJ> The ultrududwn uf more LOmtrJmt> Wlll dept:nd on thc: t.h3rJ\.!Cfl>tl,l ol 

the ,tudy, and of cour'><:!, wlll hJ~e thc eff.:ct of re~tnct1ng th~ sct of pus'>1bk 
solut:o''-' Con~trJIIIh LJn be JdJcd J~ lon-g JS they are hneJr and conttnutJUI 

.-\LA "iiJ-L.SL PlAN·[Jf-_SíGN- MGDCL 

14.4 Input:. 
Four m3in classes of 1nput ddta are requtreJ 

(1) Costs_of urwnproved land and \Jnd de•elopmt!nt by land use Jrtd type 
ofsotl 

(2) Foreca~t totJl demJnd for eaLh land use 
(3) Des1gn standards (e g derJ>ItJes) and inter- and intrJ-ZOn.d lumtattons 

on land-us~ relationsh1ps 
(4) The current land wventory i11cludmg !Jnd uses and soil types 

Land development cost data obr,•u.cd by sLitrsticJ! analys~:. of recent lJnd 
development generally are very expensive and d1fftcult to obta111 Eng1neenng 
cost estimates are usudlly preferable 1f compeknt profess1onal expenwce 1s 
avauable In the Wauke:.ha arca, separate cost estunates were prepared for each 
of three classes of sol! Assessed and equallzed land value dJta on the bJsrs of 
pnces realized in rt!cent land trJmactions wer~ obtJmed for each of the zones 
1t IS possible to constder redt:veloprnt!nt in the form of urban renewal, and for 
th1s approach, rede•dopm<'nt cost wou!d be required. 

The aggregate deitiJnd for eJch pr!mary land use actlVlty is input to the model 
and-may be obt1med by applytr~g destgn stan·1Jrds to fore- '"ts nf pnpulattun and 
emp!oym~nt in the area UI1der study. 

The de>ign.,~tandard~ rencct the p\JII Ubjt:dl'.é> JtiU leSlriCI the sé\ of 
acceptJble plañs,,also they luntt the land us<! rclatlúnsh!ps thdt may exrst 111 the 
plan Basically th~y'a,re the dcrmties assigncd to ea eh zune, the serv1ce. (JI!os for 
the amount of secom!:ny_land (str~ets, parks)- required to support the prunary 
land uses, and thc rat1os of'coexl!>tent land U)éS w1thm and between zoncs 

An imentory ofboth current-land u>e actlvitlé, and soll characterist1cs 1s one 
ofthe most 1mportant inputs The so1lmventory make> 1t pos~1blc to ass1gn a 
development co<;t to eJch zone tn the study area 

J-$.5 Limitatious of the linear prog::1n1ming 
s,hlJger introduces fm model ustng II;IC3f progÚÍtHlllng techmque; and pnllltS 
out two major hmlt:.ttlun' 

(1) Because l.HH.l-u'ie Lhn1Les are by nJture usuJ11y d1screte, land u~t: 

van:rbk, shou1d t.JI.::~ J1suete v.llu~> r.llhcr tlun cont1nuous oncs 
Lme.IC P'''sr-lilillillls :-.nlui'Uil Clluld be rounueJ off to S:.ttl:-.fy the>t: 
naturJI Jt,Lide leve!::., but su,h d ~ulutwn duL·:. not usu ttly corre:-.p•>nd 
with tht: a>~t•r_¡,•[,J :J.,,rdc: o¡>(¡,;,Jl cnmbllutlün 

(2) The JIL<J f"r huth J lttL.lr oby,t!vr funct10n JIHlllne.l[ Lüll\lrJiflh 1~ 

tht! S<'l'tH¡,f !1 11t Jt¡n¡¡ \lf lllté,lf prugrJlllllllll!,; 

)!J~ u'~ of J llllt:.ll l'OJ-c !tiC fu,,,ttun J; Jll .~pplu\ttn.~tu_>n to non-1111<'., ,,,,h 
;5 ;1ut J )evn.: 011<::, b~cJU><' th~ llt,Lc IIIJc!l'' tntruduL~J by thts Jppr' 



, ' 1 

>-• ,_•u.•il; tess thJn the .:rru¡, of (0>1 ·::~t!n•.Jttor. But lweJr con:>tiJI!lt r~Llltun· 
shtp~ ~r._;•11 de an llnsatisfJcf.)ry ;ub,:.tut<' to Jc~tgn >lJit'L!ld.> wiat.-h drt:: 

generJ!ly noiJ·Iinear lf th~·;~ des:g:' :;tJr><~..~rJ-; .H:: n~Jt rqJ'C~en!d pruperly, thr: 
~ • · f, r ···, •··t! • !• (d•n¡• t'•• )d ·J hs•·s ,.,..o-t ("'\(' ;(~· IJ•',I'I ,/ '" tr Ul\l'.. T '-u c.d:O"o... dt:l.,e .rl!l d J.::., .itC: m, c: ¿.J....._ il· __. • l). --· 

at,thor of th1~ modd 30:?,f:,C:>Ió ;\J;; p·.: ..•. hL ,tppl•cJl!un r¡f d fJ. ... n;c prog¡ar.lrnLtg 

as .1 cc•n'p•lt~tJon~! proccd•~~~ ~.)o·· ll\::d 111 t:1e model 

14 6 CüllllliL:IIb 

Althl)ugh many cor.Jme.Jts !uve be.~n p¡cs~nte2 1!0[1g rhe anJ!y~b cf this mod.:l, 

t'.vo ma¡or p01nts wi!l be en·.,rh"_;,¿c,i hcré 
The i':.rst one ts rehted to the cü!l..:é]!l,:J] Ol'IS of mtnnn.zing co~ts Cosr ran 

be aí: ;ntcrcstmg factr,r to be rmpbyeC: m the objcct:v.: function, if :t is 
rt:p~csentat 1 ve of 3¡; t.hc ele•,ler;ts t!tJl sP.ipe th-::: urban spattal strucWr10; bu: :n 

i.he oa 1t:cuiar w¿.¡ that tht~ moJel h<.~ndle~ tl·~<:t ektC~ents, tt i3 doubtful 
V'he-th~r thc repr~sentalion requ!rcd !S p¡;:¡,¡,f;;;,tcd T.1ere is htt!e doubl 1hat 
aevdopment co~t is irnp0rtant, bur to cor.s!der ;t as the ba~ic Llc;or whtch 
{und:>r ceriain restr:ct1ons) deilllc: • .1!1 optima! :_¡!\os:~t!On of d1fler.:nt land uso:s, 
shows 311 opposite v¡ewpotn[ frorn t!',,! ~ornp:ehcn;;11re and syste•11alic dpproa,!l 

te planrung advocated hn~ 
-The sec7md pomt ré:fe¡, tu an 2F?Jfc!lt :.!bs.:nce cf th·~ dual probklTJ i\!Jny 

m¡e¡es:ir.g feat~res about ¡e\.;vJot way> of introducins ch,lfl~e) mto the land-usc 
r,[ar¡ ccu!ú be L•bt::!I:JcG by th::: u~e artJ irterprtí.>tll)n ofthe dú3l VJriahks, •.vh1ch 
;pp:.!~en~ly art HOt cons;d~r-=d m the frctmc-~·ork ,)Í t~1e mo~lei. Ch;,ng~~ In the 
!anJ·'~'~ pla,1 un probably :;pp..:Jr d,Jri•l}; the •rn?br,en:J:ron >~Jge, v.nere duJ{ 

' ' ' ~ ~· 't 1h·-" ~cft'-•<'•'h•Jl"'t'-rt',\'·ed 'ú!riJbtf; .:rju\c glve a acepcr : .. ,l¡,')l •ll •• e ,IJ· ur~ ,J •-- .. ~ b o· <.¡ ,.¡ 

New morlct havc becn ·le':r!op.;d ,vhích :lltempt (t,: overcome thes?. 
d.efic·:~ncés. One n \he modt>l 3 for the líVtile :-!e\; Town ~~~ Britdlll, wh1ch WJ~ 
ca.r¡¡e,i out by the Lrarl lmr.¡tute of Uci-l"n Stud¡.:s and P A. M.wagemu¡t 
Cons•1lt31 ,ts Ud. in J'J68. The purpo~c of th<! rnodel •vas ru maKJ!ll!lC the vJlu,· 
of the wd\a,e goal fu:-~ct1on (obFcttve flli~:uon) wilh,n [he g,ven con~tr;urw., 
~,.¡;·¡e eflic 1~nt allf•cation of popuiJt;on and dwd\.ng, lcilll\ to tht> dtfrer.:nt 

lu .~, 3nd de·:ekpn1er.t stagr:; of tht pla,. . 
Th~ Jrc:ne :'lew Town moJ~I r·~cogp7t2> thJt tnt:Jt: 1rc cr1ter!d whkh Ji~ nul 

n'.~J>..:rJble in fii':J••ci~l tem:~. ::zd ~hu:; the upt¡;,¡,Ii_rL•n t;J!li!Ot oe easily 
oblJI!léd. 111erdore, sev.:u! Jlt~fi:Jftve dirdllv~'> .JI e ~pec¡ficd for d¡ffer<:u~ 
!evds uf these cr~tenJ and fur e.J..:h al<c:ro~.•t;ve, and the be~t po~stb!c solut•l.rt u 
found wh 1ch 1s n:g:!nle,l .:~ dfi.:;e-ni. f¡.)·.t tlu! h3t of JlttmJt!ve effic.tent p!..1n· •. 
thJt piJn '.'.h:ch be~t suits the pl.!Pncr\ t.rlt~;IJ 1~ Lho~cn 'The sd~diun. of t!m 

pldn 15 not ~m.plc, beLatbC thc pl:;r,, d.ffcr fror11 on<- anctli·~r. not oruy 111 thc 
val u:: of th..: 1r $OJ! funct1un but .J!,,l ir. ;);h-r .;r¡ttr:.l • ..,lud', ·!le v:>Jnt:.t:>ucJhlc 
Th1s proce>S of seled1un ret¡L'it.·· thc <k•·p l'Jihid~rJtÍon r.ot cnly uf plJ!lrh:n, . ) 

bU[ JI S() J:t:J,t Ím¡K)ftJntJy üf p•1bli·- ,IIJ'f¡, or:r ·~~ 
Th:: corbtrudl0!l oí tlie ·.,.;,_ !f;r•? t;"Jl ft~"' ¡¡~··fl l~ILhi.:,:J t!lc fu!IOwlllg 

crt!ot ... for th..: r.:~Jd:ntt ... l Jrr:J, 

1\ [ A:--;11-US~ PL-\N DLSIGN \IODr L 

The mJ:ket vdl:JL' ofhou-;rng 
Construct10n co:.b of ho:.m:->g 
S1te devrk.pcnen t c.o:;~s of n~,¡dcnttd! aro;;as 
The aitrrnJllvt' ag'!CuiturJ: :~i.k cf rhe !Jnd 
L:tnd val u e [He•nt J duc to emJrOrtmental cor.di!•Jil'i 
The value of rhe time thM the popt:ht!On w!l! sp<::.!d 1!1 tr .• v\!lllllg furJ!l 
purposes. de 

TII[ lrv1ne New Town morlel m::kes use of ~h..: dual variJ'c:le~. dnt! thus 11 :s 
pos~tble to indkJte by how n:u(h the teta! vJluc of the gual or obJ~·:tJve ftllll tlt'il 

incíeJses as J result of rnarg111~l relax:~tJOJi of t!"le cnmtra¡qrs Since sorne af thc 
co,lsttamts Jr~ subject to the dcc.sion of the publtc a,¡thont•ss, th~ mformJthw 
g;ven by tht C'Jal vanablcs al!O\ ... s thc authontJes to re txJrilEIC rhe1r formcr 
dectsions and m9dtfy'thern. 

Another very intcres:10g e\¡;cne!lct :n Engl:!ild •.viuch used lme~r prngr~mm1ng 
rechn1qurs, w:..s started towJ~ds thc end of 1969 by the Crea ter Londor, Councd 

in order to assist the ovcrall r,lannmg of Gredter London 4 ln th1s moJ;;!, thc 

objective function ts more safely regarded asan expre~s1on of one 0f the !tnuort­
ant :;¡ctors whtch ml1ucnce developmer:t lt is neVt;r cor,_iéc';-ed the >ole 
important factor. Ap.!.rt frorn thost! factors ,nduded tP <he constrJJr.ts, othc; 
i.J~portam factors, ~uch 3\ the ut¡\¡zat•on of vacant bnc, the den:>~ty of hcustng, 
th~ totJi cost, the ,Wddab!ltty ofland for redndupmen~. ~t; .. wer~ Jls:J 
wc!uded 111 tli\!,lllúdel by me"r.s of objecttVt" fun.;t•ons it sho.t!u b~ stresse,: that, 
alth.:ough rr.dny objective functions M~ co:¡tatlled .n the mod.;;L or1iy one c:~n be 
opetatlvt 2t any ume. 

Young4 points out 

One use the mod,:l does not ha ve 13 thJt of olcul<:tirl~ wl1at wd! 1Ii2pf!t'tr 

ÍI! tbe future lts :.1ses <>r,:. tn fac\, al! concerned Wlth r;,¡]cu!Jt!ng what 
nef'd~ to h:1ppen ¡f obJcct¡ves are to be md. 

The reader wiil find very easy to follow \ht' rkscr:ptl::ln e,[ ¡j¡~ Gi...C motU on 
pJges 5-í S of R.:ference 4. 
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Lcsht: J Kong 

Moc!e!s of 
Urtla!l Land-Use 
Developmen~ 

Tim p •• pcr rcvtl'WS :he: g.:nt:r;,i problem or construc,q•g mo,lcls 1é•: t!', '_•re 
,;;¡q¡n¡; 111 urhJol l.tnd-us~ dt:VI'Io~;¡n~nt Jn pantcl'iJr, thc.: '''' Ccrcnt anJlytt·_al 
JP!lr"·'tltt'S Jtitl¡'lLd hl c0nstru•:ilng ,,•,;b moJcls ,,;r dl<;.:;ll~'\tU .111d tite cxtent lo 
\\hl.-!t '"m¡:Hilt'r L1Cíl.t!t'S wc1..: •·lll,,coJ 1~ notc.:d J'i;¡s gc1.n.tl rev1ew illlllg> Pltv 

ll\(:tS '1'\'CI.Il Ol t:lc f'•I~!C ~~~\IC~ IIIVOIV·:d 111 'ilt)UC!tng COP1p1ex urban sySICillS 
,utd p1ur¡,pts '"!me q~o~'tiOib .ls In lile ovcra:t ut•l1ty ~ll· :,octal pla'lnlng :IIHI 

&.:'ll;;lll~ ... ,:fl!lg 

!'.1! 1 lc·ul.;r cmpi..I\IS ,, pl.1ccd 011 lhdsc i.11Hi-lóC st udt~s ancl mndels 1 ha! Me 

c'~t'lllt.tlly pd\tl!l'c 111 :hc11 .lp¡_,rv.tcl,- lil.'l 1s. !hose iltal d.::.tlnutnly \\<llh 
.', pl:lnaltllllS 1'1' wh.1: !,,,, ha pp.!ncd 1n u rban •and-usc 0.11 te: ns "nd w¡¡ h 1 he prc· 
dltll•ll\ tlf 1u1ur~: <i,•vclupm-:n!s .:onsJslcr.! W1lh thesc exp!:maltons 01 unde!· 
\lar,Jtn¡;' l!ut \llill~ IJlOJe .:l!.t!lcng.n~ :tllll provoc:tllvc norm.tiiVC an;.lyscs -
th.11 1~. 'tud1·~~ ot w:;.:t la•l'J-t'\t pailnll\ shoulu 01 could he coP~I~Icf\1 •1n:h 
ú'JIJIII tlbJt:t'll\'~5 ~onsl!:llnts, and ~ta:1d:11ds -· havc heen pror·osed, tor t:x •• ,np!~. 
rn thc• wurh. on l,mJ-ll\t des:gn Le1ng pursucd by the Southea~!em WJS(•JI'~l:t 
l{t'¡:tcll~al l'l.lnlll!l~ <~oíp,,,,~S.C'Il (Soutl¡castem Wt~comm R.egto11al l'l<~nn:q¡; 

C•>lllllli'•'"H'. l')(,,•q ~ll'ch ot 1111'· w<Hk ts sttll onlv 111 the dcvclop•,.cnt pho~sc. 
hu! Jg;.lll. 1,1 pro•npls an JiltercstJng set of questtolls concernmg thc ph11o;;ophy 
,utd \tfJI.:gy ,,f ~<•.:tJI plann111g StllllC of thes~ quc\ltons, for exampk. ¡;on­
(~JIIIng tht: fl,Jture of ·~1:: obJ~Cttve functlúns to be opttmt7ed and the value 
syq¡:m linJlli<:J, wtl! be constdcred ;¡(a later romt 111 tlm paper. 

/.,a!J(/-fJ~c Fnreca~/ln¡: 

·¡!le p.•st cllort> at ~orcCJ\i tng urb.111 IJnd- u~r ckvi!lopment nppc.~r! o hdvc 

bccn i""lll!l!t:d hy .Jt lc.1st two llWJOf constJcratJ•>Ih 

{ 1) 11 h.t~ bccn n!:tbl,~hnl .• n .• lvtJcJlly •n >OillC l.OIIICXI~ flor ex::tmple, !np­
r.cnerJliOII quJ¡c, ;.¡•J llllallCI,ll ana!yscs) .1nd \tt~pc.:tcd lor lll.!I1Y oth;::J\ (for 

1.''\Jmpl~. lin• úVt:rJIIIcvcl ofsoctal welf,1rr 111 th.c c•ty) th~t the patte1n ::tPd 
:·,IItH.: of land U>CS arr >1gn1ftcant pred:ctor vJrJab!e~. 

(~) Thc recogn1tton that l;wrl-u~e paltern~ 111 a.1y ttrban area are tnfluePced, 
111 turn, by many comp!ex an,J mteJJCIJnU fo~ces that are dynam1c both ovcr 
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( 1) 1//c/(ft! or ·');!'IC¡,.tliiC l1111dc·l, \Cill" lltl(rtl.t!ld h,·ho~v¡or.d tli»ckls. 
(4) Har.c lc'rollc dl!ldi/1/C fnrm'II,JI¡ons. 

(S) d,·rui/1111111/C 111<•dch 1\lllch du not JIIP\1' for ,J¡,¡ncc clcnh'lll~ 111 1hc ldnd­

IILC P'''LC~S. vcr,us¡m>hoh¡l,<ri,. ,,,.,.¡01, 1\lll,.¡, "'P"'PI lo d1·Jl 1\'tlh <llch 
c·kmcnt~. 'Jnd 

((l) .\111/11/{ul/t'tJ/H VCI\11~ ~Cc/llt'lli/17/ LOIIltil)i•·, 

ll.ifiiS jHC~CiliS .til t?\ct'Jkn! .IC\ICW 11f thc ¡j¡ffc¡,•nt IIIOOCJ~ of C\lllllllCJCJaJ, 
rl''ILkllti.d .tnd lndustrl.ill.lltd II'C~ \1 1thn1 thr fr.nnéiHlr\.. of h1< Ullcllcllon 
PI thl' dullCII'I<'IIS of llhl\lclmg 

¡..;:llilfldgc. Ct al ( JlJ(,Cl) h.tiC ,¡J<;(l ll'Ll'i¡ll}' L'\,illllilCd tlll' diillCII~Illfl~ Ofllihdll 
pi.Jnnln¡_.: model~. Thc11 rn1ew" IJIUIC gc'lcr.d lh,lll lhat of HJiriS. ,tnd they 
\!re~' ( 1) the 111h¡cct of thc modcl. {:?} l!s[llll< llnn, (3) thc rhcory un wh1ch the 
Jil<•ckli\ h,Jccd, .llld (4) thc 11/c:/¡¡tcf by \\llllil the moJeluo,e~ thc theory. 

Ag.1tn. \\'¡Json ( 1 CJ6.S). 1r1 dl'v""tng modcl~ of ur h;m plJtllllng. ron si ructs a 
"h¡,•r.lrLhlcal rcle>ancc l1ee" scttmg out tite t.~~J..s of su eh models and theu 
:111CrrciJ!Il>nshipS He recogntl.es thrcc hr<)Jd leve1s of policy, de~tgn. and under­
\t.,nduJg \\'¡thrn these CJtegor1cs. the follo\\ uig erght t.1sJ...s ~re 1denttftcd 

Policy 
Dt>~1gn· 

(1) Act1on. (:::!) Goals. (3) E1J!uJI1on 
(4) PIJn forrnul.1!1on. (5) Des1gn !echn¡q:.es. 
(6) Prohlcm formulat10n 

Und.::rsl:u~dmg (7) Sy<lem rnodels. (8) TeLlm¡¡.¡ues 

Lowr)• (JCJ(l8). 111 diSCIISSIIlg ~cven of the mo¡e htgh1y dcveluped land-use 
rnoJL"Is .dcJls wilh 3 bro.tdcr tltt:UJC!Ic.tl qucst1on, n:'lne1y, the e:-.lcnt to wl11ch 
.;¡e dtfi'crcnt models rciJte to 3 g<'ne!Jlly JLLCpled thcory of the mJrket 

,nevl;Jillsm fur urh:m bnd Lowry's cuntLnlton ts th&t "thc rnarJ..ct prnce>se~ of 
trJil>JCitons bctwren wtll:ng buyers and wilitng ~ellers de!errmne the spaltal 
"'t;Jr1ii.JIIon of urbJn ,JClll'iliCS .. 1 le dcfíncs an mvest ment f1J11Ctroi1 by means 
of wl11ch owncro Jp~Hul~e ihc ill<'riiS of Slle unpro\cments, and <Hl CI'J1uat¡on 
funct1on rclatmg lo ihc p11ce a j'JrliLUlJT ntJbl"l"JJenl wrll be wtllmg lo pay 
,-or J ccrtJm s11e 

Lowry's ~ubsequent revtcVv of the srvcn models cons1Jers the ex tent to 
\-lu..-J¡ !bese funct¡ons Jre trcaied- CJ!l!er tmplic,tJy or explicitly -m the 

lll<ldcls L.:e ( 1lJ69) outh11es Jn <'\ccllcnt dllcli~Sion of the conceptual frame· 

\ot'llc .,¡,e¡\. <•1 1 f<H·\!'. "liH e •ll-1 .·r, '' ¡;, 

1111.c'.li•J';'-•cc' \\¡¡J¡¡ntliCltly ¡.,, •. ,,,,1~ p.llllcllllf,llt',"·"' ','<<l•il'<'dln 
L<'ll.illl :.<lld-IILL' o~cli\ilit'' 1'111 lhl''L' lllllcii<>IILfll,ry ch.lllgc tlll'l lillll' .1\ '''111pC1 
rng l.,r,J ,.,,, \\.1\ ,111d 1\,llll' 111 lhc·1r l<lfltllll'~ 

(¡l'\'11111l'"l' l..~l¡]\i\llT,¡j,IJfr\ 111"1 1'lt..'lll !t)'\ f}(}} \¡lf¡'l•'•• ~ l•li!Jit\\ 11Í ]¡,,)1..1 ()f 

IÍIC' m IJ<>: c¡¡h,<ll Í.~<IJ-¡¡,c clllllll'\ h,,\c' .>Ccll 'el \\rll.,n IIH.' ,<>Jlil:\1 uf 11 '"'•'"ila­
lll>ll 1': llllllll);! pro¡:r.1111~ 11 1' ,,·.dly c>id) 111 ihccc lypcc uf pil•t,r.llll'> th.ll 'l'rluus 
cl'llll<:crJii<lll lu~ b,·cn t.•'c'll rn thc• 1>.1cl In') '1<.?111<; .lll,d) '"uf !he urb.lll 
(lllllí':l'\ Thl\ cmpl, ,,,, 11,'"11 l.o!IU-Iht' ,¡¡,d 11.11¡\l'''rt:ltl(tJl ~y.;tcm~ \\ ill \lf¡d(>tlh:cJ-
1~ ll'illil1lll', bul il IS ,,J~o ¡'l'''•i'k th,¡l J.,¡,d-li'C fPit'l.JSIIIlg Wlll.tc'lllllC .llldditi'li!J 
futurc :ln¡•url.tillC 111 thc cllllll'\1 nf p:.1111111lg .111d .;h.1p111g the form uf !he• Llty 
(thc rckl,tlh.'C to /lllllng n>lllioh 1s ubv¡ous) Jll~ 111 prcd¡clmg fui U! e IC<.JUII<'Ill~nt 
k•cls fur munlli¡1JI and l•t],c¡ 'l'fVIlCS 

Thc "typ!Lal" .¡¡•pro.1ch 111 l:ind-uce nwdcl1ng ts lo a<;sumc fn~t ih.IILL,i<~ll: 
f.¡ctor.; 111 ~~luc~ are g1\Ci1 (thc~c .11c the so-cJIIcd exogcnous fJcllJI~ 111 snme of 
thc mc,Jd~). thc modclthcn grncr.ilcs rcrt.1m 1c\c1s of cmplnymcnl . .~nd/or 
Cúlnumlc o~ci¡\'IIY o~;Hl/or pupuiJt1un by u'c of 111JthcmJitc.l1 functwns ur <;1at¡;­
ill'Ji csillll.illH~ TL<'cC dcr¡,cJ k1cls ;nc 1hcn Jlloca1ed spdlially to d¡ffcrcnt JrCJS 
uf t he ctt ~ .. q;.1111 by t he uq; of p.11 1 !Ctll.!i ;d IPLJ t 1 nn f,•n L t 1un s. J nd f111 ,¡] ly. 1 he 
futlliC l.md u>cs 111 c,ch . .rca JIC de.llvcd by the use of land-rcqu¡rl'lllCnl 
tunctlllil' fnr lite J¡ffcll'lll ,¡¡J.,c.t!cJ v,IIJJ"k' 

In \Cry crudc f,,rm then. the probkm IIJVuhes thc thret> cumpunents ,¡,u.•. r 
111 F1gurc 1-1. Thcre Jrc the dJtd 111put~ \\ h1ch 11tvolve the exogcnnusly 
Jctcrmlllcd valucs and ihc data lo be u>ed 111 estunatmg the d1fferent ¡JJr.11ncters 
l,f thc mndcl (T111S IJtter ph.J'C ts oftcn referred lo J~ the Cdhbra1Hll1 of the 
modcl ) Then !he re 1s 1 he nwdcl "luch performs 1 he gene raltnn .md .d1ncali<llt of 
thc \,m.thks of tltit'ICSI ;\~ di'LU'>~eJ I.Jier, tlm, llllldcl lllJY be of m.lll)' di1lc1en: 
form~. pcrhJ¡lS a ~et of rules .1·nd ¡'roccdures for"' g.~mc stmuiJilllll on 1hc nn~ 
hand. ora set of cumplo m:Jthemattcal functrons on !he other F111.tlly. thc:re ar<; 

thc out puts w1uch .¡re the p1 COil ted lcvcls of devclupment for ea eh IJnd-use 
act¡v¡ty .. nd each sub1cgton of the ctty 

Ob1 ¡uus1y. !he ~hove wmr;Jcnts gr('Ssly l>VCI!-oi111p1tfy both !he modl'lltng 
proLc~s ~nJ the n.Jt ure of t1,e IJnd-usc Jcvclop111cnt mode1s The publt<.hcd 
hterJture. 111 fact. p1cn 1de~ Jinplc cv¡Jcn~c of J¡fférent ways oi ViC\\'Ing 1hese 
c0111pUJll'nts Bllllun 11JrriS ( jll(>8). for l.:X<illlple.on thc baslS of C\(L'IlSIVC 
c\pcnc:nce 1n th1s f¡cJJ uf rc,cJrch. cmpl,a~i7CS thc followtng st>. f11,1JUI dinlCil· 
'tclnS of L111d-use nwc:cllmg 

fl) UCSCnplii'C llr Cili¡)triCJJJy b.t~Cd ~IJ1Ci11Cfll~ \CrSUSGIIG{)'{IC Or dcdllLliVC 
furrnul&t,ons, 

(2) hollsiiC .Jppwacltt?s wllldl attempt ll' deal w¡th the total urho~n en\ uon· 

mcnt 1ersuspartwl ana1)SCS focu'ln~· "" ··<"rt.nn ~e1ec r· d ~spects ofthe u: '·' 
compleJo,, 
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1\•trk~. tlll' tc·~lrnrqur:\, tlll' nwJd .:r•n~trucl!,•:b .. !lid 1h.: ~·.1 :!r..>rl..tr .rpplil'JI!nrh 
whrch ltJI<'c:<.•r.l.krr'c'J urh.rnl.n,!-~,.,,. ·'".d'~'' r·• J.ll•.' !nth.: s..rme vem 
l.:n1h ( !<1(,7} hJ' rt:llc'wcJ ~t.'llt•· :··· .~¡;:.:,, ,11 .iJnd llo,c' llltH.kl~ '' r!h rmph.1~:s 
''J1•>11 thc Jll.J!} tt..:.rl fíJtnc·,-,,¡rb_, ,•,":·!···\·.'~ 111 th•.'in 

Tii.: ,,., r.:ws h~ thr: Jlll hor\ n:~;.t.:•n<-'J ..~¡-,,,,._.· .• re ,!ltrrntriJ! rng ..tlld 

p:u'•'<..tll\r B.rt. 11rth th.: .:\cepttrhl c>fthe .nre' t·:. Lee JnJ Lnnb.ihev de..tl 
~~·l'lllldi) \lilh hrtlJJC'r I>~ll~\ !h •• n thll•c' c'lll,('f,Jrr:g ¡¡,,, jlJpt:! The Ct:ncern 
lic'r<' i' 111.1!111) 111!h thc rncthr•J·; .rnd ft>rm' uf i.•nJ-u,c rllc>J 1·l1ng wtth some 
r.:l..t!I:J fc.ttur.:, ,,f c·ompti!er utili!Jiton .111J '' uh ~.:fr:ctcJ pr11bkms Jssoc 13 ted 
>\llh lhe'.: JpproJCh.::s 

The Jt'>.:u'''-><1 m thr> p.rp•:r ¡, strungl: m1lu.:n..:eJ t->; :he LOrnments of 
Get~ler rt ..ti ( ¡9(,::~} on the l:Llllttnuum ,,f ,) str:•n,-..tllJij '" 1e.:hn•ques T!:Jey 
11\llt: ihJt lllcreJ<;ing ..tb~tr.r.:iron 111 ~n.d)Sl5 rll\'.lll.:s muvm~ from !eft to nght 
Jlon~ 1h~ \cJle shuwp m Frgure l-:2. 

\lmt of the'c ¡,~veis .rre :~ppJrcnt rn lhc fjlér.tturc of urh .. n iJnd-use stud 1es. 
/\1 !l:,• lo\\Cr leve! ¡lJcrc h,Jve hccn numcrou, qtr.rlll.!l:~, q,rlc'l11c'lllS bJ'icd 

'.\h->11; tlll cntptrll.d ·•b~c:rvJiruns Fur 1.'\:JI'tplc. ihc td.:..tlr;.:J ~t..tt~lll<=.tl~ uf crty 
!lliiP 1-..nu\111 J\ ¡~re conu::ntrrL zone thcur) (ilt.rgc\s. l'l::!:'}. 1he '>Cdur or \>>.:de•' 
h;.·¡:>u!h.:;":, (IL.)-1. ltJJlJ). :mJ llrc mul1rp!.: nu,!l'tlhcur;. (HJHI\. ]'!-15) Jre -
J

1lc:npilkJIIy bJo,.:J Jrtd tuge1hr:r ro:pre·ent fJIII) lrn,· Jcv,·l, of ;;b;;•r,!.:lh"ln 

In Fr,;urc 1-~ thr:re Jre lhrL'C k\l'l' rnvohrng ~.-,p¡c form of sll!u:IJIInn, .rnd 
'"111.: drflc 1c1ll ..tpplrc.rtlurh of th~,c Jll..tl;;.:, tu 11.h rn l.111J-u·.c studi\'S ;¡re 
t•:\Jc'h<'J lll !Ir.: full•I\\IIlg ".'dr1111 So-,.rlkd "\l!llliiJIII>I; ,ludt.:s" mdud·~ a 
1 -llr,·t) olf dr:krl'lll .rppr"..tchL''> .rnJ k'L'b lli Jlh!rJctron Al onc l:!\tre 111 o;: Jre 
· h.·nd •t::llll~r¡., .. , .. ·,u-.h .J, t!r;,,.~ •vtr"ll'''''' b) 1l¡c '\11rlt.•' ·-•~ 1 .. ¡r¡.,1,,1• P! '"rt'r'l" 

1 • • •• ... •• 1\\,. l • j • •• • ....... b 

( '•11 > 'llr'.·l• '11 ( l <l¡,~) In 1 h . .t 'llld) . 1 hL' p.r llc'rll, n( (!u,.q;o\ u rh.rll ¡:r llWI h frorn 
1' 1

'•' 111 1'1'111 \\1'rc' ftllt:l.l'l l!'r''i;; fi·.·: .I:!J.:¡,·nr llioJdL·l' thc' "Jr,p:hr:d rc~rllll.tf 
"' ,!'''.·•' ·· ¡¡,,. ··fllq;,·r dc,,::n ··rile '"nn•ltr ,JII,rc·r ,fc-,rcll ·· tlt.: '"sJll'lltlt' ~rtrt:\­

•r,, llhc!! ,¡,_·,¡~·r¡ ·· .rndlhc· '\lirlt'lll l¡c·r.J. tJ, .. ,l¡,,pllr,·r,l ~Jc-,¡;;n .. E tclt lll!>J,·I l' •• l~ 
•·ll·,.f:¡,·.f 11• r•:,n 111J 1r• llltf'!ic rlr .. Ih \\c'IC: ll"lt"d J¡,,J c .. dlt.!lc•J h) tlrc: rc'•c'.lfLh· 

' 1 ' 1 f1 .. !li,~·L ¡.,\ ... .._fr...' l''-.'llltl ·11~ l('' dr!_¡l¡\1,.' ,¡ lfl'lllr...Jif" uf urh.rrt f••rnl _Jnd llll 

'l''li, • ~ !, ll" • 111.:!~ ''' \\ 1' !ll'-••>..,,1 B~ l<'rlll.i'l lile 'lliolll illllrl JI~>Jd 
l,,l, 11>1. (•. IIIL"(f'I(,.JI"flf!<•'\•:•!I:·,.JIIftc't•"I",.,j,,¡JI,,, 1 ' - -... ... ')"IL'!JI,-.Hll:\1~ 

o 
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..:unlllllllllll ln thl\ "tuJ), '\rrrll.!Jih•ll" tmplr~, J p.111 ·Ltd.:r ~tpprll.rch U\t!lg thc· 
compulcr tu oh!Jrll !lr..: '"lutron fur J 'el ur llr..tlhcnr.llil.d t:qt•.•rmn<; 

In thrs p.rpcr, h..tnJ '>lllll!!.ritom .rre rg•wreJ m rcgJrJ tu 1hc1r LUnl~nt. Jn.J 
unly tho,e st•Jlulr••,n-. !PV<llvtng iltc u~c= of l"tll11fHilcr<>. rn 'l!'C ., ·~ 1>r _,.,,·th..:r. Jr~ 

revtcwed 

One-to-one stmu1Jirt1ns (the ,~con!.! levd uf Jb,u.rcilu'r In F;gur;: 1-~) do 
not dppe.rr very relcvJlll m urb~tn l.rnd-u~c studtes ln SliLh ~ltPuLttruns rcJ!rty ts 

repltc..tto:J, bu~ JI d drfferent s.·Jie lhe Ltnl< tr~rner u~cJ ril flrght trJililng or 
the '.vllld lllnnel te'it!llg of modcls. Jrc essentiJll) unc-to-o>Je o;rnrulattoll\ 

Ob\icusly. :~nalogouo; rnodcls of the ..:rt) woulJ be prvhrbtirve rn CU>t c:ven rf the~ 
were usef'l!tn reseJrch Jnd trJil'tng. \\htch ts most Joub1ful Urhan ~itt •• Jitons 
are t)ptcJll; compettlt\C ones often tnvohtng Cl'nfln:t JrHI ~tress. Jnd refle..:trng 
a co,11ple\ range oi dectsrons mJde by both thc pnv~te :md publr..: <;ectors lknct'. 
garne sunulJtrons appe.n more appropriate. ~nd thrr:e altt•mpls JI develnpmg 
such srmulJttons Jre revtewed rn the follm1mg section. 

Game stmu!.Jtlons mvolve 1!1puts from tt'.tms of p!Jyers wh11 Jet out ceriatn 
dectS!t)n-m:~king roles w¡thtn lhe constr~tnts ofa· set of rules_ By CL'lllr.I>t, :;11-
m:Jchine stmul.ttton, ¡,wohe s:-tmplmgo; frorn pruh.tb!l,ty funct!tlns. :md the 
sarnnleJ v;¡Jucs 3fe the rncuts to the llltldel:: Sume of thcse orub.tblli~tic 

• - L • 

<:pproach·~s lo IJnJ-use moJelrng are also re\ti'\\eJ rn the nnt section 
At the hrghest kvel of Jb~.lr..tctron Jre the lllJthcr•JJitc.rlnllld<:l<; f,lT wh1.h 

tho:: solutrons are d;:r11ed Jn.tly l!~_..tlly. In l..tnJ-use llltldelrng lll..:1C h.tve hc.:n dtffer· 
ent fo1 ms of m..tthernJtical rnuJcls <:mpio) eJ Sorne ha ve lllhli\'CJ set s of 
stmultJneous lme.tr r:qu.!ltons. other lrr.~'Jr pr<:Jgr~unnung fnrmu!.:tions, Jrtd sttll 
othr:rs, nonlrne.n Jrfierr:ntr.:l eqiiJIIclrl<; Jnd rccursive progrJmrnrng The-,e efforts 

:~re also cons:clercd rn 1he fnlhwtnf; ''-'c'tron 
Th.: :mpt)it l'lce uf computer fJ<."tlrtte> vJrre> from Í~;;veltvlcyel In go~nt.: 

SPTil.JIJt!ons, a c.lr:tpu!er typt.:.1ily serve<> JS thr: centr.tl b,tn!-..ct or inf;,rm.ttiL>n 
bJnk .ln·J monrtor<> thc oper.rtrun uf the g_Jil1C In the Crt) l gJIIlC (\\'J,hrngtr1n 
Cente1 for ~lctrop•>lr!Jll StuJres. 1 968). for C\.rmpk Jll !B.\1 !!JO r' lllvtlh.:-J 
·nle J.:>clo!Jill<'rll of suf¡w.trt' for rhe~e ~Jille srndiiJtrtlll<; ts cu,tly, theref·.JTe, 

tb<:rc Jrc hr;;h c"l'lllpuln C'\jk''lSC> llh'olvl't.l rn :he rllllillllg uf thr: ¡;.1'l1C All­
m..~-~·hrnc srllllll.t! r•llh dL'~1c'lld .:vc·n llllllc hcJ\ rl;. llp<>n u>rnpuiL'I f.rLrlrirc<; .md ,a 

the L~l\e of tlhltkl~ 'illch .ro; tlul Jc\elupL·J .1t tllL' Unl\t'r,rt) ul ~tlllh C.n.•lli'J. 
thr:re IS comrtkr..thk r:_,p_..:rhe rllVtlhL·d 111 hr>th pr.,;_:.rJilt.rd.tpl..tlr"n Jnd rllJchllrc' 

run~ 

Thc: 111 tlhc'r!l.llk.d .rll.tl) "':0· llll tlll' lllhc·r h r.ld !J1\11hc• '"lll¡>tlt,•¡' rll .1 k" 
llrlr!lt.rl<? i!lllll:c'r tft111 J,, !he' ,¡r;ttdJihJI1-11l>'dd' J'¡uf>Jc·¡¡¡, o>l •l.rlr,lrL . .f l"'riiiiJ· 
lrur~ . .,f PJI tlllcl•:l> .rnJ ,,.flrtrutl uf L't¡tl.ll'""' u e· <.'.h<l~ pr••;;!.llltllt,•clt"r tht' 
1 lllllfllllt'l. Jr~f¡!J,· IIIIIL .111d c<"h lltl<>h,·J ll,II.J!I~ Jfé rll>l ,¡<; grL".It ,1\ \\llh iht 

'1111l!l dit>ll '>l,•·.!t•_ .. ,._ l:lt~_:c' .. ll!llfl.lll'"'" .lll' rh>lúlllt lii<>I<." ,k! 11l11t thc· ¡,.fl,,wr.t:: 

lc"\1•." t•f'J'c,ilrc lll<~·kl' 



8 

.l!odc/s uf L1rhan !.anJ- Use De' dupntcnr 

Thc lllJJor strue turJI fcJtlli~~ of .J¡ffe·¡cnt IJihl-u'e lllc•dcls Jre br1cny 
rC\Je'\\~d h~low \II,tlun thc frJll'l'lll"¡._ \liSC''''cJ by F¡gurt> 1-2 

Come SnnulaftOIIS 

. By Jefin1llllll. J SllllUIJtlc'O ts JTl :Jttt'mpt 111 ré'pltLJtc orto crcJte a ltkeness 
or're.dtt) But. smc·e the cffort 1s dHectcJ IOII.1rd .'ll unJc¡,lJnJ¡ng ofthe real­
world systrm in qur~tllll1 th<.'r~ ts J!wJy\ sn1nc 'llnpltfteJI1on of reJ!IIy tnvolved 
Orcutt (lgÁ3, p ::!2) hJs 1wtcd th:.~t '\llnuiJtlOn ofa SOLIJI S)\lemmvolves 
budd1ng and operJtlllg J nwdcl dc>~gncd to rcprc<;cnt those feJtures of the system 
wh1ch Jre deemed lo be <>tgnlflc.Hll m vtcw of thc OOJCCitves bch1nd the sunu!J. 
tiOJl •· 

W111t rcgard lo gJme Slmul.!ttons 111 pJrltllliJr Getskr. et al (1962) note that 
thelf purpose is "the study of dé'ctsion rules 111 the co11le\l of a gtvel1 orgal1tza­
tton and CI1Yiro11mcnt" From the po1nt of vtcw of urbJn IJ11d-use modeltng. this 
me.11ls Jl1 emphJs1S 011 the d<?us1on-rmkmg prolc"cs wl11ch deter1111ne the city's 

.la11J-u,c pJttern The comple\tty l'f ~'tgnmg -,uch g,;me 'i111lULtttons for urb.m 
pr<'hiClliS ts obvtuu,. f,H one tl11ng. urhJn IJ11d-u\e pJttcr1h JrC 111 pJrt determtned 
by puhlic 'ector deciSiuns (fur C\~111plc. 111 IJ¡glll'-'} pl~nn1ng, etluc~llon, 
rnunlelpJI scrvJeCS Jnd zon111g) Jl1d J1so by pnvJie -,cctor Jcci'>Íon-, (for exdmple, 
in thc locatro11 and deve1opmcl11 of bu>~nc,\cs JnJ rc,Idcnc<?s Jnd in travel 

pJt tcrm) Furtl1cr. the mter'>cc torJI relJtiomh1ps- for C\"11lp1e, betwecn the 
puhilc JIIU pr11,1IC scctt>rs. b..:t11 ccn cmp1ü) n\ J!lJ wurl-,.l'r' .. 111d oC1\\CCn produc· 
tJv.: Jlil\ltl<:~ Jtc cxcccdmgl} compk\ Jlld hcnle d1fficu11 to untJngle and lo 
Jilow for lll the g:.~me s1rnuiJI!lll1. ~otwith~IJ!ldi!lg thc CPI1ccptu.d prohlcms. the 
:Jc,lgn pr,,blcm'. Jnc.l the h1gh dcl'clopmcnt :.~nd opcrJttng ..:u,ts uf gJrne s1rnula· 
:1ur1'>. '''IIIC notJble progrcs~ lus hccn rnJJc Jlung thc'c hne~ hy JI lcJst three 
gr'''rr., The''>.: Jrc c.lt,cu<;,cd bclow Kibcl ( 1 'J70) h-1\ pru1 1Jcd 3 rnud1 rn0fe 
Lkl.illed .111J lllfUf!liJII\C fC\ICW uf tite !<•plC nf urh.111 gJllllllg 

(;mi(·// !.<Jnd U11• Gull/c.fC/,UG) 1 hl' cfl(l¡(~ JI ~1111<' \l!l,uiJt 1•>11 h,:. thc 
Clllllt'il plt!llllllg dcpJrlmcir t h~1 <: hc<:!l ,J¡ re'l t e'd hy Or AL111 G F ddt ( 1 ')(,)) 
h,,·¡J!ully. thc: 111<•Jd .III"11' for thc dt·ll'i"l'"'c:llt pf .111 urh.i!J ll'lllilllllll!). 
lle 0'11111ll,; \•,ilh ~~~ <lpCII JfL.I 111 llill·.h tlle' l::d h !1'.' ne·.J ,,¡J!y h) thc :;.11:1e' ";"-''J· 

!"r l h·: plt:.·-r•, )1,·~¡¡¡ w!lh \oJLdi.IIII<•Uill\ "' cJjltl ,1 .rnd lile') 111.1) 11\t' tltl\ 
1" lnd 1<>~ l.ud ~r1d tu dc\..:l!ip lile' Jll<'J'l'ilt" tl1c:. Jllllclit't' file' Ill<~tkl.dlP\"'i 
l•·1 r,·,r,l, i•l:.d L"lil!llCfei.d Jr•J ¡¡¡,! J-lrtd dt''.e'lo~p::lc'lll '"i!lt' '>il!'pk lllf'•ll­
''"'l'!JI r,J.,¡¡,¡;, c<•llcl'lllll• 0' 1'·'::0 l!JLiil' .tlld I''II,JIJ·e·, .illl<lflg lhc" \Ce!·•'' .tlld 
;"' 1''"1' '! J''•e'·, lllerlh t11 r•::. f,.¡ :1,_ ,.,,1 .. r ¡:l'llll,,l'.d "'11·" ·\ ""' .1,,.1 "' 
'111 ·11· 11, • 11 ti" h.t,le g.Jrll.: .r..: p•" rhk ( ltldt, 1 '1(,(,) 

L,\:-..D-1 ·~1 1•1 \1 1 (JI'\tl "'r 

Fcldt ( J<)(,)j JJ!IlC'> ,~vcrJI ,¡gn¡f¡,,JJll p(l!JJt\ wdil rc<,p~d lo thi\ gJme 

~ll!lll!Jt wn 

( 1) 

(::!) 

{3) 

Jt IS "ftll~'li.!JltClll Jll\ J LllillillllillLJtlllfl~ dcv!cC IIJICJJJCJ Íor Jll CtlilLJlillrlJI 
mii1cu 11hc1hcr tÍJJt be 111 J f<'lln.d L1J-,-,room or 111 .• llllJ1 pL,nn¡ng 
prJCliCC .. rhc CU!G moJc11S .d¡e'JU)' Wl<.lcly kiWI\Jl 111 buth cdllc.llillflJI 

:llld p1ufc,-,1on.d urclcs In th1s country 
Thc oJmc "e'ncrJ1!' Jlk111S J,n thc Jevclopmcnt of J c!ly of .lppr0\1lllJtc 1 ~ 

"' "' J 250.000 P•JpulJtl<'fl ovcr 25 or so rounds T!w; tJ!.,c~ Jbout 15 to :o lw:·1~. 
mclud¡ng llbt!Uc'l10n l11llC But. bcy<llld th1S the OJ)l'1,1l1llfl of the s.!lll(.> 
beco me~ tou J\1 l-,.\vJrJ 111 terms of the Jmount of wf<HillJ!Ion to be 
pr0ccs-;ed As rcpnrtcd to d:.~tc. this game stmu!Jtllm hJs not mJdc mu,h use 
of w 1nputer~ the CITY 1 gJme reportee.! on below ts m rnJny resp<'d~ a 

computcwec.l lcrston ofCLUG 
An Jltempt to modtfy the nwckl tu ftt J rcJI-\\Otld S11LI~tmn. 'pcc·tflcJll) 
Syractl''l', Ncw York re1c,tlcd amo11g other tlungs th.tt "the Sl'Jie ut Jl11cd tn 
the elcln~nt:.~ry vcrston of CLLIG w:.~s too gross to allow for detJt!cd h.t11JI111J 
of pJttc-rns of mtrJurbJ11l.1nd-use dclclopmcnt ·· For C\Jillpk tlw hJst..: 
restdentJJ!untt 111 the eJrl) nwdcl cOIÍ~I,tl'd of 1000 cmplo)Cd pi?l'>cli1S Jnd 

arounJ '4000 totJI popu!Jt 1011 

No rcLcnt lttcrJtllle 011 thts n10dcl secms JVJtlable, prc~unubly. work llll the 

project JS conti11ui11g 

MI:TRO L'rhau Ca111c SlllllilalltJ/1 Tl11s gJillC Slllllll.llicl!ll' dr!Cc'te·J b) Dr 
RtdtJrJ Oti!.,c JIIU lns bcCII d(lci<'pcd 111lh ~uppu11 frurn :\ltchlgJn St.Jic' lln,H'r· 
stty, tite un;\Ci\ll} nf \licllrg.tn. Jlld thc Trt-(Olllll)' Rcg1Uil.II l'l.tll!llllg 
(o 1nnm~IOll (Diil-,.t:, I<J64) The ~.tlll~ simulJ!ton ts J fJ1rly compk\ OIIL' Jild 

IS bJscd on sume c.tJlicr cffoiis 111 tl11s fit:ld by thc \JillC group. Thctr 
lHI· TH oro us 1 \\' .IS ,] h 111 d ~¡ llllliJ t lllll wlllch \\J.\ ~ll h'>l'ljlli' 11 t l) p~ ( 1gr J lllllil'J fw 
a comp11tc'r ,¡<; \//, JR0/'01/S 11 t\11 thre'~ mu<kl.; Jrc t,IIJ.,,L'J tn thc p.illiLlll.rrs 

of tllc lllh.lll ul\11'11lllllt) of 1 .111~111g \l1ch. Jll~ d.tt.I fpr thl'> Lll) .He u,e·d 111 

pro1 ¡Jc lll.tll) uf tlic p.ITJlile'll'f L'~lll11Jtc\. _ 
S<llliC hr1d L<'lllllle'lll' .IIC !IIJdL' Itere 011 ,thrcc fe'Jil!re''> pf tite gJII\t' \ll'lii1J· 

llllll ll.Jllll'i:_. tite' pi!) e'r l\lk\ tlte' l) pe' pj' Jq,Ll'>illll'> \\ llllil JiJIC (U he III.ILk 

JilJ thc 'i'"·"·lc 'l'i.IIIJt ¡iq¡ illt>de·J, \llliclt .tiC !IJ\IlhcJ 
lht' pl.1

1 
,'1\ L ¡,_J¡ IJ.Jie' l\lo• !lile·\ ••lll' .1'> .1 llle'lllhel ,,f .1 )!<l\c'rlllllc'l!l k,illl 

(c1t!Jc·r Le'Jili ,¡ .11)' <'1 ,uh111h <'r urh iliJ/Ill,S 1<'1\Jhillp) .1!'1d thc· lllhc·r t' .1 lllc'lllh?r 
111 ,1 pi<>lc''. 1•'11 ¡J .l'"'ci.tli<'ll le' 1111 (pod!llel,lll\ pl.lllrle'l' J.¡r•d dt'lt'i••J 1l'l\ .111\l 

cdtte.!l!il\) 
Dc'ci'l•'il' J¡ ¡le' !<1 he 111."k ll\ c'.Jeh (e'.llllc<'IILL'IIIIIIS hiid 0'e'(\ 1""'' .111•! 

11 1 . 1 11 lilJ'IIh l•' t11t' '111'111 <11<'11 ill•'dc·l, 111'1• '.l ;l•dilll'\ 1\,,.'\1.,' t ".,'\ !,JIIIJ\ ,(!t 111\)1\1! ¡f 

o 



iO '•.''1'1 Jt.\llO'. Ul l'I:H.\;\ :-li\1 ( ,¡ iU .•• iJI ;~ 

TC\pollhl', lll.ldllL'~'IJ'Itl!IIIL .lolJ de:¡¡••:;, 1\'hl<. !,;fll\\ :h ,111J pi•¡.>UJ tlit•ll J'Jd 

CL't H'• >i diL -fr i .r1 rc•J bl nbu r ron. 

Tlw g.·lllc ~inwl:J!in'l l!•cr .. P'· .: •.. ,·,,·¡:,·,;,l,:C·: uf rCiJiri:.:;Jnd IJH<.:r.Jl:rons 
hulh hL'llh'Lil dre piJycrs ill~i!l·.-1·.~·- :n•: :.,.1,1:.'.":1 ihL' PI.!\CI~ .JI>d rf,e _r• .. ,;'ll'::r. 

o,,!\<.:\ i'iM;) srrcs~(!S !hJI 1hc :J¡p·,; .... r th~ ,\11. 1 R.O p:uJl'L! Jre r0 

(J) Sl!¡IUJJIC gr<)WIIJ pJI!CfllS :hJI \\t1U]d OCLllr Jl.!il!fJI]). and CllJhJc lrélf 

C<lr,··p.iri~un w:rh pl3tl'll'd ~ft>l<th pJttcrns, 

{2) tiJu,lJJtr: 1i1.: i--1nds of IJlfOOIIJ.!IJU,l ''-hich Jrc J\,¡ilJhle !o dcc·is1cn mJl.;ers, 

{3) >Inlll.r'Í:O 1nform dcciSif,IJ illJ~ er~ Jbnut tbc :1r1.dj 1 te Ji re, hn•qu~<; :¡nd .,1nJcls 
lh.ti Jre Jl:•r!Jblc for ev.J!LJJ!!l~g Jnd iPlpkmrnt'Pg. de..:is1un~. and 

(·1) lo !="'-'vtd~ !nforrn.J!Ion ou the tmp!r.:J:JOns for urb..1n de:velopmc:nt of 
::rllern.dJ\'e :Jet ron pro¡!,rarns 

Elll·ir,•nmc/11 ríes !'he OrJgin.tl CJTY ! modei de,·c lop.:d by th;s gro t. p under 
lhe '~Ir•'dl.ln •Jf Dr Pete' Hnust• (W.Dhlng!o!I C~CtdCi f0r .\letcc,Fllitar, S~t.ui1es, 
19Mlj \\J~ a cumputenb:d ver~ion \dli-:h lllC•Jrpor.J!-ed de,n~nts of buth !he ('LlJG 

Jnu \1!-.T kOPOLI':> modei~ Tf¡e pme Sll11'-'l.:ti0n WJ<; prngran•il'l'd for Jr. lBJ'vl 
¡ l JO ,on,purcr Typ1uiiy. JI mvulved n1ne !CJ=-'iS uf fuui ¡,) f 1ve oiJ1ers e3ch 
..:nd thcrc \'ere l\\O m.;1n gr~_,ups m rhq;ome- ihc publtc JnJ th~ p;I\31•-' sec;ors. 
1~1C forJller c0Ti1íDiled 1)¡ a .. bureJlJCTJCy"' CO!¡Ij)TIS!r,g .rn <:Jc,·ted rTlJ)'Or ;,¡nJ 
:wu cll·ltl•.,;!urs anJ 1he dc;J,Jrilll~nt of zu:.;ng hi!,;liWJ)'~. cducJIIon, puhltc 
wwk-; J1Hl ,~fcl). :md f¡nJnce E.ght ol ¡J;e te.;;11s \\ere thcrdJy rep(J'Scnted on 
•ins burc.¡uu~~y. w 1Jtle thc ílin1h rcm:Jimng ICJm fuPL!'oned JS the .. mJss media" 
Ti1c ulhc'r p1.tyc¡; cm thc e.g.lil !CJ'l'~ :md the "mJs:o. II'C,i·J·· teJm funci!O•led 
J'> ti;~ prl\ ~le sclluí 

Tlic puhlrc ~Cc!<H hJd !o wuk out J b;1dge' Jr:d piJn for dt"fcrent Dl!u::::­

>C~l"' JLlii'J!rC\-- fvr "'·'~!lp!c, pr.w1ding fin: .rnJ pol:cc SCIVIC<':> ~nd lH;1!d1nr 
¡,lgil" .. ly'> Jlld 'cltoul<; in ;JdJiltun, thcy :Jctcd 011 requc>IS frurn th..' pm.J!f' ~ 
~c~,_:.;r cc,n._f'r!ling ?CIJl!ng ch.P1gcs etc 

Tht ?Ti•.llc \CCtor co:;ld p11r..ll:J'>C Jm! dc,·clnp prtJ~ertics J:; r'hey :IJL•~e A 
l'l!illlc'f nf tndll-,tr:.d, conuncruJ], JnJ rc,.tkntl.ll J,_\cbpmu::s \',c;c pu,,¡()!~. 
:11d n,IJ oflll,·~e u.~·:ol1cd tCII.lln UCiclo~li'Cill O.:P\IS <;Cf!,JLe ~nJ lrJJ1,f<'ilJIÍOil 

'"" l."L'\, .111d lllconn: 1\ \!CI tli llllc:r·,rc'llTJ1 rc!:JIJOJl> W1:rc· 'fC• if.L•d ,n the 
lHldC! 

·\, 111 11•·: .\tt fRO p!lJjt:d. th.:, ~~~n.p¡!lc'l pitJlJoku ;''"jl'dll•ll~ uf r"p•:I.•IJJtn 

·~hl t..~!! :·''':• ,, .... ,,, :~.~·~.:1~ . ...znJ '':~:~.·~~~ r: .: .~11 J·~ Jtt<•!l~ uf thl''~ \,,Huhk, 

II,L·r~.,· _\ ... ~.rL J il'J;llhlr t~f llitlft.' "uhd:.: P'''":inllflt:' rn tlr·.= ,¡u.Jl·l. ~rhfu~Lng 
'í•• l·l'•ll'\ 111 1 h•l!!!l'.\dl~ ::ll lll .. 'j flnlll flh l.L'ilir.d 1..4HPJ11Ht~r f,,r 1\.'ltt\ 11111 • \Ir 

·· :1 ,!, l•:••li.JJd•~ prup~,..·rtll'"-, .tlhl f,,r \J¡J.t1Ptlh 1n prh..lil~~ p•,fllll., J' ''li.Jit~f \VIIh 

'J .lcL' e'' :h!hh•::~nJoi 
11,,· ·11 ,, .... ,,l,fhL·f¡¡) !,;'•'•e <k\,·j,,¡•·,~h:> Ji,,,":.'lldb,,,,,¡i,·.1¡;,r.:\ 

r!1\. ( 1'! 11 r ••• ,',_! \\IJh.~~ !'rLc•rp•':.Jil"\ ft rd,~,.., r;.:fin•.l'"-'·•;, ;\ n '!• r1 1ln,p k·t 
1! ,, !, , 11 ,J, \\. !·•!)•.d 

l ¡ 

Tht.:~<' :,;.111:<: ·,nnu!JIIum JTC 111>1 ~lfiLIIy lJliJ-u,~ \JJíC:I J,r,n.,; iCLhl'lt¡\IC, 

Üy rhen vc¡y riJitH.:. 111•!) Jn JWI invuh..: .1 ~el u:' .t•.:•h,'lllrliLJl ~olu!t•'P' _,nrj 
dcp,-nJing 10 ~unte C:\tent upun !he llh.:hn . .ti.Jm uf lftL' pi.J}.:r,, rh.::y lll.') ur 111.:y 

¡¡,¡; LI••Ph··'l/...: t.¡llL,,IUil' conccrlllll~ illl: ÍJnoJ-U\0:: flJiierr• nf !he ury Th..:y Jr<.. 
a!l nun7eru-~urn gJrn<.:s, wl11ch lllt.:.JII'> riur _Ihe g.•llh by .~ny "'l~ rc._m d•J .11•1 h,·.•: 
!O be bJIJn-:eJ by the loo>e~ uf J:l\Jih<.:r. .l11d u'rtJIIlly 11: :h.: LJ'e ,,f C!TY 1 gJll, 
Jt ts pu-;:,¡ble íor th.:: pl.1y~rs 10 cn;p/;J<tt:c th~ r,J]~-p1Jytng .• ciJ'/ill~'> \'-'dh'''li 

Jll} f<'J!t:,ll,' '~onc.:rn for tlr.: spJi,JI pJflcrn1ng uf the urh.tn uHnplc\ Bur l!'l' 
pcJ.tgc•gt~Ji V..!lucs uf th.:.;;~ gJm..: ~1111UI.1t:uno; for P·~·IJo y-I<l<~kcr<;, pl.,¡,.¡:r, Jnd 
educJltJ!S c;~nnu! be ;tr::,~cd ~n·Jugh Thcy g1ve .J pi.!Y<'r .1 ''fe..:!'' for ihc 
compk\ll)' ufieiJ!t•nislllps ~~•d d,'CI>tun-rPJklng prc_lC:>.,r~ \\'h1ü1 d¡,r,J!e th~ 
]ded-u'e p:J!!Crn of the ctty 1\lso. 11 would <eem LJIIII~\pt>,;lble to u'e !he·,~ _;JPle 
Simuhiions under TJ1rly v.cll-conrrollcJ rules ro C01htder thc lll'l'IIC',JIIO.J> of 

certc~rn ;~!teril.Jit'e pnl!cJcs JrHJ prt>grJrns DuJ.:e ( 1966) l1;~, no!ed 1h1s P''''Ihlll} 

Wlth rcgJrd tu the MEl RO project. 

J\Jaclune Si'J!ldur•ons 

Stmu!Jtmns 11111..:11 focu~ on whal Jre J<;~un:cJ 10 be fJ'll!,)lll c-r ,'!l.!!fv.· 

elemcnts 111 the Jc·:crilllil.lt!Oil oí urb.r11 IJJIC-u\e p.!llc .. l~ "''' ,omtdt:rcd bc·l·~ 
Th.:se nlllJds trl'·~lht: \:Ifl.;l.Jk'> whos, h..:h,l\ltHS ~~e bc~t dt.:\t:flhcJ b:_., prohJPtli!; 

drslrrbutHlJlS RJnuo,n s:JPlp}·ng'> Jr<' fllJde h) rhc C•>r.lputer lu ~IIIPliJIL' ih<''~ 

probJbtit!] JtqrthitJOris, ,111d ~he ,urt.\H.•n' tu thc mudcl,- .JTI! 1:1:rrr•.''' frum rhe 
b~hJ\ lt1T of thc-,e r.:ndomnu:'Jber~ lt JS he,·:!l"e rh..:,c llhld..:ls '""''!v<.' 111•: us·~ tlf 

nnJ,¡rJ¡ly dw,cn numb.:r~ lll.!l 1h.:) lJ,,vc lll·en ui!L(l ",\1,,:11<: Cr•l•,l" rlh'ilh'tL 
TIJC·r·.: Jrc lhrce qu:dlii:JIIP!'~ \~J¡¡,_h ~lit>uicl b·: f)!Jtie JI llw. pvilli í'he nr~i 

JS J !eclintLJI one ~nd naJ 110t L'<WcCiil u~ fur lh<:r l1 '' tlut ~kili e C'.tdu illclhnds 
1ft' lllll<.h ¡J1UIC ¡;,·perJI Jlld ¡Jllh'Cift!! lll.lll t;lCII ,lppiicJliOTl 111 \l¡i!ld .. dlilg 

prubJh,Jt-.llL pru•.C>,~> (\\lllc'tll'i th.: r<Jic dL':,uiheJ liei•') flnghl StJgg..:sL 
lf.!llllllt.:T\ic'}' Jlltllf.J:JJ\L'li;Jn (J<J(,_J) IIIJÚ lhí> ¡JUIII! \CT}' Lft'Jf ~CL<'::d. •11 <irl' ¡•) 

lJnU-ll'iC !11PU<.'Irng 3 I!UI!lbcr uf othcr n:,Jch!!L' 'lillii!.JI,,,n\ h.IV(.' bcen P'•'P"'~u 
t IJJ 1 Jrc nol properl) ~dJ,,¡ f¡.:J ·" .\!tllliL' C.HI,, m<>dL·l, In 1 Jc 1, B !1.1111> ( l <;(, 1 ) 

hJ' llt•IL'J four ultldiiJon<o. Jll) une 01 uiii!hinJildll' uf tdlkh ¡¡¡.:;Jrt Jll\llf~ thc: 

(I'L' ,¡f,illllll Jli'!Jll<.'clllll~l''é~· 

( 1) J lll.•'lt •. .':'• rf~\ .11 \tlll•r:,lrl 1'\ tllt:'¡•·-.¡f,J,_. ''""'' 1•1~.· 1 ·'' · 11 · \ . ,, · ·!,).,;;. .t•t.' 

Jf)Vt ll\.'L'd 

(2) th,· r,·l¡¡¡,.o¡·llljl\ hL'f•,,,'L'II \111 :h!c·' 111 \~ 1!(11 l.c· \llllj'k l11oc 11 tllll''· 

(.~) iJrL ill<'<kl '' d~!l.lniiL .111d ii!L' llllj'"IIJ::I l.:;·· !lt'l••ll¡; llliL'\,,IIld 

tf) flJ..: j11<lcL''''' llll<lhllJ JIL' \f<o,li.hlic (j'IOJ!-,¡]·,JlhiiL) 

Jk'IL' 11, ,flltlll'\h~ (II'Lll'c (I'I¡,)J I.IJ"{I<I(o 1,\,IJIJ_;\'1 (1'1(,)) IÍIL 

l>ili j) ¡,;,¡_ (' .. ,,., '": {: 1,.,,) 1 ""' ,,._, ( j•)¡,'') ,.J lh.: (;,·:JILI '"' R, ·1 



1? t\1'1'1 1( \ 11()'\ 01 l'IUl \:-.J S 1 Rll('ll/RI >IÜDLI5 

E,¡,,¡,. 111J l ~rt"I.Jil [e!llllllllics ( !1e· 1 1-.c·ky) ( 1 ')(,;'\) t h ll .111 u~~ IIIJclllll<? ~ILillliJt 1011 

l•?elli"'llle''> 
1
e">púully 111 suh111g ''"uf clilf.:re'IILC .:quJ!illll'> to <ihl.llll !Jnd-us~ 

,¡nJ 'e'Llle'd r.li~L'J~t~ Sllrlll' uf thC\l' lllll<kb Jf(' dl',eiJhe·J In the \CLIIOll b.::low 
011 llllilll'IILillcJJ JnJJyses 

The· 1l11rJ quJhficJtiOil '' rh.11 \!unte' CJrlnm<•Jcls repre,.:nt Jll e-;~c1111.dly 
fOil -k1,·f IJ'[llllJch 10 thc stuJy uf prc1hJbdiSIIc ~}~ICIIIS, JI1U .JgJin there dfC 
othu !JIIU-tN ~ruJies, notJbl) by CUitts IIJIII~ (!<)(,8) JnJ thc Arthur O L1ttle 
Co111p.1ny (106(,), thJt de~clop more fllrmJI stochJ,tiC mndel-; ofl.1nd-me · 
pr,,,,.,,e·<; 1 J¡,·o;e Jlso ~vlil be tllc'nltOII~d !Jter 

In the .:u11le\t of ~yste1ns .lnJiyst<; of urbJn !Jnd-use. Monte CJrlo rnoJels 
Jre a"'''tJtcJ cspcLi:~lly WLth thc U11tvcrs1ty of l':orth CJ1nlmil pbn11!llg group 
(Oilllncll;. ct JI, 1964) Thctr moJel s1mubtes the Lom:n,ton ofopcn space into 
rc-,¡Jcllti.d L11H.l u~e. A mJp of thc stuJy Jrt.'J ts dt11JeJ Jnto J l:Jrgc number of 
squ.11c gr1J cclls Jnd for CJLh LCII JVJtLJble fnr Jeleh>p11H?I1t Jri ''JttrJdJvcness 
me.~~ur~" 1~ .::omputcJ A g¡vcn number uf ncw re'iJJ~ntt.d untts hJve lo be 
locJtcJ 1n c,ILh p1cdict1on per~oJ, .1nd the;;c Jrc J~'1gncd tu the d1fferent cells by 
thc thC ofrJndumnumbcrs JnJ pi(,bJhdily functwns wh1ch r~nect thc dl,tflhu­
twn uf Jltr.,.:tJvcnc;;s me.1sures 

Tll!S ~urth CJrOiinJ m,,Jel JS h1ghly JggregJtJve (emphJ<>izmg dcvclopment), 
. nd 11 ,, lc,lrJL'tcJ lo only rcsJdcntJJI bnd use (Jrlsun (1968) h:~s rcvtell.ed 
tht: upcr.llll'Jl"f ,!<;pCdS uf t!Jc lll•'ckf ,!l1J rcpurtcJ llll lhc rcsu]ls of J qucstion­
llJlfC ~Ur\C)' uf 175 p!Jil!llllg JgcnciC'> 111 thc Un1ted StJtes conccrntng lis u;;e 
Prul•knt' lonmcJ !Jrgc wnccrmng J !Jck of staff progrJmmcrs capJble of 
Jd.tpttPg thc moJel Jl!U thc lflJbtllly or unwtff¡ngllc~s lo wllcct the dJta 
rcquJil'd 111 unnput1ng thc JttrJLitll'IIC>~ mc.,,urc, CJrl,un.lll'I\C\Cr. !S opltlllJSI!c 
:~s tu thc ulilll) uf thc moJe:!, Jnd he pw\IJc:~ '>Uilll' méful gtndcl1ncs for its 
adJp!.JIJon 

A \!.lnlc CJrlo JpprO.ILh to prcdJLIJng fu1urc !Jnd-use dJJilges, which !S 
'llllil.!f 111 JI\ dc"gn tu lhe l':orth CllulinJ worf.... hJ~ hcen ll'>cJ by ~1Óml1Jn 
stud) 111g thc e'\p.¡n<;ion of thc rcstckl_li!Jl urh.111 fr~n¡;<: (\1r>~rlil. Jl)(í'i) anJ the 

negr•' ghe·tttl (\1nrrlil, 19CJ5) 

,,,¡,,, •rur¡/ .!naly~n 

\],,,fc-f, cllt¡'l") tllg 'eh of lliJilie 'II.!IJ,.'Ic·r¡¡l,!litlll' th 1! lfé "'he·d :u) Jcl,! 
fllre'c 1 1\ ,¡f·l'·.<>lll'iiliC Jcii\'Jt;, JI! JI 'i!·l-t"c' fe'•l'llll'llll'lll\ for dd'fc·le'lll '"h¡, __ ;,.¡,, 

uf''" el!} JI e l<llhldcrc:J heJ,w 1 he· l) ¡'e'' uf JJ!Jlhc:lll ·i1"d c'<JII.ilillll\ \Jry fr•>lll 
111'"!'! l•• lll•'•t.:l JllJ thL· it:e ;f¡,,f, ,.¡ 11hl I>Jl111;; ',ufllll<>lh 111 tltc-:e· l'l)ll.dlllfl' IIIJ)' 

111•••1'.' :II,;J¡, oil!llc.d ,lilJf:," •ll "liile' f<>rilllll 'llllliiJli<•ll 
fl,, f,, ",f ·'J'I'I"Ilh 1·• lll.rl:c:JI.!I".d ('lcJiLtJLJII .11 fc¡,¡ 111 till' 1,;,_.. ,f 

.,,, ,,, . f, ,, !>, .11 111 \llllclo:l: .1 'L'I ,,¡ .f¡ff<:r¡·lltl d l'<¡ll '''""' ~11,h cqtr!llllll\ 
l • i l f • 1 !1 1 Ji L' ' 1 l e lt JI!:.: e 111 f' J 1 J IL \ "J f \ , !) 1.1 h le ' ,!\ r JIIJc 1 1< 1 f 1\ 11 f f "e' e h JI 1 be ' Jl1 

L.\!':!11 '-.1 !JI\ 1 1 fJI'\11 '\ 1 13 

other va11Jhlc, .111d thc~ lJI1 he ~,dvcJ tu y¡eld '.Jiuc, f,H lhc: '>) >1<.?111 v,u¡,,hk-, l11r 
JilY po111!<; rn tJI!le' 111 ¡f¡~ lulurc (o1 111 lhc P·"') In thc ,,,,IJI 'Lillicl!'>. dJt'fCicll!JJI 
C<.J.ll.IIJ<lll' hJVC hc·en u'c:d 111 \!Ud) 111g pltc'll<li!JéiiJ ~u,h J' popu]Jlt<Jil gruwth 
JilU ch.Jih'C' 111 cJ¡ffcrt:ltl Cllll1llll11L IJfl.lhlc, .!JIU ti 1'> pe·r!Lqh IH>t ~lllpri'lllg tltJl 
Jttcmpl'ill.J\C hcc:ll 1l1.1tk !tJ ,trliLiilf<' dil.fciCIItJ.tl cquJI:<•il) fur tht: piCdJell<'il 

of urbJn ]Jnd-u-,e levcls 
The bc~l dc1Lllll1l'lltcJ JllC!npt Jlu11g tlll'~c lllll'~ "·'' 1hc \\urf.. dune un tite 

POLII\IETI\IC JlHlLkl 111 B<J~ton Th1' lll!ldl'l 1d11ch h.1~ ,tncc becn dJ~CJJclcd b) 
lhc Bu,ton gJoup h.t'> hccn JcsLJJhc:J hy 111\111 JnJ IklllJ ( 1965) 

"B.i\lCJII)'. 1tJS Ul111p1l~CJ of J 'CfiC\ uf Jlpfl]!llC.II dilfercntul equJIIPJl<; nf 

the followmg form· 

where 

= numbcr of thc locJtcJ VJrJ.Jhlc (1 = l. 2,. .1. .N) 
Q = numher of thc subrcgton (Q = 1. 2 .. . 2. p . . L). 

SLiteJ m worJ'i the JJte of ch.lllgc owr lllllC r of JLltl H~ 1 111 sub1egtun ~ 1s J 
fun(.IJOI10f the prc~l'J!Ilevel of the JLlll'tly 111 subrt:gll~J1 C. (R,~). plus .1 runcflllJl 
of Jllmovcmcnts of the Jcttv!ly 1 frc1lll ,¡]] uth,·r ,ubrcgiLlllS p 111tu subJCgi<Jll' Q. 

(t 
p = 1 

llllllll<; all Jllll\CillCIIIS of thJI Jl'lll'lly 1 frulll the suhrq;t<1ll C Ullt lo ,J]J othcr Sllb· 

rcgJü!1S 

fftc,.: 111- Jild tlii!·JJII'IL'IIle'llh ,lle' e ¡lk,f lll-llll~l.Jll!>ll\ Jllci<>tlf-llll,;t.lfi<•IJ', 
')!Jh 1!1•' 1.:1 lf'f'• 1" !<> h•\c'l>c'eii•IJ,,.JI,fc,fl.,i;:c1~ l>e',,IJI'c'<>f J'll•i>lcill' 

Jllhc·il'lll Jll tlll ciJlt ll'ljiiJieillcllh (11\1111 1111ffl1 ,¡,,f J>l¡.~) lite· IIJ!lii\ llf 111· llh 

lllll-llll':I.IIJ•'II\ 11f1iciJ h \U~·~:e'\le',f (¡) lfle' Jll•••kJ J1il',IJIII .f•J) lll'tdd 1111••1\c• 
L'~IIL'~ll:'f\ J¡IIJcllif-e,liili.JII<•IIJ'IllhkrJI\ ffte· llllldel ,liJ'"'·fl'e'lllf) \1,1' illl•dJiic'd 
h\ tite.'!)~ h1.11 11.: V.dk) ~1 1111111.; ( •lllll>li"l''" 1 C.,c·l,l:, 1 1 1 'lr,'l) ·''lile' b 1''' ,>( 

rl-llll re .,,¡..1"1.1). u:.ll',,!ll'l''~dllll ¡_,: ,,,, Jll••ll ,td>:J:···' J, ''"' 111 lhe'\L' le''''""' !he· 
J 1 IIL j ( Jll 1 1! r l' 1 1 ! l1 11\ ~1..11 1\\ \\. 1 '\ \\1 !l, \ 1,. 1 .11 j \l' ll 



¡.~ 

.\\Jdt..' fr1111l d~.-u;;c •.Jf ,!~(f\.'rlloii,,J t._'\~lL.lt\ifh '1' ~"L'.3~t..f l1 .. 11:~c·'). ~)'JL'r tune, 
:+.,·l'llLl'l!i l !.:.W m•·•;c'l "·'' ··w" ,l~··· .11\:l!i,ll\•' rnr:s Jlk:11p\:- !o: ll.uHJic 
"'"'lrrr,·.rr rc•l.ri~<lr:,h;p-. H) ,, !: ' '· ,.-.,,! t•fl!ll: ul!,,· wcll-1-.ntJ"Il !JnJ-u'ie 

111••,!c•b ,k.d \\11:1 ~illc.JI , •. 1,,:;"'' :,.p, •IÍ!c':l ii• 1:12 furm uf nnrlil¡'k-r..:'-:r.:\'.1~111 
C'<.¡ll.llh>m Tiic' E\lf'IRl(' n:n~:d J~,,·J,'pc.J fur 1il.:: f3,,,tun .n.:o.l Iilu~Ir .. dC'~ lhrs 
;:'Piill. 1111> 1 • h lcJ.•J .J¡~! Íol);ll '' itc•, bc'í \\ : -'il t'L' fl,• 1" L L': pt• ( Cr !Oí '.'fc•J í uruJIJ/1'5 

(spe.!flc !l!) \.i1iH>-co!!Jr ,"ld t·it"'-ct'IL!I P•'í''liJtl\J". r~t.IIÍ JnÚ \d1c•:c ... de 
employm~n! m .• nt~fJ,ItHI.l[ cn·p!•') Ptenl Ji! uther ernpl<J)'!lll'rrt. t:1t~l re~tdent 
ptlplllJiH'll. 'O! JI emploJ). men!! !l-.rl .tr~.· 10 b.: pr •?J1deJ for cJ,·h ~uhrcgiun in the 
.:11y Jn.J 1h.: pr.:didor or lo!ct,Jr luiii:Mcs (n:.~rPdy. ::'t.'I!SJIJCScll'lJnJ use. Jt:to-
111\>fJik .!'aJ lrJn~a: :H:ce;sibi!itt<:'>. qu.dll} of\\,!'<:r Jnd srwJgc-Jt~pu'-11 sys·enH) 
Tia' n~,,,¡,.¡ !S h.Jsc·d un thc nolhlr· tf1.1t "the Lh.m;;:·~ 111 11..: ~uhregJonJi sh:•¡e 
of hlcJIL'd \JfJJbk Í in SUÍJr~;;inn \' 1> prnp•Hl10ll.J! [() ( l) thc d1Jnge in the sub­
r~~J<IIl.Jl \lJJre t•f JJJ olher !,h'JfCd \;n,JbJc-; 111 subrc¡;Jlll1 Q, (:?)!he change m 

:he ~uhtc'~'"n"! ;;bJrc o! a nu:nhcr Jf lu.:.I!Oi ·¡~r~ .. ~le·, ;;1 ;uhre,;¡nn C, Ji~d (31 
th.: JOS 011u:c \_fu,, of lhe ;uhrét'll'll-il )1Jr.:s of ._,:11·:1 !~>.-:Jtf,r VJ~I:lbie; .. (lrwin 
Jr:J S:J;:J_ !W1S) 

!u ~C}I'If•,)l¡ f1lr!l1, rile r ~,.kl~.; 

.11 

D.R = '\"" a ~\R + 
1 .I_.J ;¡ J 

.''".:'J 

! f i 

6.R -- d:.mgc illlolJteJ ~.ari.:h!c (1,; = 1, ::', .!V) 
zz = V,JIII•' ,lf k!h loc.tlll! 1¿, oJhJ.:: ... , \IJ!l of ;,)¡,'.:,].,[ ~o.'fJ('J 
!17 "eh'"..;' 111 ioc.Jt<·r ·, ... ;_,hle 

_,n,¡ a.
1 

:111d h
1
Á .Jfe coefftU .. 'Jll\ ~ ,:¡:tl.!ICJ fr,;tll dJ, 1 i'o: 1 1))0 JllÚ j_f)(,Q 

Th,·rc "IIJJC <uch eqtuliun for CJcli ¡,,c.tlc·J · •. J[,,Ji>k-.~nd "illl' c•¡ll.llild1S Jrl! 

thc'd '" c\ltoiJ Ji.: ft!lt•rc ~~~~~..:~•··11.d ,¡¡_orr; of C.ich lu·:-~oi,·d v .r\~tl;lc h} ,¡:lhllllllmg 

IiJlP ~.J,IJ :qrltliu.J th~ pcrlllh',l •.Jiu.:, pf th.: '"'·"''r • .Jti.:l'k' irH lhc ,¡¡hrtgJon 
111d ~~·!1"·~ ,f.._. ··quJIH>'l\ \lllllill.,q'-'<'ti'l) fur thc· .>,l•icl:: ... :.d lu,.ll•.'.J'IJ,;,hic~" 
i 11111 il• ·:,.J :•.llf.m<o.JJ:. !')(·:'i) -1 hv...: •Ít.trc~ .!!<' ·1:<', C·'IJ\c'r:c·d :11"' ,h,,,¡futc 
l..:·.cf, ift ". '¡ l.•ul!¡pflcJih¡n ft) tJ:.: t'\••<,:c'JIOid'~~ ,],_l,'loloÍIICJ '"llill•i k'>th for• 
e' 1 j, ·•! t! ! ·, "' ,j V.JII,Jhk, 

ILc.. 1 '-11'1!-'lt zntlJl'i ,, ·~r· :.~~~~., .. ,I.JJhJ "~.•r·c...nlh thl'tt r(, Pt\'Jc.. .. t!Pn 

trtd tlt d_. 1~ '.(tlfl d \'di :~t ··~.:-h.: .q•J'l't•l Íttr,l 1 ~._'r lll•tlfll.i l'll~·, 
\·¡,.IJ, j ! ' '' .¡ •' •,! j JJI\Ili•;¡p~ \L'i, t>J 1 JII,Ji: <J.\}\ t!JL l•f!L' 

15 

Jcvo:!Pj'c·.J ]l) j ll\\J]' ( !'1(,.1) l ]¡¡, ill\llk! d•C~ Jtl itl.'f,IIIVl' jH•kL'JI;¡~ !ll Íotl!c.l'l 

thc ~pJir.d J:~trJhHtJ,Jí1 Llr :J••jlld.Jt,.>n .and .:mpl.•yrn·:nt 111 ..1 uty g,vcn ~n 
evlgCnl'II'ÍY tklcrnuncd l•.\l:lof h..:\IL cmplt•ym..:nl. :h.:l :~. c:n;,loym..::ll !11 

"c\p••'t" mJu~.i'II!S wh.ch "Jrc rl'!Jit\Cly un•_.,,,¡,Jr.o~n•>l 111 !'" ri -.. t: 'el, ,,,.n by 

prohlcms of .lcCi'SS to ~oc:J! JI1Jrkcts •· 

Thc L<'WJY muJei c•_I,J•,¡•;i; <:f :1Joh.! struLI~HJl cc.¡u.•!J<llh wh1cl1 gcnciJ!t.! r.:: Jd 

ClllpJo:'<lll'J1( .l!lJ 'lllillb.!r of it<JI''ifiJ•.liJ::; 111 :he Lll)', ,¡])()e .Ji.::! h~_,c lOlJ)'i J!il<)llg 

thc ~uln,'SH>n~ nt' thc cl!y by use o; fc¡ndrvns tn 11h1lh .t .. 'C.C'í,Jbil•~y md~cc,; 
..!ppCJf, J'1J l\)111!JUIC liJe ~JllOUJl! of JJt1J f~Ci'JIICÚ r .. H r~t.'IIL'<;t.JhiJ,illllCill~ Íí1 

e:ach ~ubrcgron_ · 

The Lowry moJel WJ~ u<:1cloped LHJgJIJ .. dly fo1 PJIL>burgh. Jnd ~!!hl'qu•:IUI¡ 

:t appc:ns to lJJve been aJJptell tu the necJs uf other groupo;. pJr!:culJily the 
B.1y Area Smwlation Stucty (Cent·~r for ReJl Estate and UrbJ!l Econormcs. i963 
G.mn Jn.J R0gcrs (JCJ66) h.1vc :.llscússcd pos,;1blc Jltt:lnJIJie formuht1ons of 
lhe modcl1n lll.llfl\ :¡JgebrJ h:r:ns. wl1':~~ Crc.: 11L' ( 1 CJ64) hJs Je~·.:Jo 1ll'd J ttr;lc­
or:·?nlcJ 1ersion of the modL'I CrL'<:Jne's \1ork :.app1rently 1,,¡<, plu,np:cJ by 
dJSSJIJ<;Í:.acltOn \l':th tlH<'•?ofthc chJrJ.:IcrJSllcs,,fthe L011ry model F1rst.the 
Oflf,lll:ilnlOdCIJS ,t ,(dt¡c-cqéll]¡!\¡¡¡:¡p Cli1C J!<..i J\SUf'lC'S t!J.!t, In 3P)' ;.:.HIICUIJr 

foreL .• ~t p.:riod, ;¡JJ rctJ:l .:stJül:~iJll!L''liS .1nd h~u;clw!Js Ll'l mo1c Scc•lntl. lh~ 

hcHtscl,J,o!ds m ihe mo•icl Jíe thll .J¡i'fe¡,:rHrJtcti b~ l] pe. Jnd fut·!: 1y, ti·<.: ,.;,,Jci 
rebles lo J ''rcg¡on" r~thcr thcn 10 rhc PJii!CttlJr bth!IJdJCICS cf J c:.ty in 

('·eunc's TOll.l\lnluLkL thcr..:~o•e. only J por!JO'I of thc est.:bJ,,J>:n.:n:s .t·ld 
·hou>cholds l'Jil lllO'If: l:l Jny iiPIC P•'flüd, hnu: .. ·hclid: .1!•:' !.ltffer,·n!JJII:d r·y 
m..:ome, h.Hl>Jng ~rrJ soc:1.1l ci!JfJCierJ'Iiv; JnJ c'iy Ct:l·~t!<; t~Jc·:s ,r•: u:.c,l J'i the 
~f'~.llllnlh fnr fuJeC.i\IJng \LP1) nf 1he •'quJII<'·1~. 111 ¡]¡,• Illl'Úci PtlW beuoonc 
cJ¡fft'íl'tH.c cquJtlnns rL·i..·f111g t1h~ ~c.:~..c1" L1t o:,·~· tl~ll·~ pc11dd ru !hP~""~ t•f the 
jJfCV!OUS (J1~1C' í'•?nnrf, 

Thcre Jrc uiher lll('Jcls Jll"·iv111~ ~<:!s oi ·:'"t!.'!llli'' \l'!licli 'li!0Jll t:'t: cltrd 
'n1c AéliVII•cs ,\lh<..t!J<Jn JrtCL~C; JC\clof>e,i b:,. liJe i),-b·V.IiC V.ll!ry Rc;;J••Il.d 
i'l.an•Jlns Comm:-o,Jnn'(ScJdnt.tll, 1 <)(¡.f), for C\Jrnplc, .IL'll•Jil)' illVtl!vcs J ~ct Llf 

s•:·.,·;, ~ui->nH>Jcls 'dudi Jfl' run o;cq•·Cnll dl; f<H fi,c-y.: JI rccur,l<>•1 per¡ ... J, ,-.. H 

till' Jllrt<' cülloll}' í'llll.JikJpl1iJ rq_~ll)Jl 

ln .1ll ,,f tlte .1h<J\C modc·k \•.·li.:thcr tl•C') Jrt: ltnc•.·r •Jf l!ord·n:.!r 111 f .. ;,,¡ .tn.J 

wh.:lher lh~y .nc <ool,c·J II~L!It'<c'l) 111 Jlfi\L' .1: .111 cqu:!Jh:ut'J ~J!U.Jilun .11 

f\'Llll\1\dy ti> rtlljL'd i)l\' .1111<•<1!11 of 1 !J.lli:O:l' L>ccllffill:O: olli!Jc• Íli!UIC !Jl<.:IL' 1\ llll 

é\pli< il llllhl,kr.Jil11il l•f ,Jfl ll<'c't.tflt>hj'.',ilh' fllllciiPi\ ltl<l f<.'f.JIL'd c<llhil 'lllf-. .11" 1 

lhc 1~ pe'\ .,f '1l11111JIJVC \<•ILlt<'lh \\!¡¡,f¡ tite·,,· f,•_,¡q¡,·, ll<•tdd \ll~~:;c·,l 'lite·.,· lt.i\ 

hL'c'il .tllt'illpl' h!i\\t'\c'f, 1., \llllcltlic' ln'illl I!Jic' lll<••k!-. t>l loth.111 fp;J ¡,,,. b) >1 •. 

oi JJJ.Iihvrn.t'¡ k ti!''""' llilltlli::; lc.IJrllqttc'\ 

l'c•tlJ qh llk' lh•,, 1-.n•>'\11 •·1 tltc'"' .t\1•'111¡>1\ 1' lhc·lkthc·ri-~1''\cfl' ll'•l•lll 

n:••,kl -,,11, IJ¡.,>I • .:· .J IIJk',lf i''":O:I':.'oll 111 1\likh ltl>li'L'flool,l ... 11<.' Jr,JIIbilll'J 
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'ip.1:1 illj so JS 10 lllJ\IlloJil' lhc Jggrq;.11c "rc·nl-pJylng Jbil11y." The ohJCCiive 
fllllcll\lll for thc nwdel IS 

111J\ z = .2: ¿ ¿ x~h (blh- ~~>. 
k h 

l = JggregJIC rcnl-pJ) 111g Jbt!Jiy 
k = sub~cnpt for reg1ons 

i = subs.::r1pt for hnusclwld groups or types 

h = subscript for resJJcnliJ! bundle' or paLkagcs of chJracteristics 
x = solu!Jon variJh!c for numbcr of households 
b = lhc residentiJI budgct (mdudmg lrJnsporiJIJon) 
e = annual resideniiJl cost. exclum·e of s1tc cost. 

TI1~ ~O]UI!On WJS SUbjCCt lO tfllCC COllSiraints: 

L:L: 
h 

"\IIC ~rCJ 

/. = !.111J JfCJ JVJJ!Jhtc for fl.'\!tlc!lll.d ll'C 
\' 

7 C\•l;•.lll;US lllllllhc·r uf ht•ll\t:!•t>l,J'i 111 be loc.ltCd 

(1) 

(2) 

(3) 

\\111 111) l.nCJf proe:rllll!ldll:,: ¡•Jiill•"l 1\hL'IC llJ.: ¡'1111 d p111hk1,J IJ\\'<•Jh~ 
'· ·1"'1/lloJ•ll thcrc is J d11 d pt.,hf._,.¡,,f 11111111111/ illllll In llil> ,·,I,L'. 11 l\ lt>lJl 

:· 1:: c<~\1\ \dliCh Jf(' llll!lll'"/l'•j 
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rt:!-.ldu.tls ~VJ1l.1bk for !JrHI rcnt B111. m fx1.1h1~ solu11on pruv'cd l:!Lhnc. ~r¡J 

sub,cqucnl moddlutJoll> uf thc muJcl ~ought only to lllJ\Itlli/C thc "b1J rcnt.'' 
dcfineJ J~ "J bttdgcl fC\tohJJlcovc1111g thc cnt nc rcs1Jcnll:.d p.!LkJge of '>IIC 
anJ struclurc (bul 11•Jtlhe L0\1 uf lrJihpur!JIIun) ·· (lowry, 1961-l) BclJIISC uf 
lhc Jct.idcJ J.1IJ requHCT!IC'its uf thl> lllllllel. fc\c p!Jnn1ng :1gcncié~ h.l'vl' .1ppliL-.~ 
11 111 prJL'Itc~ (llcmmcn~. 1968). 

LmeJr progr J mimng J ];,) JlJ'i he en u sed m lhe Sout hcJslern W1~cumm 
Rcg10nJl P!Jnn1ng Comm1~~1on {SL\\'RPC) L1nJ-Usc SmJUI:ttlún i\lodcl 
(SouthcJstern Wbcomm RcglonJII'I.Innlng CommiSSIOn, I<Jú6) In thc rc,ldc·ntiJl 
and tndtblfiJ! scct0rs oftlllS mude!. llncJr progrJms Jrc formulJicJ thJt p1''.,1Jc 
for lhc minlll1I7JIIon of!Jnd-dc\clopmcnl costs In Jcl,diiion, lhe rcs1dent1JI 

1 
!:JnJ-dcvclopmcnl procc~s mcr 11n1c 1s IJJndkJ by wJy of rccurs1ve IIncJr 
progrJmmmg. in wh1Lh lhc solut1on ofa program for one t11nc penoJ prm1Jc'i 
the pJrJmclers for lhc >llCCCl'dlng IJneJr progrJm (Sch!Jgcr, 1966) Hnu,1ng 
dcrnJnd 1s lhus JllcJwcd to builJ up ovcr tune. 

In 11s early work on lhc !Jnd-usc dcs1gn moJel (Js dl>lmct from lhc !JnJ-use 
Jnd economic simulJIJon slud1cs). lhc SE\\'RPC group cont.::~pl.11cd thc use uf 
hneJr Jnd dynJmic progrJlllllllng Howcver, thc~e cfforls hJvc g1ven WJY 10 J 

moJel bJsed on Jn JlterriJitvc furm of ll1Jihc111JIICJ! JnJlysis. hncJr g,rJph 
lhcory. (Sou1hc.1slet n \V¡sconstn Reglo tul P!Jnnmg Commtss1on. 196¡:;) 

For complclcnc;;s 011.: JPJ'Ill.tch lo lhe m.tlhemJIK.tl ll1cldcl111g of urh 1'' 
Jand-use syslem'i 1s meniiL'IICd h(1cny This uwolvcs the fnrmu!JIIon of ''ll,h.t,llc 
modcls, lhJt 1s. modcls of pruhJhllütic pr~cesses operalmg over time As p.11t 
of-1-he~Sa¡:¡.,F.ranusco CRP stuJy. J M,1rJ...ov ch.tlll an.dys1s of lhe dclerlllrJllun of 
housiL]g LIIIIIS \\'JS undl'II.IJ...c·n (\\'cll.fc._I<Jó7) Thc st.tks uf lhc mndcl wcrc 
d1ffercn1 kveb uf hou,1ng qu.tl1ty. JnJ 1~1crc wcrc. lrJIISIIton pr<lb.lhiliiiL'S fur lhe 

\ 
muvcmcnls from one_~IJic to Jlluthcr Dc~\IILHJitoll w.1s Jn .th;;orb111g 'l.tll', 
and lhc bc:h.1~10r of the 'ys!cm ~l\Cr tuPe wl~,t1 rc~pcct to \hls ~l.llc cotdd he: 
sluJ¡cd 

HJrlls lJ9(,S) ]u<, outll!led J more gcncr:~l ~~lllh.1<;t 1c mndc:l fur fl''ldCiiiiJI 
dc:Vch1pmcnt A p.nccl o( l.1nd 111.1)' be uc\clup.:d\¡r urHJc;vclop.:J, :u1d g11L'll 111 
pJrLcls uf !Jnd. lh,·rc .He !hu~ 2111 \IJics of d,•vc·ln¡~\lCIII fuc,thc wh"k .111?.1 Tl1·· 
m"del1s scnH-\lJrJ...I•\1.111 111 lhc \CII\C: 1h.1t lhcrc 1\ J \\.llltug ll!lll' 111 11 ·l·lf J 
rJ11Jom v.HI.IIl' J~'""·ttcd \\ 11h !he tiiOvC fru111 une ~t~ll' In Jll<>lhl·r JI.!Prr 
fCLl'llll). !3\IUIIIC ( ]'1(¡')) h.l\ \ll~6•.',1l'J thc: li'C <lf J ILII~\IIIIlll fll<>h.thJlll) 111.11'1\ 
111 LlliiJIIIlLilllll \\llh lc'~ll''\1•'11 c'qitll!l'll\ J\ .1 llll'.lll\ nf .J!{llc.IIIIIS 1.111<'-'lcC 
Jc:vc:h>Jlll'cill Fur l' tch "JI .1:c· 1 ,,¡" tllc' Lll). lc'~IC:\\h'll lli.il), ,,.,)le· le! C\ll.l11:,·, of 
lhc: k\CJ\ llllll'\L cllll\llilcll"ll .\¡,, Jcti\O:J fo•r C.tLh \llh.ltl:.l l\ .1 ll• 1111\ ,,f 
lrJll\llltlll ptob.lhilllll'\ dncllhtll;; lh,· eh ll•~l· ,,,,·r lltlh: frt>III<•IIO: l.111ol·II'L' 1) 1~ 

1<> ,lfllllho 1 he rc;;ll'\'1"11 ,·.!¡:,111<'' .lll' lilfllhll.c'J \\'llh lllc\L pt•>h 1hd1l1L'' 
1•> llll'dlcl IJ¡,· flllilll i.lllcl-ihl' \lfilcllrt~· llf thL· \llh.trl'.l 
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Ou:r,¡, ra¡1.'Í< { of l.anJ- ['se .\f,¡J,·fs 

Thc hi'h'r'\' Gf lt,. ·Jq~. :t~·-' ',e! ·H~ ... ~~...,i :!'h.Ht :...~r-J d:'..t:!Ppi:J-Lnl is Ct;tnp .. H­

JII\.:1) ,J,.,rt, n:.J\t of tl1c ,·f!u¡;,; ::;.,:ng hcr:1: :n.H!.: in th~ LIIJ;~ni d,•l·Jdc. \lll~t 
uf thr: r:,,d,:], re\i~\,'CU JhoH'. il.cn .. rrc e~'c¡¡t,~ll) f,rst-1rr SClllild-g,·ncrJiron 

nw,J,:I, JnJ 1he ll'chnic"Jl f::Jtur,·~ Jild :.h<'!t':''i>IIngs of thc •noJr:.'ls .n.: no1 yet 
dl'c'lllliL'id.:OJ 111 •nuLh dctJil Rut th~rc Jíe fi•.e L!J:rr.!ctuistl.:~ wh:L·h cJn be noted, 
S! JI i 11•g \\ ¡¡¡, cnmp•1tcr- ~y·;tf'nt rc'qu1rcmct.ts. 

Ci.nnptil• r-5_1·srcm Rcqtllrt:lliCIIi~ ·\ rell~il! SUf\e} by ilcrnmen> (1968) h JS 

pro\idcJ ~~~me v,rlu,¡bfe inform:ttion on th1s p•11tll As p.1rt of a quc~tionnJiro:: 
surw: of l:J¡g~ piJnning Jg•?lh'!CS. !he cxtcr.t Jnd level of computcr use WJS 

prnb·~d. Bcrnmens rcports th3l 

"\lü~t of thc ,,gcnt~cs wh1•.h rcportcd their COitlp.rter uo;Jge utrlia more ih:1n one 

cornpur-r '}si<' m. Typrc.tliy, thr:y u<e ~ sm.1ll com~nrtn wh1ch :s opL'fJt.:•1 by thc 
:::;cn.:y 1'<,·!f or by ..tnoth.-r p~•hl1c ::~g.:n~y, Jnd !hcy rent lll'tc on :¡ lJrgc ~omrutcr 
f;orn 1 '"''.ce bur~.~u or oi lr< r vcn.i"r" 

fhc relr:JikC u pon scrv1u:: bur.:..rus JS more pronounced ~~~ the case of those 
<J¡:<'n•·l.:\ hl'J\:!) lllllllll•;¡cJ tu l.md-use fore.:.rstrng b) use of the mJthcmJt:cal 

Jllí.IUel; úh.:u~,cu Jbovc. Thc BJy t\r ~J T r Jmpnr: JI 10tl Comnm'>IOil rn.,dels J re to 

operJte on" CDC 3800 computer w1th 65K rn.:nwr). the Dcl:mJrc V Jllcy RPC 
moJd, .mJ thL' Bo~Jun E\ll'lRIC mude] rcquue IB\1 70')4 or equivalcnt 

CJpJhil:t}. the SE\\'IÜ'C 1JnJ-use s¡¡;¡:riJII<'il w:J' orl~d1J11y pn1grJmmed only for 
Jll 1~\! 1 (,~o. hut thr: IJIL:r mndds .rrc. Je,igncJ ior 1he lB\1 3(,Q ~ystem 

f:t\Cr' the Lornplcxity of thc Slll1UIJttons \',h1ch 111J)i be 111\•.11\cJ :md.'or tire 
LHg.: 1't1111111lr of :nultJplc-rcgre~~ion ey,u:rti.lnS \\ h1ch lllJ,Y hJI't: to be \olvcd. 
Jt ;~ ck.rr th.tt ihe use of sopht\lll<~tcd 1.mJ-u,c f.He,·,:,:lllg n:nJ.:-Is \• ril requ11 · 

:JCd'" '" Llllllplllers ofat leJ'>l thc !13~1 70')0 s.:-r1e~ leve] Jnd. lflt:rl'.r-;rngly, of tl,.: 
3(,0 \c'rr.:' kv.:! Even allowtng for :JCCe\\ lo ~dd1 computcr fJLiht,JCS, the 
op.·r~llng ,mt~ ofthe~c Jll•ldch Jre h1gh The m.:tr"ruli;~11od~l. for i!\Jillpli. 
rrq:rlft:'. llll'll' thJn 15 llllfHJlC> of lB\! 7tJ•JO 1 IPie ¡'_Sr llille p.:r1uJ. wh1k tlv 
.¡LIIV!llt'' .dlllc,IIJon moJ.::J tlf thc D.:l.l\\JIC Rl'(' rl'<JiiiTC\ .1~ 111' c 1t .:, )Q-

Ifrrlllltc' llf IB\1 70'J-t !11 1.: for unr: run (Ll•nh, llJú7) 

,-!¡• ,, •'J/i"ll frubh·,ll:. In n:,,,¡ uf tlrc· 111h.111 l.rml-tí·.c \IJJdl•:, lhl'rt.: Jrc at 

k,,¡ lllf•.'< (,,,111\0( J~g¡.::~ll•>il (ll"hklll\ 1•.h•eh h.J\t:-11' ¡,,. IL''''h.:J 

·¡ hl' liT '1 r' 1 he le •d uf 'P·' t r.tl .1 <'!:: 1 ,·g.rt: • •11. '\\ In, 11 h 1' 1" Jp \' 1! h 1 he 
•1, .r ': ,.: d'r•:;l•lll\ ''llil¡HI\Iflt! th,· e'l) ftlf \dllelt f,JI<', hl\ lfl' lo hl' lli.ldt' 

1 J\'.:> "' ¡, ', '!'""·'¡ .llt.d)"' "' tlrc·l'ltl·.hul;;h d.ri.i the·J (,'()"llc'-\cjll!te-nnlc 
Ir •·" r!., 1 '.11'!1<'1< ili"<kl "'lile' '>lh.:r ~t.rlhl. \\ ,, 1<' I•:J "ilb'" di¡ fnr ~·) 

')·,.... . '·l'J1.. t...lllll:gllk· Bl,,t,Jn r,~l(Jfl.lítd l.i!~..·r fur !2~.1nd 1 ~~ 't!Jh-

\ • •• 1 ,_¡ \ 1 1 • ; 1 1 { } 1' \11 \ 1 

rcgr.Hl> In lhc C()lllc\l ofc~tl,>:.ding 1 •c~r.JI.rctcr>.JitJ .lrr.r!)l"•:: rcl·i•••P,lllp' •. ¡h¡­

JL'Lhi<Hl J\ !O lhc IC\d nf )rJtl.tl .ll~.;·q; .. t!un 1~ nut Ulllll1¡:'l)f[.ITj( !t IS clt'.IL f(,; 
e\dlnpie thJt p.tr.1llh.~!cr C\lllliJ~L':. Ít'~r t)Jh.· lr·\cl nf J_;gícgJ[J 1)il \VIfi nnt be 
Jpplk·.lb!e JI .Jr1r:lhcr JnrJ CU!'>Ct¡li•'Jlti:·. ill.tll)' CO!llpUI.!l!:•llS wdi hJVC lO he 
íCpcJtcd 1f fc>rc,.J:>ts ~rt r.:quir~J fnr thc'e di!'ícrcl'l kvcls ·\g 1111 rci,¡r,,,,,,hrp, 

wlneh h•1ld J! onc lC\r~lrnJ\ ~01 h,· J' \l¿ndi-.~Pl JI "ll•Jt!J,~r Th1~ WJi Jp¡l.lfC'Ill 
;n somc ofthe ,cnsriJVIty J!Lli}\CS :m tire [\lPIRiC mthkl (!rwm :¡q·J Er~nd. 

!965). Thesc kmJs of consi·J~rJtions. \\hi..:h 111 <.lnc ~nse Jre problcms nf ~pJt•3l 
filterrng Jrc Ul'>lll~scd !ll the spJti:d-;,tJI!Sit.:s illerJtllr~ (K•ng 1063), ,tl'd 'll th<:: 
st~teiiiC.rts on eculO;,'iCJ! f.dlJ.:t~s lil thco·y Cülbtru..:tllln (Gnod1r . .m, l 959) 

Flect anJ Robc1tson (196~) l,.nc .it ]e,¡:;¡ dr::mn JtTent1on to thc issues rn 1lw 
con le <t of trr-gcncrJt!On studies 

A second problcm of Jggrcg:Jiton h.ts todo with thc number oí vanJhle·; 
employcd 1n thc mn~el Most ofthe moJclsJre h1ghl) :~ggrcptlve m th1s 
r<::spcct, the E~1PIRIC modcl, for c:urnplc deJI<> \\lth onl; se\en lO(JteJ VH!.lbh:­
and the Lo,•,ry model dcJis with CYt.:ll fcwer Ob\Jously. th~ utl11t} of tbe moJeL 
wou!c1 b.: enhJnLcd b) grcJtcr rletJ1l1n thc numbcr of furc..:J)tcd \:JTIJhlcs. hut 
prohfe,ns of d.,:J J\Ji!Jbd1t) lnoJrtlJr:;c: 1n ti11s 1egJíÚ in >flc'J;.,.i11g of the 
var1:1bks used 111 ]Jnd-usc Jnd urb.m Jcvcloptncllt sruJies, thcre JS :¡]so Jnother 
impurt:Jnf :~spe.:t to thc pr,Jbkm of ~;ggr·~gJtlüll Thrs hJ'> todo w1th the m~.:1o. 
lcYe! on ·.\h1d1 the stud•,'s foLtrs. Jnd thc f.tct th.rt quest~c;rs of mdrv1dt::Jl 
beh:Jvior :1re tgnorcJ TI1c ltccJ fur dJSJ::,~rcgJllun Jlong the.;c liPcs will be d1s 
cus,cJ 111 grcJicr detJil1n ¡iJ.: :;ub5cqucn: \t.:C:lllln Of1 "ur~d..:íl} 111g thcory ., 

Fm<~lly, the1<! IS :~ggrt?gJtiOII ovcr t:m.: Wlth respt?ct to the lcngtl: of the 
furett~t pcnuds. 1\!ost of thc mnJcls cntpioy five- or ten-) eJr pc1tc1ds, \~ hrch 
JppeJr SJII~fJclory lil VIl?\\ of thr: !} p1e.rl g,,,r! flH must p!Jn:ung JgenLic, of 
dr:vcloplllg J ntJ,t<>r plJn fllf somc futurc• UJte nc.rr l~le turn uf íh1s centCJr)' 
t\gJtll, UI\JggiL'g.ltlon \\lth resp..:d lo 1h1s fl'.tturc \\Ould pose :-,errous problc¡ ~'ir 
n:gc~rd to J.!l.! for parJn1L'tcl C\lllllJtii>Il JnJ force lSlln~ 

Data Arutlaf>tÍII)' Thc t11bJn Jc\.:il>pr:h'lll moJcls. for thL· 111u~t p.1r:. J'é 
pJrttclliJrl] d.:11• . .rrJ:llg reg.11d;n¡; J.rt.1 r-'4llÍrL'Illl'IIIS CJrl'L'Il {l'lG:)) 111 jo¡-; '>UI'.l'} 

reiJtr:J to thc pllll'llt>.rl u·.c of thl' :-..\11tl¡ CJr•·ltnJ 111\'tkl. r.:p<HtcJ 1h.rt only · 
rJ ,,f the 135 .1~.:1lll,', r-·,p,>ndlllg h.rJ JlrcJJ]' Lllll<'ltl'J Jllthc llL'CL''"'r) J.:!J f,(r 
tire lll<lJe·l. \\hrlc ~3 pere.:nt ,,f th•: r.:,punJc:nls fel,t tlut thc Li.IIJ requif.:"lllL'IIt' 
\h!le l'\L<',,I\<' Tire lllJIIl dllllc•rlry 111 .r!lth.: llllld<·J, '' thJt the ,J.,;,¡ h 1\<.: lo !JO: 

.JV.JII.rl'k fnr tire Jfl'.rl ,tlbtt:,S'Illh uf thl· Cll)', JJhl thc·rr: llltl\1 .d,,> l'\ht '"me 
1 

lrl\lllllc.d J 11.1 f,,¡ tire• crty. lll uhf.loil L''lilli.IIL'~ ,,.f th.: llii'Lkl', i' llllllt'lL'I\ (t,h 11 1'. 
lo c.drbiJl<' tire· lill'lkl) 1 !J,·I.rt,l•.'r Jh•llit l';'IJ'II.I'ilr:, .:,: lllll11l<? uf ,p.rll•l- ' 
.r~,grq; ill•'ll (Hilhk.rh ll.lll!<'l}. th.1t tl1·.' lll•'<kl 1' ll.l'!lL'l•:r, 1) p1c.rily .IIL ((,'írr111>.'d 
!111111 ""lllliL.rf d riJ f¡l[ tllc' Lil\ .1\ 1 1\J¡,,k .111J .lll' llJ, 11 lhcd llll'bi.Jil.ll\ 

~ ,' ... \ 
f<'il'c 1'h f,,r \L'I~ de·t 11kJ '""'·<l•'lh •d ¡¡,,. ~ll) 1 

,\h\!1 "' ( j i)(,\j l'.l\ lft 1'\il ilh.lfl· '11 (11 '>~1f1¡l lll!i''lfl JPI ~'l•t('kPl', '·''"1.' fll 
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tng d.i1.1 q~t.iiHy Jfe CJUIIUih .lt,.IIJI\1 lliL'J,I!rCIIICIII Clf<lT JIIJ Ihc ct>llipuundmg uf 
~IIth t'llt>r~ 111 lllLlUcirng \IIUJllt>JI, :JIIU L!'lt''llt>ll\ whclht:r, in U/OJIIJJnd-ll'iC 
Sllltlit'' thc Jlli>U.:Is llllght lllll hJie Lllllllllilhe cJfl.llllY ofthe d.slJ 1\lon~o 

\ll~::,·"¡~ th..1t tf thro; IS the l.I'>L'. lhtn tht? qu.,lll) uf thc t!JI.J m¡gfll hJVL' rc,llltc'd 
111.1 dc'IL'IItlrJ!Jnn uflh~ prCUiclitllb ,\l<>n,uuffcr\thc foflu~trng "rulc~ofthumh" 
f,>r n~<•tio'l b11dd¡ng · 

(1) Jlt>IU lllt~rc:orrclJted varJablé's, 
(~l JJJ 1\11t?r~ pos"ble. 
(3! ¡f JLftf¡t¡on JS not pos~1bl.:-. nHtlliply or d1vide, 
(4) :.¡vord JS fJr JS possible, 1ak111g JrffercnLes or r.li,mg varJJbles to power~. and 
(5) :~void as fJr as possible m o de ls wh1ch prnceed by e ha ins 

Unclcrlylllg ThcuiJ' Somt? commcnts on the theuretJ(<J] b:J~es of urban land-
dcvch•p11l~lll models are lll orJcr. bcclll>e JS L1n1 ry (1068) notes, "m choo~1ng a 
m!ldcl for J pJrticular purpo;;e, the plJnner wdl Jo well lo under,tJnd whJt JS 
Jeft nut Js wcll as whJt rs Jeft m." 

For the mml pJrt, l'he muJcls re1icweJ In tlm rcport hJIC Je.Jit 1~1th nJJcro­
levcl IJJI.1blc, and reiJtl(lJhhlp-. Jndeo:J, w11h bui few except1ons, the models 
hJie bccn srruL!ured Jiung the !me; of !llJuoe(ononw: models, w¡th the 
eniph.l'l~ hc1ng pbced typicJI!y upun problcms of c~lllllJiltlll Jlld forecJ,IJng, 
r;_¡ih~r 1h.1n up•>n qucstwm rclated to rhc undcrlymg thcory Th1s 1s true, for 
e\.lll1J'IC. of the EMPIRIC. thc BASS, and the Lov.ry modcls Not surpmnrg, 
U>ll ry ( 1 'HiS) can find f¡¡¡]e e\pl1.:it con~ILkrJllnn of a theory of the urbJn bnd 
ni.Hhél 111 !JI, ft:VICW Of SCICil 1\Cfl-f..nUII 11 modeJs 

lt 1\ hec•>mrng cleJr. hu"cl'cr. lh~l lhc::.e ;¡ggrq;Jtrvc qJtcmcnls Jre no\ 
C!lllll:O:h .1110 thJl IJlcrcJseJ JtlcrdJllll lllll'it be givcn to the lhcory of HlUII'IUUJ) 
bcl!.11 1"r Jlld thc nJture of the dec¡,ron-mJklllg procC\\C) B ll.rrrl\, el al ( 1068) 
111 >ll!lllliJTIIlllg the conclusJuns of thc DJrtmuuth confnence notes thJI, "there' 
1~ a '''''ng hut 11ut unammuu\ fec]¡n:,; amung moJcl-bu¡]Jcr> 1h.1t une J¡rcciJ011 
for lllil'f"' 1r1g the JLCllr:JL)' 1~ilh whrch modcJ... rc:p!uduce thc rc.d wnrlJ he~ in the 
1?\p.111·1• •rl of ~Iudres of !he bc·hJVI~>r of Jeu-.ron un lis" Ür1cc tl11' J-lO'>\Ihillly JS 
¡tJ,¡,¡il:d IJII\I't:VC:T.lhc prohkn~> t<f JJIJ JIJJ!JhJ!¡ty JrC lllc'réJ\eU lll.lll) lllllCS 
lh t!Jc: ':111c' tok.:n, 11 1~ IICII.:;r.rhlhhc·J th rt ¡]¡,·u~,· •>f J~·¡;re::;.rli\l' ~Jl.ill d UJIJ Jocs 
,¡,,¡ .J1l<~ll f<>r Jllc'.Jil!fl 0ful-.tJI•'llh'lll'i tll hc: rn,dc 1h<)lll lllcfll'ltlll.d hdi.lli<~r and 
:l1.d •1 ¡],,· llt'\1 dllt:Llillll lli ll'"•l•.llll~ 1> tu he fll'•''lc'd thcllllllfl,ltlii . .J \IJJ\:} 
J.¡¡: 1 ,',,d,d .. .f hy ~uhrc¡;ll'll' ,lf,.f clll.\ cl."':i/.:,J¡,¡.¡,J h: llhl.!llll'•l lt ¡, looiJHoll-
dil ¡,' 11• ole ikrl Cllll\1Ul'r.1hk prr>~c\'• 1'> htllit: IIIJ•k lli thc: dile, 11•·11 uf Jnclt'j'•llg 
lt 1: ¡'.,•JI,! IIH•rJ.:J~ ufurh 111 \j',rll,] ,tiUclll!t' l~iiiLJ¡ ,]¡,,¡rJ,J IJ.tll' IIIIJl<II!JIIl 
· .¡1 1 •· 11 f<~r thc !llodcl111=: "f ,,1,_111 l,IJ,J u-e fhé 1' 'llt:l' h) Co\ .!lid K ll\t:J 

11 f' .. ,·l 11 \, 1 l'' JIIIJl]C, .IIC IJIII\il .. rll>t' ¡,f thc'é L'lfrlll\ 
l • • ,, 1 , ·' ( 1 ') r.k) e r 1 llc 1 . 11 • • f t' \ 1 1111 g 1.u: d -11 .• e Jlll' d··l \ e 1 > llcl' 111111:0: lllt 1 r 

1'; '.:. ·,:.: Hd uf J/1} tll• "'Y ,¡f IJ•id I)Lll'~t t llll'ch llli,llh LJII h.· c\ltllokJ 
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JI'" tu othcr lhCulc'IJL.il l•lplc> pf urb.lll 'PJII.d >lrLJLllHé RefcrenLC hJs .drc ,,¡;. 
bcen 1JJ.1dc 111 thc ptCcL'Uillg p.11.1g1.1ph to th.: pJpcr b) Cux, Jnd lhc work thJI 
he .JIIU Pthcr, Jrt: f1111\lllil~ 1111 thc 'J'.Ifl .. il dllJICII\Il!JlS uf urhJll p(IJIIIL.ti :lcliVII) 
J> rcprc,cnt.:J hy tlm p.qx~r "ck.11ly rckv.lnt tu Ihe plJIIIllllg uf l.rnJ-use 
dcc·l,lolls S111111Jrl;.. thc P~Pé'> bj CJ\Clli .1nd \\'cichl'l 111 PJrt 11 represen! JreJS 
ofthcorrllcJI 111111-. wh1ch Iu JJtc hJve been pu'-'rly Jd.llllllicJged by !he 
mudclers uf urb.1n !Jnd-us.: p.111errh CJ'>elt¡'s p.1per. lll f.1ct, should be VICIIed 111 
the lOntcnt c:f J f:.¡¡rJy cxlen~IIC J¡terJIUJC on urbJn rent Iheory, rc~JuentJJiutillly 

thecny, urhJII pLlJ-lliiJlJon deii\IIJ~s JnJ spJIIJI cqtiiiJhnurn Jnal;.s1s ".luch of 
th1s work 1s referr11.:ed 111 C~'>Ctli's uwn pJper, but ti seldom 1s considered 111 the 
moJehng of ]Jnd u~e pJt terns Jlong thc IIJlcs d1scussed eJrher. 

In ge11eral th.:- :ugumcnt cuuld be mJdc thJt the urbJn land-use models 
developed to date hJve not be~11 strongly sparwl 111 chJr.tcter AJmiltcdly, they 
hJvc suught to JilocJle !Jnd-u~~s by subccg1ons Jnd thc) hJI<' 111 J¡ffercnt CJ\CS 
emplojed cer\Jill Ui~t.lnLe-dccJ) JCIJtJomlllps 10 I1Jnullllg Jcc~ssJbiluy que~tlons 
and trJvel pJitern,, but for thc mo-;t pJrl. Ihcy )¡;¡ve 1grwred the quile ~xtenme 
anJ vaned !JterJture 011 urbJn 5f'Jii.ll struc·tuJe_Jelelopcd espect:tlly by the 
econonmts. geogr.1phcrs rcgllJilJI sctentlsts, and sociolog~>ts 

The tlmd p•nnt wnh reg11d to the thcuJel¡c¡J bJ~cs of Ihe bnJ-usc models 
h:Js lo do II'Jth thc !Jck of Jll) b1oJdcr contcxls wtthlll whrc:h the modcls Jre 
set. Th:ll ts ro SJ)' the moJcls .n.: ,,r1en ne~tly slructutc'J JS reg.trJs the PJIIIclll.tr 
JnJiytrcal que,tJun~ thcy. \\ere Jc~1gncJ to sulve, but there IS gencíJIIy !Jckrng 
any consrderJIIOn of tite rcl.lilon,Jups Jnd feedh.1ck loops be1wee11 thc anJlysis 
Jnd other fJccts of thc S•lCIJI¡>Lllllllllg IJ'>h. CicJrly. J !Jnd-usc :.liJOl:JIIOn 
mnJcJ lllll~l tJ"C for gr.1111eJ' CCIIJIII gtJJJ\ JIIJ objCcll\e ftlllclilli1S Jlld 111 llliTl. 
the solut10ns wh1ch rl y¡c]d, m.t} he onl]" sume uf thc .ilt<'IIJJ!ilt'S C•JnfroJlllng 
socJcty Thcsc tjlle\tiOib uf go.il forlillliJtl~>rh. of dcfu1111g .tppfllprJJI<' uti11t)' 
fundion\, of cvJ]U.ItJng Jild Lliull>~llg hci\\Ccn .tltcrnJtJICS, Jlld uf decrJ111g upun 
nwJns JnJ pohLie~ ~~hcrcbr llnpknJcni.itlun !Jkcs piJL'l' .rre thcrmcilc~ proper 
SUhjCciS of stuJy JllU lupiC, for thl'UICIIL:JJ fl'.l'iUillllg ft IS thcsl? c'OllSIUCf.lliullS 
whtLh sdHJIJrs su.:h J~ f"l,l)L'~. D.1} JIIU ~fc[)(>JJ.dd (l')ú'))Jnd JIJJrJS, B (1()70) 

are pu r~111ng. 
One fin.d P"llll ;~]¡¡,]¡ ,J¡,,uld hL· 111.1Je L't>llcCIIlllig the thcorct¡ul h.I\C\ of 

thc urb.l.ll-]JnU-JCil'l•>p.llc'lll lli"dc·J, :-. th.tl lht·y ~c.d 11 ilh tl1~ lÍI) C"t'lili.df} .IS J 
( /r•lt'd I_)'Ht'lll l he lll•'tkl' t:l'llc'r.dl) Ir k.: J' gllc'll ct:rl.llll é\t>gt'llulh forl'( ,,¡., pf 

rL'l:!'''"·" t'lllj'lu:-1 h'lll IIHif'''¡'llllll••ll lnlhL' L,t,L'~Pfrll•"' ,,fth.: lllt>,klo; 
UI\LII",·J IIJ1 111 1h1•, f'll'/11 thl, k tlllic' IIIIJ1•'\L'' lit> fL'J!J) 'L'flllll\ l!Jihf 111111 'llhl' 
I)Je llil'lkl-. .llc' <k\c·f.,puJ l111 I11~'L Jllcll<lf'll]!l lli lc<,:llllh !lid !ht• flth\lhlc• l'llclf~ 

.\ICJIIIIIJIIg fftlíll 1 J.h~ <lf cill'illc' .!lid prt.J>.Ji!]) k\\ '<'111111' fiJ.111 t]h"c' J'"''llfc•d 
WJiiJ ¡]¡,: IIIIL'Ill .f 1\<Ji\..iilc'> 111 ¡]¡,· 111•'·"'' J!111 ftlf \IIJ.d! llillJII ,lft'.h, lhl' 
l'\ll~t'ilo•ll'> IJcl••t\ llc' ,,·~J¡IJI ¡,,h.: illlltlt lllllrc· IIIIJHIJI.tlll 111.1 rc-l.tiiiL' 'l'Jh.:.~.lll<l 
tire :lllc'lll d IJ;J,,¡¡ :••ll', .. hl' Jllt) he Jc'iidclc'J Jlll.d1tl hy tllllj ,¡ ~JIJJII \,ll!.illt'll 
111 ¡]¡,· t' L'\•'C:lll•• ,, lc-'tl' ll~c /I~>J¡,,,I,,;u_l_..,p,ll"d-llllik.lt,l'~ .111tf '>j'.ill.•' · •'1 "''"''' 
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:Jit' ¡,·1,'\J!li m 1111~ ,·unll'\1. :1nd lf¡,• -1('!'¡,, ... ,¡.,¡,, .11 ,u¡·hhilcJ:ecl Uib.ln l:md­
tJ.:,.:I''I'iliL'lll mndd' ::·! •,;¡!·, '·'·\ \! ;. : ':m•.:·.lt:ll! \\Í!ll !ht''-C pJik:ns: 

.lf'¡•/;,¡¡r~c•n ofM••Jc/~ In J 1~\II.'W ufth.:- .ipph,.lll<lil'- ofll..:- Jh<nt' mod.:b 
lll 'l"','lrl, rlJlllllll'~ j)l uhknh. 1 \\'l) 111 lé'fC~! 111,; P· '1111' t'lllé'l g.: f-Hst' 11 IS deJr 
thJt niliLh nf th.: llll•Jcl J.:vel''l-'llll'lll Í1..1~ bren JcLOmplbh<.'J '•y ··m-sh,)p" 
r.:.;c.11,h but ;h.Jt tlu.; \Hlik of1<:n hJ~ n,Jt bc<'ll ncJ tuo clos.:ly t;) :he tmml'Ji:¡le 

pwhkJ:I> f:JéCU hy thc piJillllll~ ~ruup ut qtH'$Iiull ·'' regJrJ;; Jl'\Ciopmg J rnJstcr 
pl.•n f,,r 11> rq~lllll Th1s IS Jl!ustr.JI::J !:>; the npc•r¡cn.:rs of SF\\ R.PC Th1s 
glllup hJ' ¡:n.hh~hcd ~~Hnr of rhc JPore JlltTigu¡n;; :Jnd ,¡Jv:m.:cJ mJth.:rnJtic:ll 
siJit:llll'lll' of urhJn lJIH.i-u~.: fore.:.l',lmg bur. m fJct. lhcir O\\ll rt;gional 
!:.JilJ-u-;,• pl.1n f,H 1090 WJ> devclopcd b: .:..>n\enitvnJl. nunJnJ!)'ti¡: methods and 
th.: l.JilJ-~,~ '>li1lli1Jiion llllld~l was uscd lllt:lt:l~ m test11tg th.: consqquen.:es of 
:J!Ieln.Jt ¡\e p•hL·Ie~ (Snuthe.t'ilern \\'¡scolhin Regtcw.tl PIJnn111g (c~lll!niSSilln, 
I'J6S) Th.: lllore rer.:nt W<•rk of 1b1s grou;:¡ on the l,ind-usc _dc";gn !llodel is 
purely ~n :P-·d10¡> re,cJr,h projecl sponsort'd b; l!UD. · 

Secund mJny piJnnmg agenlie~. 111 some l'J;;cs 1hose of largc metrnpolitan 
Jft'JS .11e tlllt ill\Llht:J JS_}d e1thcr m modcl-buJlJmg or an.IlyiJCJI !Jnd-use 
fore, ... ,¡¡ng Thr wc;rl.; of 1h~ 1\:urthe.r..tcrn lllim'IS PIJ!!Ping Commis..~on ¡JJustrJtes 
thic, rllllll Thc•tr fCClHllllll'J1Ul'U I:Jlld-u'e p!Jn fl'f Cll!.:Jgl) fur ¡ ')1)0 \\':!S dertV('d 
fnnn.1 h.mJ qmul:!l!llll m \\htLh the l'll!J<cc.¡uenles uf f1ve Jiffercnl qu.!litJtive 
:mlll<:ls of Ul bJn form wcre cvJ!Udted. 

Th.: lli•JileJ C\tcnt of 1he .Jpplil·JI,nn uf thc !JnJ-us.: modds is borne out in 
S<.'\~r.JI reél'lll rcp,nls Hcnuw:ns (1968) 1n lm ~u:•.ey uf sume 3~ major 

pl.•nll'ng :Jt''IILit:> rt:c<.'JVCU rc~pume-, f~,J•n 2t. . .1nd <Jf the-,e. only 1 ó "rl!purted 
on .:ill•er ·.ll1ren1 u;;.¡gc or Jcl¡ve de\clop111ent uf nwd<:l~ "lkmmens notes rhe 
Jil'f¡,ultl<> the~.: .lgt:ncic., C\p.:flenLe 1!1 d•'\C:!<•['IJ:~ rhe mude·!<; Plll JlJJktng 
th•m ''p.:ut!on.ll from tite p•1int uf v1ew of q .!T¡r¡g .111d UJI:! f.J•.ditll'\. Furth~r. 
he '!le,,.:., 111.: L1.:k of <:Oillll!Uilll :IJ<)Jl bct'"'cn .l~c·n,i.:~ Jnd ti1L' ,,:;,.:eJ Jh~cncc 
of Jll) ''-'lhlll<; .:umulJtiVC work un th.: J¡ff.:rcnl Jl'•ldeJ, BII)'C<:. D.1y JllO 

~~lcl),,l.tld ( J'J70). in :1 surv.:y uf tll.: pl .• n-m.Jk!!lg fl"l'l''' .mJ (".Jhutl<lil methnd­
oi,•C:I•.''- .l"•>,I.II•:J Wllh !he work of thl.' 1 ~ I.Jr:_:,·,¡ pi Jllllll1!,; Jlfl'l,'.IJill',ll<liL~ thJI .lS 

,,¡ l'lh'l c•nl;. f<>Ur ofthc1l1 fur B.,ftiiiJI>Ic' fl,,.~,,¡.Í'h;l.,dl'lp 1 11.1. Jnd thc l'w111 
('¡•¡,·, h.i\c' ,;,tuJlly u-,.:d L"lll(llllcC lll< .. kl, ,,¡ u:h.:JI pcl\\lh HIJ dl·v,·loprncnl 
1•• ,·111 .. •.::l· J '~'t ofJ)It'ln~ltccc; 

i he· \\• •11. olil tlih.lll Jc1.:l< p.i'c'lll ·.···kl- ilJLII. h.l' ,¡;Jl .1 ).,n~ \\ 1) l1l gu 
he ! · • r ,. • • Jlc'l.ll !• •n.tl pJélo..,J¡:l'll Jllll<kl, .11 e ,;\,JI!..! d,· f, •r ",,¡,_. cl!v.,·¡¡ i111 Jt 1011 .111J the 
!·~ ,;,.,JJrllnldllg ·~l'ilLIC' llll' a.,Jc'J'IIl~ 111\••h.•nt:lll ,,f"'"'·d "'lilllll'r,¡,¡) 
, ... ,,,:, ¡;,; l:1111• 111 ¡)¡¡, .llc'J nf I.IPd-'l·.c pl11'fl!llg \~ •ll P''"ihl) f o,tlil.IIL' lh.: 
·L· ,l··¡·: ':.i ,,f tht·,,· ,:,,:ld ... ,Jm .. dtlrr"'''·l·nc· ... dihl'li:,!h. 1) !*·dl~. thc'.: 
¡ , '· '·. ,', .. '<~¡>c·d .,¡,,Jc-!. '"1:,., I••'III.ILic¡• .,¡~,;, P"·"r,· llilht' po,bfl,hcJ 
Ir:. •"', ()" 1 n.tlio•il d J.:,,¡ lll Dv·ui.Cpi"\! lt• J \,,llllhic ·c'f\1"' h) p11>ill01l· 
ll, • ! 1 l J '- . 1 !. 1 i' 111\. n t ll r .1 ltl lll "IJ ,\..- ¡ l JI 1l! •.' 1 P·' - t~ . ~' '1 H' d 1 : 1 1) 1 L L' ! 1 J! 1" l '1 \ r : ¡f 1 lf 1-

L·\\.0-L'>I: !)1 \'1 i 01'\11-; l ?3 

n.:t·.,, rl .. ,,¡ tl;·-.s p .. ,kJgc pro\IUC:J b:r tftc BuJCJIIuf Pubh.: R,,,,J<; 
G1ven thc l!k.:i1hood thJt t:1esc p.¡,J..Jg~J 11\l,Jeb wtil be .JY.JdJhlc 111 th.: 

nQt-to,)-t.li~t~nt futme .. md .h~ll!Ping 1!1Jt thc lit•P•hers uf :Jgcrh·y pcr~llllltt:l 

b·~tle~ lrJmcJ 111 Jll.d)'l!L:Jl teclllm.¡ucs '-\.¡¡ ~!u .. ~l) mcr,:.,,e. the,¡ il m•ghl ,.:.~m 
prcmJturc for s.JtJll pl:lnnn•g .1gr;1~Jc> lo LUiltcmpLite ~enuu:,ly 1he tmpkcn·~II<J· 
twnof cxpenstve Jnd "low-r::h.•b1hty" fore.::JSliiJg sc:he;Pcs JI tlm IJ·I1t! 

Conclusions rmJ RecVIIllr/l:'llcltuions 

Tlus pJpt'r WJS p1epJr<::d 01iguully ;:¡s pJrt of J ~pe.:if1.: reporl lo lhe 
p!Jnnmg :.¡g-:ncy of a ctty of unJer l 00.000 popu!Jtiun. The re.:ommend.tlions 
ir.cludcd 111 thJt r.:por! Jre reproJuccd hcre 111 surnm:Hy oi sume of 1he- PL)Jl11S 
mJde Jbove In strucluring su.:h re.:ommer>JJlie>ns fur smJ11m.::rvpL)htJn 
centcrs 1! !S 1mportJnt to kce¡:¡ 111 :mnd LertJin bJLkground cuiiSIOC::ttions 

(1) lt !S unllkely rhJt srn:tll pbnning ::~gen.:J\!S either w1ll hJ\'t!, or c'Jn Jfford. 
lhe neCCSS..try TCSOllféCS of hJrdw:ne anJ !ll.lllpOWCf fur thc UC:>Citlp!llCill, 
lrnplemcnt:Jtlon, :Jiid munitorins of compkx, (Omput.:n;·~J m,,Jcls of tlih tn 
!Jnd use At pres.:nt, thc'.t! mod.:is Jet: fJr too C'l.p.:m111e, b,,¡h in Jc,elllp· 
m.:nt JnJ operJtmg co.;ts. for smJl! Jgcn,·t<'S to c:-.pcriJ:Jcnt \\1lh 

(2.).. _The ovcrJll stJte of the Jrt m !Jnd-i.~:,e modeling !S nut thJt ,¡JvJn.:d. and 
~o a-gcns)LOT cot.sulting fnm cJn prov1de J reJdily Jd.!ptJble. p.r.:kJged 
IJnd-use mnJcl whrcj:¡..s.uull .:1t1t:S mighl be 3ble lo use 

(3) The ~cn,tiJ\ll) of !Jnd-u" lll<1U~á·p(Ll_jc_~ti(>ih to LhJngc' •n th~ e\og..::Pllll5 
faLiors h:Js not y e t be en ill\ e ,llg.!led 111 ,J,:i J ¡J· 1 lwr~ r •• re. fl)( lll h:J 11 

economi.:s m wluch tite t'\tl'IIL11 spJII.il lmLJ¡;C.:s Jre >lf•'n¡;. th.: rcJe,,,¡¡, ,. of 

e\l'>llllg lJnd-use-fLl<CL~>llng k~hnH¡u-:s 1s illll deJr!~ c:.tJhihhed 
(4) Th.: prcv1ous pu1nt nutwithst.Indlng. <;m.Jil UihJn .:.:ntcrs \\ n!J 'PL'LIJhi>'J 

CLUIIllllliC<; lll.IY be LOnl(lJC.IIild~ l'J')'.IO mude!,!\ rq• ,rlh i)ll' rt:Jc\.•J!l 

l'llU••gCilllliS V..tfl.ihk'i .111d thc illlplld.•!ll r..:!.!lll>li\lllp> 

(J) (n!,'il'\ll.d pl.illlllllg JO:CIILIC\ di!Jt'líJk,• .1 \('llllll\ L\'Jlt• llit'l~u~t!Jc ll•l .. .JJ 
g<~.th h>\~JrJ, \\hl,h thc'll cffo1h 111 l.illcl·ll\l' Jil.ol~ ,¡~.Ji e' h• ht''•'-i,rt'Lic'•l 11 
liJe .llllll\ '>ITllJ'l} 1•,1 JCJi\C: p Jf,llllc'll'" f•ll III¡Jlll ll\ ll.lihp<li[ tli<lll j-\.!~':O:IIIlh 

lh,·nunc ,.:!uf J'lll,t:dtll''' wdl he .JJ<''lli'l'' IIth.: g<•.tl 1\ '" J,-,,;;11 ¡_;11~-lt-c 
piJil\ f1tr liJe: é1ty Llli)'-i'IL'Ili Wilh cCil.llllt•hjL'<-II\0.:\ .Jird Lllil\(J,IIIIh. lhcll 
othc·r J¡>pr·,1 ,,J¡,·, \\di b,· llú(,,JI} Spt:c lfh.tlh'il ,,f ;;•• oJ, ¡, Liillc d 

{~J \¡;clll'C' llll~hl hc~ill \)l!if>l) \\llh thl' .J, '''''l'llll'lll ,,f¡,·;:lc'"'''ii.JIIil\ _.., 1<>1 
rhL· P''-'~,.!¡._tltlll ~lrL:Ild tl'l.'\ b) llil\~h 11.11..1\ lH ([ tlfh. /lqh .. ' ' \\ltllillllt\. ,_¡:~ 

'iho.. •'-' I~•''I_L,!..., \II!JLJ 1!1!!·:. ·!.1!1\! •r,.J ,¡Ljl\\1\L' IL',SI'-'"\J\tJ1 pr,,~IJ,tl1~ 1,\1\'LJ 
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C1nph.hll~ the cffeLh t>n l.1nJ-Lht' p.111L'r11' of J fcw t'.l\ily obiJIIled 

V.lll.lhk;.Jnd tOtriJ he L',rllhiJit'd l<lth hi,IUIIc.d J.11.1 The)L' L'IT<!fiS ~>Oirld 
JI k 1•1 prP<tJc J frJlllc'W<>Ik fu1 lliSII117111g L''\I,IJng !Jnd-th-: J.rtJ .111d 

Jc•pc'llcllll.:; llfl<lll th,· lt',nll\, !he) 111.1) uff..:r J Llllllclllclll Jf'Pill.lt'h to fL>Ie­

CI>IIIlS .111J ,clmtlVII) JllJI) "~ Th,·r.: Jr<: Sllllle ~1111pk teLhlllt¡lll'~ >liLh as 

sl¡1f1 .111.rl) SlS <dlh:h Jho couiJ b.:: lllL<lrpu1 "11cd 111 lo the rcg1c~''''n JnJI) >CS 

~) Age>l,clc'S 'l'flllmly L'úll'>ldcr th.:: pctl.tgugJc.rl vJlue to be J~riwJ from the 

P"lflltlp.),tlon of thc1r per~<lnn,·l .111J seleLteJ communlly lead.:rs and citilens 

111 gJmC->fmuiJtJOn sessions conJu, teJ by EnvironmctriL·~ 'or lhe ~tETRO 
pltlJ<'<'I group 
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In Chaptci5 6 to 9 ,,·,: h.nc wo:~.úi \•.ith .1 f:11rly !cstrich:u sct oftcehniquc-;, 
m.t1.1ly bui!Jing on matrix opc1atur-:-:: ... ,b.l!>i1It)', o~ sp.ttial inicrdction 
conc..:¡;r~ In the tit:IJ oflocation.!l an,tl)SI~ (tllc study of thc '>p.tti.ll uistribu­
ti ... ·:l of u1 h.111 a e ti vit1c·;) a rnuch \\ ider ran;: uf techmques is ,\ vail.lbk, and it 
!S u"·ful to rcturn to thc n~l•dd-bu,!dcr\ .:hcc" l!~t of Ch<>ptcr 4 by w.ty of 
inrwJuction. 

!l.!oJds of thc di:-.t1•b11tion of .tcli\,tÍLs c.ln b..: butlt for .t \\IGe vaJII.:ty of 
¿urposcs. Wc empha~.;-_cd car¡;cr th.!t ;¡ was import.tl'l to be ch:.tr about 
pmpo~e. and wc sh.1!! sL·c hcrc that t:11s 1:-.:-.uc ca¡-¡ inJc.:cJ -.11Tcci chl'icc of 
tcch•llqtn.: ror'modd Jc.:\·clopm-:111 

Thr.: nnt itcm on t~1e ch..: ... :... li:-.t ll.L1tcd to r.:!lUILC of v.lflaOic:> Clcarly, "'..: 
J.rc inkre\tcd in vari:tblcs \\h;..:h d,·st:Jibe a<.t1vitics by locatÍL)n, anJ the 

Jctcf!iiÍ!l.!:ltS of !he a~sor.:iatcd r<~ttCI lb .lnd pr <)CC">SCS. We h.t\'C lo he pd! ti­
cuhrly clcar asto \~ohcthcr thc print~ intcrc:-.1 1'> in the acti\tti..:s thcm~c.lvc-;, 
thc .tWlCI,Jkd physical stock, or both An c,,lntpk from thc plJptd.ttion­
rc,¡(Lnti,tl-hollsing ~cctor v,d: IIJu~t..ttc lh..: i~'>l!t''\ involvcd hcrc \Ve m.ty be 
pr;Ú1:1•1ly mtcrc\h:d in r~.:c;idcnti.!l ,¡r.:(¡\;ly, th..: \¡uti.d di~t1•hut1on ofdilb..:nt 

l)f'C' of p•.:•>plc, thc typcs of hot~:.<.:~ th:/ L\-c i.1 <l!ld so 011, or \\C 1n.ty b..: 
in 1.<: re'¡,_ d in housi :1g prim.lf dy 1n cr dcr lo'<.:! up a 1; o u: c-btll !d 111g 1'1 ,¡gr.tnllnc. 
ld . .:.• ll), \\e :-.hould be in k i't:'>tcd 11; b•_¡l h si rPtdt.! •1u ld;i ¡,bu t .t \ .11l.t b !e ti 1110.: anJ 
l'lTt)l( IIJ.•Y prohibit thio; Jt lS C\(f< .n.J:_, C'h)' to CliPÍl!'.C thc (\'.0 Íntt:IL''>l<;, 
::>¡'~•·;.·~!: \'rlCC, at 3Il)' r_lqc.; 11111<', th·: p·.>¡'••L!!Í•,IIl (fU'ú-\CLtÍ••\1 CO!Il•.Í.J~·, Ín 

S•-r• ·: 1'··) \'.rth thc homing ~tucl.. ero.'- .__~'.I<J.Il lll)·.,cv<.:r, the b<.h.tvÍlJllr i11 

'"'''- ,,f ¡·~·pie .tnd ~tod. i~ q•r11o: L¡;:;, ,,_,¡t: P·-"rk 1nu\c .uotr11d lll''rc.: irc­
tj ·· •!_, t!l :¡ thc p.tlklll of tt·e fl,HI'>IllC: ,¡u,_!.. ~..l •. til:_'c"' f)pÍ•_,dly, •'tic f¡.,111e 

,, .:11 .. _ t:l!l•:.d by rl!.lfl;' f."'1 1: • , •
1 ,'1 i,•_: th l:f,·!lf.•.: '1 ~¡.._di .tin~IÍ<nl '.\ ]l'ch 1'> 

h, ' .. _' ''1 •rk l.,,n lJ'\LfttJI! r ... • LJ'•k_"l t._•r '"' ¡._! ¡:¡;¡~r ttr ,l\f'l~\.l-, ~1r dli \.'L'fllll'fllft.: 

.'!¡, :nd •"-mand :-.j..,;u 1 1" .. p!,~ l1.:.11. _! 1,.,, .;11•; .l! .1 l<>~...li'<•il .l!'d '""'t.: 
¡.. , ·r·.: •lrpli.~d th·:1·:. \\;,,¡ ¡, ,•h-,_r\L·d .:t ,¡¡¡,· p.l;::t "' :t.n•: 1, ¡;.,_ u¡ta-

'i 'f •·;)11!) .11.d dlillr:l.! <..tri',,·, "l!rh d1''-"''i'1" h };c:_:inr;mg l<) .11'11· 
! : . ' '' 1H!,~·r t f:,; h~:.~d 'n~ ~._,f ·¡ ::' .. ' · 1) • hcll ,, '-'. ~"'.th'· t:\ '-l, .n:d ·.'. JiJ ~"~·.! pu: "':'...el 

1 f~ .• e ()n, ~-· .1!-_;.lld, \, ~ '-Jrl tl;l_'-_[\t_ !J ',{ lhni<.·~ ll[\.lfl.lhl~~ JI' f·~i l{k'~ll 

¡,. 
1 

·:,.; •• 1 ,(c,,l l•f rrtkl<_,[ l'ltV . .fr, '!h,· n, .. ,!,·l 1 .,,l,f¡p;;:. k:_hl\i,¡Lc; 1<) 
t• 11 .l 
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At thi-, P<)int, it i; conv<..:l:<..ll! ¡,, di.,..:bs ,111ntll.:r dr ,¡;¡:<..tinn Od\\c::n typc-> 
of \ari.1bk ,vlllch IS p.lfll<..ubrly cruCII~ 111 ;¡ )pul:ui dr-:tnhut,on 111lH.kl: thh 
rda!e-; to \\hcth·~r \\C focu., p1 in1.1rily on thr.: Ji,rnhtn:,,n 0f an :l<..lÍ\Jly (••r 
stccl.;) ,\<..rO:-> thc zon.::'> •;f out ~p.rii,tl :,y'>tt-1•1, (lf ,•n th~ :,d <lf.tctiv:t>::s \' l ;, h 
u:>c up th~ c.:pacÍt) of a pa¡¡¡,::Illr zo,,c In rc1.•t:l"l to Fl::;u1c !lll. 1! 1-. 1 

J\CliVliiCS 

.V 

~ ~- -__ [~-==~~-~~~~~~=~~-----1 r- -+-~----- -- --~ 

"~~ __ L___ ________ -___ j 
Fi;;:.:rc 10.1 Zone-.:CII'Ity ero-s tabul.tllc>ns (B.r~•'' 
v.tth ¡x:r•lli"•On, 011 l. ~ lo ... y. Urb<ln o,·¡ elvp>lt'MI 
Mr>J:Is, Sp~u>l RepM! 97. Hrgl.l\,1) Rc5t.:.•rch Bo..rd, 

Wash:n·;tcn. D C. 11 S •\. p 1 ~S. F:guré 2 I%X) 

m.tttcr of whcthcr \\e for.:us pnm,lrily on rows or on cDlumn:> G~lh·r.t!ly 
spc.tktng, we \vlll J.Jopt th<' rnw cr activity lüct~tinn fl,~..·us ,¡-; di..;tinLt fromthc 
colun,n or lanu-u>c focuo; In ,my p:uli,d ~tud) of onc acti-. It)'. \\C >hould 
b.::.tr 111 mind that_l\,: '>lhlU!d not llt.:,.'kLt thc f.tct th.:t 11 i~ CPrnpdÍI.<_! f,:r Llnd 
(.1nd püS>tbl) cth..:r rc~t'lll·~·~\) Wllh t)!hcr ,tclJ\llic-, F.tdl .tdi\tl} loc.dJL'n 
nwdcl -,houlJ HJc,t!ly be p.11t ofa more ,;cncr.d llhhkl \\luch mu>1pnr~1k~ :· 
~el ofl.tnd-u-.e .tl'CtHIIrh Suc~1 1'->ll<.:<; ,\le t.t\..e11 furth..:r in Ch.!pl<l ll '.\hcre 
"'e d1scuv' thc budd:ng t'f gc·nct .•l111ndck 

-¡he th11d 1lcm on thc nwdd-hu,lckr \ chcLk li\t ''··" thc ld..:ntdktti<>rt llf 
\.tr!.thk-. \1 l11d1 \lcrc u:1ck1 thc p!.llll1•-'r ·~ c'-'ntr•)l Thi-. 1> !',11 t!) :t ill.tlkr of 
p!.tnning p•_>l\<:r:- in r..:l :ti• m lo the '>}.,km 111 \\ IJ,~IJ thc llH•tk! hu;hkr i~ 
mtcr•.::-tcd, p.tl tly ,1 nr.llkl uf !he lll<>•,kl-budll,:r ·, p11; p\l,,c .urd inh:r~·-.t, ,llld 

p.ll ti) a Ttl.!I!Cf llf Íllll'l prt:ltti~\11 lf'c''e 111.1t!<.:r~ L.!llllt'l he· [L''''" c·d e\CLTI lll 

rd.tlll>ll ltl p.!rtiLIIl.rr <.:\,lf>1pk, l lmlt.:\l'f, onc ni.III• r c.111 l-e ll'• f:,\1_. r~,·c dkd 
.tt thl> ,f.lt:•:: tite qu···,:!••rt .h tn \ll·~th•:r .. ur llll'··kl\ are l<ll'<.: 111'·1 tli.lll\•: nr 
p<~>IIÍ\L' l'h<: <.:•>11\L'rlli<"l .1tluptcd 111 thl, G\'111.. ¡, tl1::t 11 i~ ¡,._tt.:r ¡,) thtrl!... uf 
.t!l nl<>dd-, ,¡.., Pl'''tl\c rr·••d:_:,, hu:ll ft•r .:11 .Jy'"· 1\h1,h 111 ~~ b..: 'rp.thf,· •.•f 
{<:t>rhllt:"n.d) p!ed!Lii,,"' 11l11·.h r·.•n he utdr'•:•l '.'.rthill ,,,,;¡,; ~"'-r·t1 !ll~ 
111'1111.\IJ\e pl ll!lti•r:o~ pr<>l'-'' l !11, tr_~u:t • 111 '''''í'l:. IL''-·'I''t"l •:~..-, th tl ,,f 
Clr q>t<:r 2. h•!l 11 h ¡• . .rtt•_t.! trl) .• 1•¡ ••·,''' :'·: t•l rn• l'ltPr: 1! 111 :,l.tl"'" ¡,, 

lt>L-'il•'" ¡:¡,•,!,__!-. In l'•·iU c.d (• '·"'• ll• 1.:,,,1,_1 hud<lcr h.h In lkcr•'e l'ltr. · 
, ' • , , 1 r '_ 1 ¡ 1; 1 • , 1 1 ·: 1 , 1 \ ) [ l 1 f... 1 : 1, 'l! .._ 1 , t ¡ 1 1 f \\ l1 : l f ~ '' \ f 't; 1 '11 f '1 1 \ 



·¡ hc f,,urth ll<:nt 111 tht.: chcck l1't r,·r_llt.:t( il) .tg~r,·:.: ttl•lll '''liL'~ S1uo.: wt.: 
.tr-: :¡;t<:l• -..tLd In tht.: ~p.ltt.d dl~tr,hut;,,,¡ nf .1ctl\ltic~, our tlib,PI ~}~km rllli~t 
h: ,J t\ ,, kd 1 n ¡,) 1one' Thc·;e rn.1_:. b..: v..:ry ~1n.dl, or !,1 rgcr, dq'cnd 1116 on tite 
P''' ¡.,.,, . ., ,,f th..: C\<.:rcis<.: .• li'd <lll•.•: ag.11n, th1s Jeu .. Itll1 rcl.tt•·' to otht.:r 
,b_.,,,_;ll, \\h1ch \\III fin.t!ly tkc1de th..: ill<ltlcl-budd!n~ tc.hnrquc tu be u~ed 
lt 1~ thc '-:llllr.d aggrc:;.ttl<'ll,\II,,•::;:cr•:g.tti<JII quc .. tl<lll wh!Lh 1:-.a rnoic tnck)' 
OllL f,,, thc lnc.ttlonal .uul;;t Tl11~ ,, tl't.: quc:-,t1on .IS to \\hethcr .111 c~scnti.dly 

IJllci 1l llr 111,!•.'1 o apprO.!Lh ,!J,Ju!,l he .1dopted 1 hroughout tl11~ book we h . .ne 
attc,Jt¡'i:d to develop ,\ com¡Jrc·h.:t••tu' appr o.H:h to moJcl building in-.the 
~cn~c l'f ti)II1g to represcnt .di th·~ dc!I\itlc::. of thc whok study arca in the1r 
cntrrL'Iy. \\'¡thln this, wc would l1k.c to bulle! 1n .ts much det,ul as possiblc; 
mdccd, .111 the IJmit, it !S pos~1blc to de:.~! \\ 1th all mcl!v,du.lls, organ1Z.1tions 
and un1h of ph)'sical stock m a comprchens1'e m1cro appro,1ch Howcver, 
thl; "pi.!Ctic.dly impoo,,¡b]e for large :.y>tcrm h h.ts bten argued ehcwhere 
(\\'¡J,,,n, 1972) thc~t an t''~<:llllltll_l micro appro.ll:h irnohcs nwdellmg the 
bL·i•.tl '•Wr of an llldlviJ, 1 (or othcr micr•J uP1t) i11 J¡,, un tro11mcnt, tak111g 
th h •:rn 11 unn•-:nt :1s g1vcn Su eh an .tppro.lch 1ne1 rtc~bly ce:-tscs to be co¡n­
prchclr'I\C :1nd so, in th1~ sew;c, \\e :-trc p11ma¡Ily intcn:::.tcd in m,1cro or 
ag~rL~.!tl •C llll)LlcJ~ \Ve shoufd note, hO\\C\'Cr, ,15 1\'C ~h,tiJ SCe 1!1 rcl,ltlnn tO 
'PL'.:iic e'.lll1[jlc~ bclow, th.tt such 111odcb can be givcn nucro-~c.tlc intcr­
prc t.ltln,¡,_ u~uc~lly in prub,tbili~tlc tcrrn<;, :-tnd much can be k<~rncJ by 
llh;,¡,llS th.~t th.:: thconc·s \lhich und<:rplll t"•r moclcls .tr.:: m.txirn.tlly con­

~btcnt \\ 1 th con t:'>ponding IIIICrL)·bch,n 10u r.1! :<cOIICS One fu rl hcr cornment 
on thl'> pu111t 1~ in ordcr rnicro-:llldi)~IS .tt the llld11 ldu.tlk\el m.ty ofll:n be 
a [10'\Liful too! for thc Ident,fic.ttlc'n of prohlcms But, v.hen pol1cie~ are 
I111{'k'"'-'Itcd to solvc problcms, hü\\e\er th..:y werc ~tkntificd, thc11 it is 
li'ti.d!; li11p•11L'Ilt to trc,It thc S)~ILI!I·'.IIdC llllj).tCh ofthc~t: poJICICS and t!JIS 
c.•n onl; be .ll:compli~hcd 111 ,1 col11¡1rch•:'l,i\e fiJ.Illell•'rk Thi~ IS pcrh.1ps 
011e of thc: 111.1111 rt.:.l'>Ons for the 'tanv: .tdoptcd In thh bonk A decpcr di-;­
ll ''•''11 \\uuld tal..e U<; bcyonJ thc scop·~ of th1s b•lok, but the intcrcqcd 
re· :•' r L.'11 fltlr\IIC it furthcr in t!Jc f'dj'Cr Clted l'.lriiL'r (\Vd-,on, 19/2) ror tht.: 
1¡¡¡.,; 1 -1.:~' flll\ CICr, W<.! ~h.t!l ,!'.\1111\1. th.1t \\<.:die COI~L<'Il1•.d "it!J lll.icrO Or 
,,_._, ·: ·''''- ""'·'•.:!'. ar_1J the t"hn:t¡Li<"• r~,·.·:I:-t·.d .1rc Lhu· ... n \IIth th1-; 111 
'1:· ... ! In ... ;,L ,,,<J,t,ltulli·.ld· .. ~uLh .h th~· 'tud) J)f¡nJu,trL:IIocttloll, 11ll1Lh 
pf :!: ·¡p. •' ll•11!:d,11¡; h.t' 1Ku1 11h.1t 1\•: h,t\<.: c.dlul c-,-,cl1tl.illy fliiCfO, ami 
" ll : .. l :',' 1:. 11• _·!..:llc:d 111 t!J¡-, cii.'p:n 

1 1 ·~ '¡,:, :\•.:11 111 th~.: dh:Lk lht L''~"'''l<'cl thc tlc.illll•.'l_l! of 111110.: In thc 
L .: l.·-·,,¡ l"'- 111<>11 •li!Jd.:J,, th..: 1111p• ·1 t.:11t 't1111e' qu"t'''" rc:l11" t~l 1dictl~:r 
:i:c 111• 

1 J !•11 J.j,_r 1~ attUilj'tlll¡_! t,¡ Iq•o• ,,_dt t!J<: [lll.d Lr'l'•' '>LI.t!l>ll of <lllC 
,,- l'' ,,. '¡<,·! .. _, .1( ~01111.: p¡>lil{Í,) 111 {llll•:,Of thc lll.Ir¡:ill :J Lh,lll',;<; bdi1LC:I1 
¡· ·• ¡ .11 !11111'. ·rh1., .1g.t:n tu:r" llllt to h.1\<.:" fllll•IIIIl•:llt d hctrll,:_: 011 

1 :1._ J>LrfcLt a11~ '-Lf tu tlw cji'L'•ll"il l'.<•!ild h,; to "'k .1 ful1) 
·:' ,'-_1 lll ',\hllh t1111C \\,l'> ,! L<lllllllll'lll~ \,:IJIIJic \\!Jil!J h.td hu:ll 

1 . ' 1 .1 \ L r y ,, ) 11;; t 1/11<.: r·- l i' . '' .., Ll ! ; 1 1 t h, 't!I u '" ·,- ~..;,_! 1' '11' .!1; d 111.11 L 111, d 

ch.tngc-, 1\t.:r•: prcd!Ltcd hy thc m•;•kl Thh ¡-; I.IIt.:ly p•h'>iblc 111 prc~ct¡c.:, ¡f 
011ly bcc:tii'C uf th•: I.1Lk nf ~ult.tblc t1111<.: ;eiiL'' dal.l In fact, m.tny cro~~­
scLIIon :nutkls h.tv.: bct.:n dcvcloped r,)l d.tt.t 11h1ch rcfcr to onc polllt in 
time only, .tnd tlllh .11e not cvcn tL'::.kd on .1 lllillp.tr.tllve -;t,ttlc cqnd1hrium 
bJ.'''· \\hile thc r.ticr Ill.llgll1.tl lll(ld• 1:, thl' di:· ,_Ltc tn ü,dy a sm.Iil numbcr 
of points 111 time, oftcn only two llui\C\cr, the .tll,\\t.:r to the quc,tlon 
depends to some extent on the mte1 c~t .1nJ purposc of the modcl 
buildcr lt is gooJ to be ablc to moJel ,1 tot.tl cros~-scction, and some­
trmes lack of tune senes Jata mc.1ns th.lt th.tt 1s the only posstbdlt), but 
a modd buildcr may be intcn.:~ted only 111 the dc\clopmcnt of ncw hou:>ing 
in· the next fivc year~. tn which ca~c a m.tr~1n,ll modd would be more 
appropriate. 

A model is a fo1 m:~l rcpre~entation of a thcory and, as ever, the most 
irnportant t.t~k for the modd budder ~~ to scá qut aPd devclop an aJcquate 
and approp11.1te thcor et1c,t! ba~is for his modcl \Ve h:t\C ,t\r<!.1dy d1scusscd 
a n,umbcr of prcliinin.try thcnr<..trc.d quc~tll'l1~ questtons of a prime intcrest 
in pc{)plc 01 stod-, in act¡•.¡ty or L1nd use. thc m¡cro-mado quc;tlon and so 
on Mc.tc dct:td \\¡JI bc added in the 111trodm tl)ry p.tl ts of cach sub-section 
Wh!Ch fcitJO\\S, \\!JCre thc J..inds ofh)püthc'c'S .111U thcc;1ie~ to he rcpíL'>CI1tCd 
in thc mo·-~~·ls :-trc dt~cu<;scd Thc dl<li'>"Pn on th1s topiC, thcrefotc, wlll be 
post poned 

The nc\t tiCill in thc ch..:d. l1~t r..:l.tt<.:J lo t<:Lhniqu..:<> for modd budd1ng 
A numbc·r of tcchn1qucs can be di·.tln:;ui.,hcd, though, as \\C sh.dl scc, thcy 
ovcrbp .t'ld C<'!I'plcmcnt c.tch othcr 111 1.\IIOu:. 1\.tys Thcy mcludc 

(!) algchi.IIL' 111L'lkl~. lll•:luding "' 'l'L'u:d c;¡•;c~ ·,p.!tt.t! intcr.tctinn nwdcls 
:111J cntrop:. m.t\!Illllinr m•'ckl-;, 

(2) m:-tt'IX L'JlLI.ttc'r lllLl(kl.;, 
(3) linc.tr pw~r.tnunrng modcl,, 
(4) diffciCllti,¡J cqu.t!lPll,·dilfL'ICI1LC eqllll!CII lllOLkJ<;, 
(5) s11n 11l.t t :•111 nwdels, 
(6) CCOllU'Il·~trÍC llllHlcl<;, 
(7) n!l•lkl., b.t~c.!,,n t.:<.:PIIt>lllll thco1y, 
(8) CCtllO!;;IL,¡J tlll'dcls, 
(9) mod,;l-; h,¡-,ctf <)11 thc thull} \Jf g.tntc~ 
Thc't.: .ttc ilt)!.li•lcd 111 .1ny J'IIIIL'llltr ordcr lt 1~ dilliudt, llltb.:d. to thmk 

L)f any 'IP:_;'L ti' n,.l,·¡ f(lr -,uLh .t !1-,t (lt ¡, .tl!lltht 111'P''-":ble (1) ¡, .. t thcm 111 
IIICfe,l'lll; tHdc, uf 'd:J~¡, ,dl)' f,,r C\ t•npL·, ,¡· •. 111 llll''·t L.ht''>, th•:rc .liC '-lillplc 
:tnd ClllllJ 1JIL.Ik:l /llt'tJ.. ]._ b.t·-L.J \111 L'.ILh k< hr···¡ttL') 1 he l'"L'1h.c' llf l'.l<.h 
,tppw.tch '.\ 11! he· c'J'J.,im·d 111 h1 •' >d IL111h 111 S,·dl•'ll J() 2. and dcttil, will 
only he prL·- .. ltcd 111 ¡cl,ltl<ll1l" J'.tlt:Lttllr c\,'11'1':-·, 111! ttcr 'uh-,cctt•'ll' The 
preLcd111,_; d¡·,r_¡¡ ,·,¡·•d h.t, r,ti·.·,·.J "'ti':' ulPLLII1< d \\llh P''["il.ltl•'I1 .!Lii\'Ít~/ 
ph~ ,¡,,,j •;[tl•.k f<'C1, JL'I'l.It1¡l.',t1J'rf¡ rLI.il!<'f 1 •h: 1·, •• I111Lr<l,'I11.l<fll qiiL'\lhlll~ 

.111J 1:11\ .·. , • i!I•Il '¡;¡ lf ::'111 ¡f f,,,_l lf p.:! lh .. llf.!l IL'Lflll:qllL'> Cl>lltl ¡]'lltC [1) Lll1t.: 
IOLll'; I.IIh•.I th.tii .llll'l],•_l, thl~ 11dl be· il"l"l 111 thc· 11L\t '><.Ll\.111 



.~!:..;-t·hru:l· r,~.JCÍ~~~~ t:\ :Jrr_ y·, r~:.l\~tll~~flif·' hct\\L,~ll V\l! tdblc~ U~111g tlt..: 
op.:r.tt:uo~s of t:k!llL'itt.try >l~·~hLt •:uv¡•;,_-j ··• 1tl1 thc _n·.ll1n1t of ,\ flll'ltion. -¡he 
r.·Lci:tlll ,hip~ 111<1Y 1!\1 che lDt:l)i'~ 11 f (.lll ·lity. out ti¡,~ 1) no! llt.:Lt:~~,¡ry. A 
,p,:..::fi..: .;, .1ll' pk of algd1r.uc r:11'' kl:;.i·, t he f.:1 P d:, l'f .\¡:ut IUl in tu u. /:¡_; 1 ''wdds 
•)ut_l,¡tc•l 111 Ch~r,ta 6. \\'e h,i\t: ~tirt:,tdy d1scu~sed ene such modd in dct,11l, 
thc rct,ul ~:tks modd 1n C'h.tpkr -1, wh.c:-~ tlt,~ r~.·aLkt \\il! ncm ¡,_..:o~ni:e <tS a 
prul!q.~t;c1;J-•:onstr:l11~CLi \p :t\:1! :nkr.tctiOn modcl Thc: <:<;Scncc of usin6 thc 

co1:, ·pt d~p.ttidl intcr.tctJOr. i:1 .: loc.1t1un n·odel is th,tt th..: ,1cttvit) \\hiLh 1s 
bc;r.~ \·.:~·,lteJ ha·; a stror··~ lltter,,Ltlüll wnh s,;mc,otha activ1ty In tt:c c.:t~G oí 
th..: 1d.11! ~.1ks n!cdcl, thc .1cti\ ity betn¡; loc,¡tcJ i~ r~!a_tl~;1g ,1nd this wtcr.tc\<; 
~trOt·gly '.\1\h the restcr::nt p(lp•d,tt•ü'l allll ¡t; spendH'g po·,,~r (\\iuch is, in 
th ~~ ,_.,, "<', a~sumcd t•J b·~ g1, en) \\'h,·1; a 'l'·\1 ,,t! i nrer.t•:tton m o del 1s u::.ed in 
thts \U), tk g,i·.·~n actlVll)' is thc cor:~t··,l,nd p.1rt of a :,ingly con,tr.lined 
rnctld (it cocdd be either prudti<~tiou- ür .Jttr:-oc:tion-cunstuined) and the 
oth•:r :1cl1\ ny, rd.ttin3 •o the otilcr cnd cr thc· Jnl··¡ .ILll•)n, is obviOLi.:;ly un­
COPStr.liPCd, iltc total vuiu:pc: cf th.It .~cti'.Íl; ¡,,,_-,¡~, d 111 a 701!(~ !S ohta111cd 
b'y :tdd•ng .1~1 il'C /10\\S !lllt) (01 Olil ol') thc 7011C. 

Thc ~¡:-.,,:, .¡ 1n!nat.:t101! mod<'llt.ts mc-.tly be··:~ u·.ed !o rt.[JIC:.cnt ft.'Idcntiai 
loc.tti•111 111 r·~;;!iÍ•Jn to th•: Ji~trih:t1on uf ".ürkpl.:,_c~. and the tltdi;ation of 
sc1 \!u.:> 111 rd,ttion to !he d!>lflhutmn of popuL!!ÍI)Il (Thcs-: tw~ mo,kJ, c,tn 
,liso be •-'Ll11plcd wgethcr, a~ \\t:: ·,h,;!l '>CC m Ch .. pkr 11.) ~.-!o.;;t lypic.1lly, it has 

b·_cn u~c,J to nwdcl ptlpt:l .tio'l act,., it~ r,1thLr th:111 st<•c!.; ,¡nJ the tor:d cro~s­

~ec.liL'n í,':h,_r ih,tn f"ndi~in.II <.h,tn¿c, tl~uu¡,;!1 thcre is no fundamcnt.tlli1!1it.J­
tltJII """'JCI-'lul \\¡t}¡ tltc techn;qt:c In thcu:ct!c.!l krrn;, it can bt.: ~c.:n as a scl 
of cqu,ttlol':. ·.1 !u eh rcpt c:.Ct!l :1 mockl lll dcmJPd '>lipply inllr.tct¡on, ,;nd 
tl•c l11l1Lklk' has to be p:11 t!Cul.tdy c.¡r.Jul 111 i'l~ trc.t!Pl•~nt nf 'UP:'ly-s:de 
\;l!¡,t]l;l'., l'.tthin tht.: model r urth:,' :\'., \',(! 'ltW:d .n Chap~cr Ó, sp.ll!,tl 
Int•'r,·. !Jtl!l nl,)dels c.1n be "e•:il ;,., 'i'L,_,,tl c.t't:" of ,.,,;,,lfl_l-'1'</i 11111::11/g 

mu.!,/, .11:·! thc ~l;tlistiL.t! .t'>u.I:;HI~ inlci¡':Ll.llll>ll of ~Lki1 modcb hc1p'> 
to rl'! 1•:.: mi~.ro and ;:J.tcr > P"!'LIL•1iun oL .t>-Ull.tit:d 11:oddl:ng t.bl.:'> 
{\I,·¡J •"l. 1972¡ 

-¡he,_! "'· ,,f I!1udcl·.ju'>t hndl} dhllh,c•l ~~ ,,::Jy .\ ~lll di '-tiO-\d tlflhc dt~' 
pf .~:..._· :·,, 11•. ¡''c'l'c-1..., ,\f~· !..,r.L't. ;~· ld~-1 h~J':tlld~ ··'di .d\\~\J' rLpr .... ,~11t nn~ \,f 
¡L .• "".: f¡· .. r:"td tc-:h¡n, 1u:. !or :he r<_¡:¡,·c;ti.!!Í•>~l ,¡f thc"fl'-~ lh lll,tlll 

~··L.~,._ , r,_! .l·-" tv lhc lle.<tr,•·:tll ,.r t1111t.: .t'> .•·utkd ~\iih ~uch !lllldt:l,, 
t1l<Jil :1 th,' 1:1 t:a>ily b·.: r._,_¡,:~ d h¡ ,,dd:•,~ t!Jc lvc.f, uf tl.: ilill::t,·nll.d 
L.·\·! . · !': rhc.: tht.: uf,~:l~···'' .,, ( ~-~¡t· "''''''··'" ,, ... : ~h.dl -.t>: l.1tcr. 

\!, ·· ' · .... ,.,JI nH,d•_l; ,"t: r·:.:l!~ (•-·-~ •1 ,,1·•:_, ,,r .d;_:o:l\¡,•:•_ ¡¡¡,,,¡_.¡, \Vc 

· ' _ • r¡ • '~- 1 ·' í'!. 1 ,_- :1 1 " k 1 
, ' • [ < : 1 :¡ •: · , 7 t ll .t t .!1 e 'n ¡, 1 \ f, •" n u ! . ll 1' "1 

, ~! ' ' ' , · , d ;¡ o,; r: t l! ¡ 1 1 -: .. ~ r ' f f n ",\ ·. 1 r. 1 í '1 l ~ 1 r i \ i': ·. ( ; o1 {' ;1 ''l ir \ ' \ h '-- J l 
1 • :, '\'LJl•)•·t ,,:,,,',_·f ~~r{ L :t : ... r -\ 1 (Jr •• d) d!!t··r ... ~ .... \, d 1 1:t· 1 --~~ty 

0f tn~llr;~.,,·"· ri1,.,, 1t v...uuld h.: ~;\í!'"'T,ll-'.J' ct:•r·~\.,.r 1·Jl tü U"-c :fl.:tfl' c~~n:\.p!. 

T~l<; rc.IH;'.¡IIt' k,, bc'Lil ofr..:l,¡t¡·.dy l!!1!.tn! .tppllc.ttiL'JI i:l ivt.tlÍ<~n,•l .IP'tl]~l'o, 
but could búo•nc lllCt<::t";nslY IPlpOt t.1nt ¡f mul'i-n.:gl''·d >erJ1Lln~ •:of tl-,e 
tklnngrJ ph IC 01 cccmom :e p¡odcl~ of Ch.1 p1t:1 ·; 7 J nd S .t r~ .L!'Pii·.:d to ,_:,:.kn>~ 

of IP!t:r('::.[ m:lck li!J Of Vt:ly Sll~-1!! 'rt:gH)I -;', Of !vnCS 
LllltW pro:;rulllllllllg mo,1cls 1n loc.1ti"n,1i an.liysis ,¡re dr.:n co,:(u.,,n!? 

becau-;c 11 is not alwa)S cie.tr wh...:thu the resditill~ nwdd i~ pos1tiVt; or 
notmati·,c, sincc, in m,1ny o~<'', some m·:.t~t!rc of \\clL:re ur t.ult:y i~ l:x.;ng 
m.lximi;cd rollow¡ng our ~arlia comm•:nt on th1s <¡uc,tton, \\e\', il! consi•'..::r 
oniv mude!~ m whidt thc obj,~dlvc ftn:ctiun ,_¡1,H.lCtcrizcs b:!u .JCur. ami 
the. re-,ult1ng di~tribut1on of ,tCilvitieo;, rnay or nuy not be optint,li in so:ne 
normativ,; scnse That is a mc~ttcr for sep'Hctte mve~tigation. (Linear pro­
gramming tt_chniqt.c'> may be uscd addtt10!l.dly ,\., p:trt of:t pl.1nn1.1g prtX< >'> 

in '.vllich a bdlavtvllrJI :-nodcl has bccn u-;ccl s.:p.11.1tdy to :ISS<>> tlll~',1Ct, hui 

thc term 'mod·~l' \' tll not be us.:J 111 th1s conk\t) The tccltqique c,"l be 
emnloycd v.-hcn 11 i~ pc•S~!ble tu co1;slr:Jct an obj,···tivc functjon '' !l~<:h, '.vhcn 
ma.xin1ÍZLd suhj<:CI to lmc.1r con ... tralnt;;_ rcrroJLic.:s_ bcJ>,¡\Íour. lt has bcen 
u~cd mo-;t comnwnly 111 ~tuJie:. ofrc~ldC'!~tJ.tllo•:.tliL)ll .tnd :ndust1 ¡.!1 '''Cltion, 
but :dso 111 rcl:tt!on lo l':lnd ~~~e. 

D~(jcrcntiul t'L¡r·utiom ur tlijj·¡.,:•¡u <:c¡uatiuns .1rc cottcern·:d \' !lh ch.1n:~·:, 
\vtth thc ocriuJ of ch.1ngG bcing mc.1~ur•:d by sn;1 e lr,d:pei'dc'Pt v.m.llJl,;, 
the v:HI:ll~lc l•ei 11g contn: uot<S in t l·,e f1rst c. be, ú l:;c,·ck 111 t he ~e,_n:ld Ty¡:,¡c,Jlly, 
th,!l v.H!,:hk will ~e rim<.: 111 our t:.l~•:, rhou¡_;!i it t:01tld 111 prnlL'I'k l:c .1 sp.tti.d 
v.~r~. 1 bk In dTcct, tl:c h1,l] ul' p¡,>thcrn.l!ics .t:,~UL'J,Ilcd ,. it 11 thc~c· conn:pts 
<;1;Í1ply en,¡bk:. us !1) h.t.ndk tune propcrlj. '.\hcn ,,e .ue uth:r1\Í'c c,'i-'·:hk 
of d•Jim; tlll', (\Ve !n.ty be (und.ull.:l!r.diy i1;c :1J,thlc of 1!, bcc.tu,·: of dJtd 

Íllnita!I~~1, (or ex,11nple) 
Th,·t-: a1c. GÍr-:um~t.1!lC<:s 1\ht:n .1 11\t)tkl c.1n be 'f'<-t.:t!lct1 .h J sct pf rttk' 

wh•c!1 Cll:lbk l;lll·llbcr:, tu bt.: orel~lled ú'l, U::,llall] lil t]:t: Cl'dlrllkr, thC'lt::;h 
" ' 1 th(' 111k '> ,tnd ti' e Ctil·l~,·c¡uci•Ct:~ of arfll)'lllg ¡]¡,:¡;¡ t:.lll'lfJI be\\ lil!l'll t Ll'\ 1; ·.1' 

a '>Ct of ,llgLb,,uc L'l[ti d,!ü,J~ Such 1:1.!1 11<:111 :tt<''> ',\.1'> ctlkd .tlgvrPhllliC u: 
Ch.tpt<.:l 5. \Vllt.:n ,t ml)dch~ ,;-,o,cmhkJ 1n th1~ " .. 1~. it ,.., .d::,,nt!to~.k. hu! 11111 
llt:LC',..,:ll dy tlll .tl¡;tlr!tll'll' Ít ·111,1) Ct'll~j,¡ of 't:\e: .. l .tl:_!t 1 rithl11~, t1f .dL!01 1tlllil', 
plu" lljll.d;t)l\~, .11'd it .:.~n u-;cf~-dl; be c.tlf.:d :t \¡,,,,f,Jrl<•n 111<''-kl, ththlg:~ the 
tt.:rm ·~lllll,l.!t•t•ll' IS ~·•'lli<'t111'C'> U-•:cf..l,1 11\ h ll1t1!e \\ !<!>'!) S• 1•1lc'll 1'c",, tl·e 'llllll­
),1( j 11n t-.: el, 1111 ¡u e !uld'> 1t 'C: lf ¡¡,¡tu r.tl:) tn,,.l p1u h !. · 1 q Th 1' h. 1 PI"' ·:1~. f, ,r '\,1' 1' ['lt:, 
\~hLil t!.c lllltf.:l))lll:; thuH) Cllll ,j.,:-, uf ,h,'·Cl nf ',!,1~< oii•_'IJ(> 1:11• 111 1'\S LOI\1

1
1 

tl<'ll.tl ¡.r,Jl'.:hdltrc-.. \!•He ;;cn,:r.:!!y, •sc 111i,_;ht'-.1;. ti. tt .,.,,; <L'·'''.t t>~ '-llltlll.tt;n:t 

t~·,_l; ll Í<j l'•-''> r.~r '>lt 11.1 ti< )ih '.\ l: lt_ h ': 1 e ¡,;,) ~_-,Ji 1 .;J,,, 1 ;, 11 [() t-.... h '1 ,l !le' 1 hy l!lt:fl' 

~tf,ll' htf1ll'.•.Htl ,t!"o_l>(.LI<_' ILL!J.I'l,'LL'- \\',; ]¡di •'-''-''-'.tllll'"' h.lt•\1, ft<Jilltl•t: 
r~'dtf: .. lt/ \ }, \..1; !t)t~ 1 ::..~1t ()f COUí -•, tfh~ ilt'IIt)!~ ,,fu-.¡·:~~-.,¡¡·:'!! :rr,,;) (CChíllt.iiP .... :') 

!!~t"'~ I'~L'-''r!; h,, n L't'.t.ll.l'-!l:) .. ¡d!lll.d l,,,,),t ll' :!·e utl'.tll ,J•t\1 r· .. :~:'•H' 1i 1:1 ,,¡,_) .. 
!1:1" ;\_id 1•. t!h t!t<- .\<)1\: d F:.:1 r( .\Lr ( !')1.'-\, 11.l(•'l) 



r:l '"i''ll:<"lr:c moJcl11ng tclbllllJUe~ .trt; ""'-d lll ,¡udy rd.!liun'>hlp~ hdl\ccn 
V.lll.d'l,·:-. u:-.ing the mdl1ods of ~t.ttl~tt~...d .tn.ily'>IO> 1 he rdttlon· hip:-. tN1.1lly 
h.!\ t.: '""h: b.t~IS in cconomic tl\,:•11 y. though 'c,.np,)!ltctrlc' ~ccnb to bc uscd 
llll"c 11 l<kl¡ ltOIV to d':":t1bc- .1 cet l.tll1 k.tnJ of :-.L!ll\(ll,li .ll!aly:-.1s. The 
rcl.ttl1'1,',]11p hdi\CCn thc v:t: t,tl,k-; ar·~ oftcn of ,t l.tth~..r \i!llpk kmd. thcy,are 
tHI,tll¡ ~1ther linear, or can be tr.lllsformcd in(L) ltnc.~r fonn by t.tk111g logs, 
for C\.\!!lplc It IS this simpltcity (m,llnly !Jnc:IIJty, and ,1ddittvcncs:-.) which 
hn11b thctr uscfulnc~s in loc.tl10n:11 anal)St<;, but c'<all'}JkS wd1 be ptc:-.entcd 
bclow ' · 

Of th:: rctnaining thrce technllJliC arc.1s l1:-,ted .tt the end of Section 10 1 
e.llh rcp!t.::,cn ts a w.1y oflook ing .1 t a problcm 111 loc,tiJon,d an.tl) '>IS · econun11c, 

ecolog11 u! and game-tfreoretlcal The rc~ult1ng modch us..: a comhm,tiion of 
the te eh 11:q ~1cs mcntioncd ca rl1cr, but are each con-..! r.11 n..:J by th..: ru k~ of the 
vlc .1 ¡:Ll«ll ,Hlopkd In sorne C:lSt.:s, th<.: rttlc:-. ,1JHI vie\\ point<; .trc so h1ghly 
dl.:·.t:lopcd th.tt it is uscful to cons1dcr thcm as a modcl-bui!ding tcehnic¡ue 
The ClL1i10IIt!~t's mcthod of loctt1onal athtl)sts is typ1c.dly b.tscJ on the 
t~Jcor; of con~ u me r's be ha., iou r, su it,tbly .tggreg,t tcd; thc ccolog1\l 's .tpproach 
(1n the 'iúlllll\ h.tt oiJ-f.t)hion•:d Ch1ctg<l ~cn~e m wlt1ch '"e are usmo the . ~ 

not1011 h.:rc) 1:-. b.t:-.cd on such eonccpts as inv..J\IO!l <111d ~uccc'>>IOn, thc game 
thcomt hj¡;uthC'>ilC~ a loc.ttor playing J. g,l,liC ag.tlrht othcr loc.tlors, or 
ag:1111'1 !he m.trl,:ct Each appfl1.tch h.l> bccn tht..d, .tnd cx,trnplcs -w11l be 
prc,cntcd hclow of all but the l.t~t ·rhe drnlculty of the cconollliC 
appro.1d1 ts tl1.1l of :tggreg.Jtion from :1n C'><;Crt!i,tlly ntiCIO vicl'.'point toa 
CO'llJ11t..hcn,ile onc Wlthout lo,ing thc e-,sencc of th..: ccono1nic th..:ory by 
turn111g 11 Into an O\CI~Impl!ficd ccorhlrnctrrc m•)dcl Thc ecolo"Ic.ll 
ap¡¡r,, 1Ch h.1s bct.:n h.tmpe1cd by thc d1niculty of forrn,tlitlllg 

0

and 
m.;thc:ll.lf'L'II!lg 1!. Thc gamc thw1y apptoach is h.tmstrung by the 
VIrtual lll'P''''Ihdity of obtaining an efTcct1ve ._¡ggrcg.ttion, \';htch is V~hy 
no c.\.:Plpk ,., gt\Cn hcre -

F111Jlly. \1•~ 'hould note th.tt thr~ t..:chnit.¡lll.:'> c:1n he ohl.tincd in v.lfiOll'> I',Jys, 
1:1(1<'·. 1 1• • .:: 11.1·<.: .tlrc.tdy h.td C\,!mpl·~' llf thl'> 111 th~ ""Y Jll \\htLh thc 'vicw­
pó1 11 it..ll'llf.liJC'> c.rn he cnrr1llilicd \\lth thc ll'>l. 

HU. \l! 1: i()() OF I'I{OCFlJl Ht-: 

l 'l ( 11.11 • ¡, f J ( lll f Ig U rv, ) 1 ,t!!d \ 2 ), \\ <.: id C!.! lfi, 1 1 .111 1111 L1 ·:· l lli t ¡,,: 1 <ll ;¡ti 1111 

<) f j · 1 'd ' "• <1 l t 1 fl 1 IC'> , 1 !l d lf :e 1, > ·- \! '"': ll fe ll' 11• ·,: 1 · '- .tLll", ! ¡ ''· ', . • 11•! ( 1 11 ¡-lb tri e 
.~3) .. 1 ,i ·: •11 .1 dem .. l,d,\tTJ':; JLf.l;l .. n-.h;p \'.ilh c· ... _!l uth<1 lhu..: .1rc 
>.~r••', .•. ·_..l•t\dlllh\\ccou!·J¡•I"' _,:d \'.'..:u·uhll,t~cpllttu.I.,rp•>pul.ttill!l 

1 '--' 1 · • 1 ''- · ·' ' '" f Jl.! r t ll U(.¡ r CCO!l O 1111 ~ , '•-! 1 \ 1 t 1< .. '> , t'llf ,f 1 , t..ll ', t ¡, C , 1 '> \CJC 1, • tcd 11 "le k 1 '> 
.\JI._ 1 ;, • :). ·' •: llltdd 1kr111L \UiJ·,)'•: 'il, 1.'· !l.t 1\ l!ll .. lll pm.il• d h(lth dt..lJI,trJJ 
1''·' 1•.': '. 1 ,_, it.1111'111 '· f,H <.:\.1:11¡·!.;, 1\r; coulcl !.1(..: ,1 re·.nknt1.tl \):>kili 
"!t._:¡ 11

·, ' 111 'd~lt,_d th~ ropul.tldJ!I•~ dl(•l,lfhJ f{lr fL ,(dLih...L" (11 1t/ thc illCLh.!Jl· 

t~m, of hn11\111::; "upply Thc1c ,11..: oth..:r ~~.ty~ uf cutting up th..: wh~'k system. 
of cuur-..c, ami snm..: rPctll<'<.b cf k,c,,tlnn.ll .tn.dy~'" do not fit into etthcr of 
thc.: fr:JIIIC'I!Oil-S wh11 .. h h.tvc bc..:n nh.:ll!Ítllh:d In thc bq an.lfy-;is, \~e mu-,t 
be conccrncd wJih th·~ tut.d ~)~klll, th,_: g<;IILf.tl llH'clcl, and \\C shc~ll rcttllll 
to this 111 Ch.tptcr 11 ;\k,lll\\hik, \\e -.~di .1dl)pt thc fir-;t of thc: t'.\O frame­
worh .111d consi<.kr 111 tutn thc dc1n.tml ~i<.k, the loc.ltio11 of poprrlation 
acttvltic<;, 111 severa! ~eL! Ion~, ano thcn thc.: sup¡.¡ly sido.:, thc locatlnll of ccono­
mic ,Jcli'dlics, in one scctillll only. Scvt.:r.ll scctions Jrc ucvotcJ to rcs¡Jenti.tl 
lo .. ·,ttion ( 10.4- 1 O 8), and th rce to the utilit..t t i<m of ~c1 vices ( 1 O 9--10.1 1). The 
suppl) wlc, about wlllch les> is known in moJ..:IIIIlg tcims, is discu~~ed in 
Sect1on 10 12 

This divi~ion has the sub~tJnti.tl advJnt.tge th.1t 11 cbnfics at thc o~bet, 
two of ~he issues r:liScd in Section 10 1, concc1ncd \\ ith population .le{Jvity/ 
physical stucJ<, foct and dcm.lnd/supply rclatJ<JJhhip-> \lthough thcrc JS sorne 
overbp, Jnd ocea~lon.tlly supply con-,idcJ.1!tOit'> wlil be ment10ncd 111 a dc­
mand section, and VICe ve1sa, in thc mam Scct,ons 10 4-·10 11 are conccrncd 
w1th popul.ttion .tctivJty and demancl, and stock 1s one a<;pcct of .tll supply 
aspccts in Sect1on 10 17 In rcLtlton tn thc third (macr0/m1cro) issuc, we h,ne 
alre.1dy ucc¡Jed thc~t our go:tl of con,prchensl\._-:nc·,-¡ forccs us to .1cccpt an 
agg¡eg.t!lvC pns1tlon, though macJ~'/il!lcro rcbtwnslups w!ll be.: dt~cu~sed 
whencvcr possiblc Tl11s lc.t\C'> us w1tlt thc cross-~cctionai/Jll,llgin.ll and 
chotcc-of tcchrllgucs Is::-ue:-. and thcsc are di,CII'>'>Cd m p.!rtlcttl,¡r s~:cttons ,¡s 
appropri,tte. 

10.-t. RF::;IDEiYI L\L Ai\'D \', OH!\SIIOI' LOC.n JO:'\: Br\'SIC 
HYl'O 1 JI:·.SES · 

\Ve can hL·g¡n our dhCll'i'>IOII of thc hjpotlll'~< ~ to he butlt mto our models 
by focn-..mg on indtvldtr.tb or hou-..cllOid-.,. \Ve ,l"tllnc tlt.tt the .!ppropri,ttc 
rnrcro-un1t for thc stuJy of res1<knti.d loe tlioll ~~ th..: hou\chnld (more orle-,-; 
by dcfin1tt•111), Jnd fnr tite study 0f \\od.pl.tce locttion, the mdJ'.Idu.tl 
ÜlC:I\IOJl.ifly, \\C >h.tll h.J\C JllliCtd!j 111 rt.:Ct'lll d1ng tiJc (\\0 '.ICWptllllh 111 a 
srnglc 1111'"•:1 b11t, fur thc lllllc bclll~. \\e ... h.,II,J\e 'tndlvJdu.d' .tnd 'hou,choiJ' 
al!lln:-.t Intcrch.ll 1gl',lhl), .tnd ,1\'-tlllle th.1t th•· 111t•. lilkd il1l'.llllllg 1'> ck,1r from 
thc ltlllk\t \'/,; ,l'>'lllii<: t!J,tl C.Jl'ft 111dl\ Idu,d !r,l'> ,l ll<:Ct! f~lr ,1\dtcl, <;Uihi'>lL'IKC 
go•>r!, (!iKlud:ng \LI'.It .. c)) .111d .tn .t"l>ll.1kd lllt..l"l'e 1\ilh -.~ltit..h lll purlh,hc.: 
b<Jth 

S1nce mn~t 111L<'IilL' 1'> dcr11cd frn1n ..:tn 1'1'':'11•·:lt, thi-.. .11 k."t l1n~o; 'homc.:' 
Wlth \\orkpl.tcc' 1 he;..: i~ oln~<•u·.l; .d·.n th: pli]'lc.d 1111~ .. 1:;~·. ',\ht~·h 111\0ivcs 
an a"sumcd d: ... 1:td1ty llf tr,l\cl .1ncl, "' p.11t ,¡f th1-.., .1n cxrlnd1tur..: n11 the 
JOllrn..:y to \\'lH¡._ \\ !11ch r~_du,_-,.., th,· d1 .11,1,,Jhlc lllC~•m..: .1\,!ILthlc fllr '>hclter 
.111tf '>lih,"l<:ílLc' 6tll'lh rnr th<.'C rl'.i'llll,, il '' UllfÍCIJ!t (O 'C¡'.Ir.lle !he ,¡udy 
of rc,i<klltl.d .tnd \\nlk.j'LICC I"L-Ilil'il 



'-~ ¡¡,,.S¡. ll.ol l),,¡,¡l;n!:l•,, uf 1<1•• r '' 

\\'.; C,lll .bSUIIH: ill:li ,¡ h•.J!I"'IIL'ld llL'~ ' •dlln.: b11l,¡d th:U,Íllll .tbl)U( !he 
all,il.~.ion uf ir;; !ncPn,t· l·" -'~-.- • '•.•.:v¡·;;. •ul•-.1 .t..:r· .. :.: g,1oJ-.,, jntu ncy to 
'\•JI'.; .• lihl p.;.,··.;._,:-,; ·:,' .1> '::>,\11'1<.'·· (lhi::. follo\\s th..: notil)nS 

( .t l't:l¡t_:. tn:..: dc'-dop~.d ~)\ St•.:•t; ( f'))", j) Thc <~lllCllnt l)f monc) .tvad.tb!c 
'••r ]¡, t•-.:n:; (.PHI rc!.t•cJ ~c::t ·.ice·. ,¡"L•: 11 ;, .t>SUP:cd th.tl ,¡ róid.:tlti.t! p.lcLt:;c:: 
,, ÍO<::Pg ptrrch.bcJ) l'd!J b..: d-..t.:r lil.t,c•J r.:rli) by ,t\,td.d::k toLtf liiCOll1..:, 

t,,,, !l:,. b¡ p!cfc•<·nces .i!ld p.trtl) b; .,, Lt p; nn oiTer lt i:- ~implcr lo think this 
:•n.:f),IS ¡hruu:;h for on.;·'.\ürka f¡,i,_,..,,Jw!d.;, but rc.d lik rs complic,ttcd by 
rile e:: ,:,knc..: of no-1\ork.:r and multi·•'.CI k..:r l¡,,,heho!Js 

G11e11 chc::sc bro:!d dcci:-inn-;, th..: indt'.!du·¡¡ or huu~dtt)U c.m thcn carry 
out a s;:arcft among avaih1bk oppnrtunit1~' Tlm n1.t) be a join: sc:Hch for 
buu.:e and job, or for housc ,¡lot:c (givc:n a Jv;J) or for a job ,tfonc (given a 
hou-e). Thc pattern of avaJ!able oppo:tunitic::. is, of cour~c. continu;1lly 
ch.lllgtn:; through time. Con•:cptu.11!y at k.t'>t, wc can .t~sume th,\t thc sc.trch 
lS ~:ructu1cJ in rclat;on !o typ.:: of hou~..: (silc, agc anJ cof1(]itiOll, tcnurc and 
so on),lucJ!ion (ami, in p..1r tictol.tr as~ol.Í.ttcJ lllll,,tgc::" lo worl.;, scrvic~> a!lli 
so on), crnironm..:nt (plly~ic.tl anJ <;ocia!), and p1icc ('.\hich \\tfl rcl1cct all 
•he pr.::·.-ding itcms i'1 tl11.: li~t). 

\Ve can r~(.tl) at this point that 1\1: .trc !tj'1116 to b·; cornprch<:n'>i'.c índt­
\ ¡Ju.!h .1n: cnmpct ir.g in .1 compfic.t te. l m.t rl..d pr,we~> \\ h1ch in vofvcs oth·: r 
tr.d1\1t!u;1ls aPJ thc ~upplicr" of huu,ln:! Thc m..Jrk.ct (or ::.ub-markct:> 111 
rd;ttior¡ to difTcrcnt temu..: catc:;otic~) op~.tatc:s witlt a complcx !>ct of 
instttution.\1 rules. 

In <;umm.try, thcn, our modd<> nnt'>l rdlct:t :tnd t..:prot1w.e thc indl'.:du.tl's 
chotee of !->ou,mg in r..:lottinn to hi:, incnfllc .tnd ptt.:fcr ... ncc::s {l>htch rPc:uts 
th.:t th..: modcfs ntust di~tingui~h pcr•on t) pe), !Jo•t'C l)'!X, lt)l,ttinn, cm iron­
mcni .tnd pncc within a compficJkd 'nurkl·t" or•:J-t!Ívtl In tlt;s .~n.d:,~~~. for 
lhc prc,cnt, \\C are taking th..: supply \Jtk .~~ givcn. 

Tl1<:->c h;puth·~~c'> can nu\., be ::,h ll¡'<'nul (.111d S•)llllti!lll"> si1nplificd) so 
t!•.1t '<\.! .:,111 builJ ,as<;oci:ttcd 111(\tlcl, A llUI'lhcr llf .:x.unpk~ are di,ul',-,~_·d 
b~_·ln·.\ Th..: t..:chniqucs u-;..:d. in turn, :ti<: (1) ~p.!11.d int..:rar:tinlt modciling, 
(11) !.nc.1r pr•J:;r:unming/cconolllll th<.."IY,/t.:u.>!l••llt<.llk,, (111) '.Jlllui.tllt•n .1nd 
(1',) l'l.,ln:_;i,_ d mndcfli!:Jg. - -

10.5. "i' \ 11.\L (i\'J ER \C 1 1:):'- \IOtl; 1.'-; 01· IH~~II>V:\ 1 L\L 
IJ~(".\ 1 ¡;).''; 

Í'J 1!•, ;,,!]t<hÍit:_\ di~Cih,¡Uil. \\1: ,¡1.1¡/ ,¡, ll'•'~ iif.ll 1\C b,t\<; ,¡ q¡•dy ,IIL'.I 

d·· •' ·' ,¡,. ,,.,¡co., ofa ''11!..!•1·: .¡,,_ ... d L.\ ,",.J h; ind!·-~, .~1·.1! ,¡.., 1 .tndJ 
< ·, • ·• ·.: l!: ( : !}(1 t h i~ t, 11: •. ,, (! . 1 • . , 11 . , i'! 1· •·) ._, ,_ , h di .r ,• , ·•:1. ti e 1 ''· 11 h t ~le 

r. · .t' /'J'I .:ndj \\Íth lhc..: ._r!·,d1l;:l't~:l /''llC \\\ '.111 iltl\\ ht'2.!ll ~t> \!1 ,~_q ~.; 

·¡ · · ·1
,", ,, l.t•'l lil•ltlcl; of 1· • 1 

• !·.·,¡ '11<! • ..... ~ 1 -1 ,.,; ¡,,.:,>Jit~ti \\'e 1•.dl 
't ·¡~ tlt;~ ,¡rr,;)!, '\l,l.tfht_lll:!í~ :~. f:t,[Pt" 1 '~.,f,llllllL~lTlJ1ll._·;_~,.qpp!ll dt.d. 

1c.di,trc, nnes _In ~o d•Jillg, ,,,; ,11•:. tllOil' l)f k~s. gÍ\Íng .1 !11\l<JIIl:t! au:ount 
of tite dcvclopm.:nt uf ~uch modck rh..: thcoldic.d h.t'·l'> of thc lli•lúdo.; C.lll 

be dhCll\~cd r.tlhcr bt dly, p.trtl) oCl.lli::.C we .ue búdding •ln th..: thcordtcaf 
fr.llllC\\Lllk l.t;cl Juwn 111 Clupkr 6, and p,trtly bei:.u~o;~ :1 Jet.11kd a~.•:ount o[ 
th..: .:ntro¡)y-m.t\lnlttlllg b.1~1s '' g11r::n 111 Ch.q•tel 4 of .uwt:t•.r hllu!.. by thc 
author (\Vrlo;on, 1970-A). . 

Thc:: simrkst spati:1l Intcr:t•:tion Plodcl uf rc'i1ckn!1.tl loc.ttJon 1~ that 
dcvcfop•:d by LO\\ry (1961, 196-1) JS p..lll of a nwrc ¡;t:llei.Jl motl_d. r~e 
a~, 11111 cd a g!\cn di .. trilwtJon of job<>, ~h.!l io;, th.tt F.1 , th~.: ttun~bcr of JOb~ 111 

each zo11~ j, is gt\cn ,1nd th,tt \\Otkcrs ar..: ,¡jJ,,co~!cd lo rc~Jdcllt.(:> ?'"'":J 
thcir ,, 0 rkpfaces according to ,¡simple sp.ui.tl intc1ad1ti!l h)puth..:·m lf f. 1 

is the nurnb.:r of pcoplc whn live in LllllC i and ~vork in zonc:: j, he a::.~UIII~d, 
in our.notation 

( 1 0.1)-

whac e i'i thc cost of tr,\\·cl from 1 to j, fa de.:r<?.l>ing functiun, ;\nJ g a 
IJ • • , 

consunt. 01 ligcnt re,¡ J.;¡ s of Chaptc:- 6 wdl r.::c(l~n 11c th ~~a~ :tll unu>n-.t r .un..:ú 
sp..Jtl,tl intcr,¡ction modcl, in 1.vhich thctc i;; no rcwk'1ti.t)'(i-7oPc) m.t~> tcrrn: 
th:\t is, thc i-zonc 111:\)" tcrm-is ,t,:,un¡.:J to be l. 

The f.1<..t th.tt thc nwdcl JS uncon~tr.1111ed m~· 111~ th.tt its t 1 Utp11h (the T,1') 

.!ft:! inco 11 ·;1·,knt \\Ílh th..: ,J,-;um~·tltJ,•J lil th.tl it 1~ lll•J>Ii~'>ilJk t<l e llutl.tl<' a 

v.tlue ofg whrch will ClhliiC th.tt (a-.stl'ning N 1oncs) 

"- (lO 2¡ 
,;_;:·. 

¡, ,;;ti~fied We c1n .tbo .trguc:: th.tt t!1cr..: ;;hou!d be :1 rc•,Jdcnti.tf :11.1 ' :, · .!· · · 

som..: 1c";rknti.tl zl)ncs ,11e llllliC .t~li.tdt\<,; t)-l:n; otlters .1 hu·;. hü\\C\~r \\C 

t.:\CI'!U.dly decide to rne~1'urc it, \\C -,hvuld .nc,,.pp¡,i!e ,¡ fll,,.,., te•·,u 1~; to 

rcpte'ient thc:: r.:l.ttÍ\'t: dl·tr.tt.!tvc'Oe"'• ,)f t•Jne 1 

Tftu,, wc c.tn tr.tmf<>till th•: n•utkl oí' cqu !ll•)!\ (lO 1) in!•• .tll .tttl.l,_lltlil 
C'""rr ,¡',],_-.¡ mn,f,;l/i;tcludrn:_; ,¡ tl'.t-.<, tnm, by \\rtlin_: 

( IU.J) 

whcrc 

/ 
... 

/JJ--1 ~~1-:J(l,) 
1 1 

( 1 ¡) 11 

f3 r,.,
1
,],\l.e\ ~· .tlld lh \,tl'l<:, t_•I•Lll!.<.'d f1· q¡¡ CtJIIlil<'ll 11() J), •:thlll~' • ¡)¡,¡[ thc 

. J " " • ,- 1 
\.tM1',:t.:llll (lO 2), \dll·.ll ¡., tlllC ••fu•1r .t•-..t:lll)'lllith, h '·''''"''' _ 

\ '1\ •'11"'!,· liii!'J, ¡f t·.·,lJIII'•l'tllll\ J'·:til:! llll<k 111 tht-. 11'• 11 kJ.t!l!ltW[fl,_,; 
1 ,,_.., ll '1 -· ... '. ' .. 

''!l'r !y · .. de::· tl•.tt 



!11 ",. • '.1 re 1Í1:•Jc a 1 :1 d.~bk 111 ll)ll<- 1 tu IIIL'-:t \k 11 •.111d , \11 ,dter n.ll IVC proLcdur..: 
1'> ¡,¡ .1 .,un1c th.tt v.c: .1rc g1vC!l thc nurnhu nfh<.llhc' lf, a~.lll.Ihlc m C.!Lh zonc 
r \\ '- r1ow h,t\c .111 .tdJ1t1on.tl C•'II,tt.tint 

V 

L T, 1 = fl, ( 10.5) 
J: 1 

tr1 .l•.!d tn cqu.1tion ( 10 2) and Ch.tp~cr 6 te lis us th.1t 1\C h,t\e a p10duction­
:lttl.i<.ll ·11 cnn~lLllncJ ~Itu~tiOil Th..: corrr.:~p(l!l(l;ng moJel IS 

( 10 6) 

( 1 o 7) 

::tllll 

(JO 8) 

l h•: f.1d th.1t .1, .uH.l 8
1 

are Lakul.ltcd :n th¡<; I\:IY en<.urc~ th,tt cqu.ttions 
( lfl ?J .!"d ( 10 5) .1rc '>.ltl~ficd Whc~t S•'l t of .tPIIP.il h.tv..: 1\e now got'1 lf tlliS is 
.tl•Jc.llll'll modd, 11 appct~rs lo run countcr to ou¡ c.trlll.:r ~tatcfllCnt (1n St:dlüll 
lO:') th.1t '>p.IIIa1 mter,tLIIon nwdcls ll'>Cd as ¡,~._.II;on modcl<; are ~1ngly 
C()l\ .tr.Irll<.:d :111d th:1t thc U11C\lllStr;u!lcd 'end' p1<'\tdcs an c,tllll.tk of the 
lo•. q .. ,.¡ v.m.•ble Fron1 cqtuti.m (lO 3), for cx.unplc, wc would takc 

.1'> .111 ,·q<r:l.t!c of thc rc>Idt:lltl:ll loc.llinn p.llkí 11 1 lmlt:\Cr, in the doubly 
C••r:·.'• tlr,_d rnoJcl this qu.1nt1ty 1' gi·.L·n .t'> 11, In l'.h.lt '>t:n<.c 1' the equ.1tion 
1 J(l••t il!l :-..; flllldcl a loc.1tic•n lll•'d<:l') It ICI1l.I:I,, a loL·ltÍ"n modcl for thc 
,n , '. ·,·. (,,_.d lt tells il'> 11hi •. h p•:O¡)It. II'.C 11l:1:Ic ·¡ h1., rdk~t-; .lr\lllh~r p.tlt 
ol .t 1 ' 'r ~ .LI d 1. '- 1 1\'lÍOfl t h.:t 1 t 1' 1111 r" '1 i.ll' t 1 \): 1 ;::! 1 !1,~' li'h h.:t '\ ·~cn P<'l •plc .l'Hl 

.,~, ' 1!1 ::' ,¡.,.Ih1y cor.,tr.li'l·'d n:•""-1 .... · .'!·.: i.•~.lr.:; 11\.; -,(. llk ,1, g_lll.ll (fnr 
:l.i 1 1 1! lli,IY be c~tlll!,tiulln .1:1•1•: .• r, 'I'J'¡··l: ,1,!,;, 11\o>•kl) .111d 11..: .JIC 

1; .\: Jointly. to fL'>!\1, ,,,_,, .111,! · , ·1 l¡< ,, _., 

li' '¡'' "1hk to el." ·1.¡¡1' IIjl•rJd ll1•·d f, \' Jlll:l .J!L p.:1tl) '1!1<:;1) ,¡,¡d 
j' H : ': ~ L l lfl "'f f.ll JlL ' ! ( l f \',' l : , • d }, 1') ~ 1 } ) 1 ! 1 , ) 11 l l' ~~ ._1 l"~L' , ! 1' P! ~ \ ¡) 1 J.! t '-', f l) r 

n •f rt '.ILIC t.<•lhrd, r<.rl ti.. ti f,¡¡ cll• »l /u•:• ', '-·1) ¡),e ·,d / z, thc: c.r,npk 
· ·¡;, .: . ro;· L~ 1 .\l11,rll of th..: ,;,1~!) '.<'1··1~ tr: '· l n\liJ,_I np<:r.IIed, wlnk for 

'• · • '} in thc 'd 7 1, ti~<. le II·.: ¡ "i ~.~ . .ti• 11 u•n .tr.1111''· ¡H;iiLqJ<; due 
i. · , .. ,f,, ¡ 1 (¡¡, '1!1: 11~<·" •11 ·:.~ •:, ': ,, ,, · ,¡ r.d: 111 ,,ft.lj'!d .tlht,rh l·t 

1:< :u!_, \lhcrc r<~¡,¡:(¡;' 1 ;:, ~·.·Ir. 1 u, t\ '' •,tr••_!l) t.<•rr!r\dl, .! 1>) 

red e vd o p111..:: 11 t c.1 p. 1c i l y. L el 

be thc !t)!,tl sct of ;une;;. Thcn thc con,tr.IIIlts Me 

N 

L T,1 = E1 , 

1 ~ 1 

and 

The hybrid modcl c,u1 then be written 

T,
1 

= A,B1 P,EJ(c,), 

where 

A, 

and 

JE Z 

ieZ1 on1y 

jE Z 

jE Z 

1 E Z 1 on1y 

(1 o 9) 

( IO.LO) 

(1011)/ 

(1 o 12) 

( 1 o 13) 

(-10.14) 

(10.15) 

One othcr k1nd cf h)b1id motld l'lll be us • .:fully mc11tioncd \Ve h,t\C 
a1rc.tdy huitr.:d at thc be¡;i11111ng Gf thl'> ~er..t1011 th,It tl,~1C m.1y be J1fTen:nl 
kindc; of1ocation.il b._h,l\lour, tlll'> c<wld be C\)1liL1tly r~prc~cntcd ,1, drfTclcnt 
typcs of con-;t1,tint So f.tr, 1\t: h,tvc not dl~llng'li'ihed p.:r'ion t)pe al ,1l1 

Snppo'c now th:1t 11 denote> ty,le of lrJC.IliO!l.d 1-L·h.tl inur, .1~ fllllL11\S · 
11 1 klC,lti<'IJ.dly unnm,tr.11ncd, >•.:..:l-.-111~ bl1th ll\lli'C ;¡nd JOh, 
11 = 2 prod11< !i<lll cPn·.tl,llli<'<l. scr·l._1¡:~~ J•:h oítly; 
11 = J atii.IC(IOII Lll,l! .:r.1111<:J, 'CC:~ 111,_; hLHI'>r.: onJy; 
11 4 prlhlULIIClll ,ltlr.ldlOII (\lll,[f 11!1Cd,'!>L't.'l-.111:_; ne1th..:r 1hlll5e 1101 

joh 
Lct 1,; be thc llt'llll>..:I uf pl·r'''·'' (lf t;.¡x: 11 1Iy111::; 111 L<>nc: i .1nd ll<n!..in<.: in 
ZOI\C J ThLil, frl'•'ll .rn ,l,,l:r.•,•ll<'ll. 1\C \',\1'1!~1 e\¡•..:ct tn be !,;IICrl r~ •. T,2 

•• 

1! .tlld ·¡-1 Altc:rtl.llll<.h 111'k.ld llf T-1' wc 111.1) he gf\t:ll 7,~ ,IIHI r: .!lid 
J IJ • ' IJ J 

,['>,tflllé (J¡,¡[ /' 1 l.lll be: ('(1111 llLd ffl ' 1 pÍ,1dt!<.{l¡_lf1 ,¡(([,¡• ti<ll\ lll!1,(f.lillCd 
IJ 

!lWdcl fkf'IIIC 
V V 

1'1 • T.
1
• / L ~: t;~ 

< 1 j ~ 1 



¡,,' l'h'"· ')p 1I1•J Ua"l:"'~'dl;t 1 1l t•f \t f 1\ ¡f l' 

\' 

!(! 
' 

·r: )~ T! 
'} 

( ll) 1 7) 
: =- ~ 

y 

EJ 
~} 

~-' 
1 ·~ ¿ r3 ,, 110 !S) 

1 ~ ¡ 

\ 

ii'' ¿ r~ .. , 1) líG.l9) 
¡~i 

:1nd 

V 

E4 = ¿ T4 
J IJ (10.20) 

•= 1 

:.1.:-.J .ts'it!nH.: thcse <He all gi\<~n. ·,o th.tt equ.:t1on.> (10 16)-(1020) ate con­
s:r.•inr' Suppo~c \'v<.! ar..: .!lso gi\Cil (lll thl' ~p·rit of the modd gi\~:11 b) cqua­
!tcn~; (!Of>)-{108)) qu .. nilt¡cs \\hich c.tn be ul!cd H: and F.; in oth•:r wordo;, 
th..: tc,t,d quantitics ofhuu.:;ing and JOO) by LüflC, irrcsrcctÍ\C ofthc loc.ttion:J.! 
bcl1~niour type ofth..: occupant-> Th.:n wc c-.111 ddinc qu.tntttics 11; ami E~ as 

follo·.vs: 

JJ,• - - í-1; - H: 
f* r:J E~ •¡ - LJ .. •¡ 

{lO 21). 

(lO 22) 

u;'" thc qu:1ntity of hou"•~'::; in ,:nrtc i bcing competed fvr by tho~..: sc<.:kin:; 
hou.cs (111 lcc.Jt!Onal bch.tviuur <.::tkgoric-; 1 and J) a::d E~ t<; thc cqunc~knt 
t¡u.;r.;,¡y fo1 JOb'i in tone J. Tht'\ Pl ~ til~ th.tt \\C c.tn impo-,c addition.d con­
:-.tl.lii\!" 0:1 thc 7;;s a> fol!ows: 

N .'1 

t TI 
IJ + ~~ T.i /!' (10 23) 

¡~ 1 J = 1 

anJ 
.V .... 

2: T' + ¿ 7 ~ = ~·· 
'1 1} LJ 

¡~ 1 1 ~ 1 

1 !t..': l..(lfl·.:r.tiiih wili now lud th to .10 lfllc'lv•ting ~d uf lrn~ cd :.p.lli.tl 

111''-' 1•.: t· 'P ";Pdd .... Le! U\ con ... !.·1 l he d I!Tnc o~ll.tlt'~. nri•:., in t !llll. C.1 kglH y l 
;·, ~, .. ,, ;, "ll·d hy cq'LI.r:r·:·- ;l.¡ :1.1, 1111.~\} .t1a! (102·',' Ihc ¡¡,,¡uf th•>c 
. • .. ••d·! :• .. :.tt :l1:; dcrn.tnd .tpillí·•·í:'·•l. ,;!t) f!c: .. r J'\, [l¡c •.cu>nd ·1

1
.• and H1~ 

1'. h·-.lt , .. ._ v••·!. 1 ~:.dl .-1: :tnd u: ( ·''' :.:.ll} ~..., ,_..,n .!r tincd h; cqu.tti,ltt~ ( 10 11), 

'-\: .• :1 :-:L ·' t, .1 n .-1;, ;¡ nd ( 1 O 2 ! ) .._, 1 '' 1, n.· _ J· ,¡ ll J C.tk;• 1ry J i, cutt .t r.t; 11• ·d 
b_. ·.·¡,:·'""i·, 110.1~~}. '.\h:<h llt••l·, .1 H¡'· ,r>:d (lO~'·) \\hid1 nccd., 111 .1; 
e· .. · · ;_ 1 ;, o~:·kpo..:n.~.:nt. uth, r ·1,

1
' ~~ ;_:t• ·_¡¡ .¡,., ct!y, or \\C u'c.: cq 1 t.Jl!l•.t·. 

':• <":. ·.J ,_,n ~~~> ·" l.."d .tt .. •·". 111 :;··.,,,te , j· .Jrrky-to-'''"t: mt~·kl. Le~ 
1. . .. _ ·:1 •t \\•~ ltkc ¡¡,,_. l ;,._, 1 ''· ;': ''! :-. ••• [:.; th.11 1,1 :tnol .1,1 rd tk ¡., 

t!Jc ~.1:1!.: CUil'>lf,tÍnt, (10 2 )), ,1$ do/?; ,\lid íi}, (11) 2..J). !.1 pL~L11u', thh !llé.t;'l~ 

t h · ·· e: m t:tkc 

ami 

Thcn, thc modcb ::.:n be ,Hi:tt:n as 

whcre 

T;} = K4,1 H;If;E~f1 (c,_., 

1;; = A:n) if,1 r~~f2(c.) 

r;; = A1'n;n;EJf3(cl¡) 

T 4 44¡·>-'-JJ-'-F~f( ) 
11 = · 1 ~ 1 1 • 1 4 c11 

n: =' t 1/}~ 1!
1
t lf,lj)c,) 

1 ~ 1 

(i0.25) 

(1026) 

(1 0.27) 

( l 0.2~) 

(10 29) 

tlO.JO} 

(1031) 

( 1 o 32j 

(!OJ.l) 

(!fU.t) 

{ 1 o 35) 

( 1 o 1(.) 

( iiU7} 

liH>.c cqu.tli•""- tl01l)(lUJ7), cn .. ur·~ th.tt t.:on~t:.unh (!Oit'l).{l(l21) . 
( l 0.2·1}, ( 10 l 7 ), 1 lO 1 :~ ). ( 1 O 1 ')) d 1 td ( (1) ?t) ). r c.:·.¡•cclro. ,.J), .11 e ,,¡1¡· !;1_ d 

¡\ Jtgrc.,~inn 011 dyn.~mr<., ~~ .q•prul'' !.ti<: .tt tht., P"'lll Up in th,; mockl 
ju-,t tk \clnpc !, th•; cktn<.:i1l.tr 1 nwtkl-, di·.cu· <.d \~Lic lllcl•lltr.t\-·.:rl_o.!_l'ly 
CIO~~·'ll li>'l'.d l'l<ldo·l., 1\1( p··,:p!c .trc ll! ,,¡l\,·cl, ,,11.¡ tltc ·.1h1dc: h••thtn;; .,¡;,~!::., 
Lt i, rt!t;·l¡··:r'y " .. t'lll•·d th.·r •. 1t .1ny tllllc', "" O:l!'ttlthltttn p•htti"'' i· .. tll.t!tiul 
\I!J:dl 1~ J,,. .. h ... ! h: tl:c fll• .id ..:qtt.tt•,.,.., In t:J,: l.t!c-.1 111<'1~<.1, h ···.c-\l'l, .1 

lllll•.' p• rtud h .d 't .•·l tllq·'·• :<! 1 ~Lr•_rlcd ¡,, tlt.ll ('<.fl<>d \1 h•• 1, ,l..• .1 '11 < ·, 



¡¡,L Jnc.ttio~1.1l beh.t~iour c.~rc¡;o¡i;,l!tt:ll nftllc pupuL11inn For C\.1111plc. thc 
popul.11ion oftho~c -,ccking ho11·e~ etlll,i·.:-, ofnew hoiJ-.chu!d-. ,1nd potutll.d 
lllviCfS ill SU/111! {l//le' perioc/ rf thc 11\ll-: j'CiiOd 1~ lflii(C ~h,Jrt, tftcn thc bufk of 
rhe p~lpul,lfion 11dl be 111 ldrc.:;ur} 4 (.1ml the l'.1!eg01y 4 cqu;¡IÍ<lil'> ,11c, m 
clkL·t. ~"nply the jollrncy-to-\1111 k eqt• ll'l'lh of Ch.lplcf 9) C11cgo¡¡es 1-3 
,tre thcn conccrncd '.\ilh m.Hgtn.tl ch.IIJ,;;c. Pru~.,kd rh.tl wc e.1n c~IIIIIJtc lhc 
qu.llllltlcs ,\hJCh 11c h.i\'C so f.1r .h~llllled lo be g11cn, P!. H;, E¡, H:, E;, 11,* 
:1nd r=; for a Irme pc1 iod. say t lo r + 7, then we h.1 ve thc b,hi~ of a dynami'~ 
J11,)del Howe1er, it sccm~ v.ortlmlllk to dc1dop furthc1 thc ~pat1,d in!er• 
,lcli''" modcl beforc 11c procecd to budd a <.lyn.tmic onc. 

\Ve stated in our hypothc~e'> at thc beg111oing of th1s sectic•n lh:tt it v«.~s 

¡;1Jf'<ll t.tnt lo budd pcrson lypc a!lll housc type 11110 thc modcl So f.tr, we 
~:uled todo cithcr In thc sp.llial mkrac11on mod~ls prc5cnled so far, 
·.e cithcr imp!IC::Itly .1ssumcd th.1t ;¡JI pcoplc are ¡Jcntical ami .111 hou~cs 

,:,~ntical or, more chanl<~hly, lhat 1he modcls havc pcrformcd a lot of 
,1\udz_lltg around mc:1ns 111 IP<~kllt~ thc1r prcdict1ons. It is a rclalivcly 
str.11~htforward m.lttcr to rcmedy this sitt•,1tion by J¡~;¡gg¡cg.t!Jon by pcrson 
typc: and house 1ypc, anJ \\e c.tn ,¡l~o b1ti!J in home pricc and thc fact lhat 
it VMIC~ l>ith typc and loc.ttion . 
Suppo~c ;!t this ~tagc th.tt thc IJI.IIn¡kr~n,¡-type v.tri.tbk wc w1~h to ind1c.tle 

1~ lfllllnl<?, 1r, wllh hou-.c-typc, 1\C neeJ nul comm1t owsclvc~ toa specdlc 
m<.:,t111ng, wc s•rnply sp..:<..•fy lypc.: /... Our IIJd!n Y<tri.iblc 1<; thcn T,~w, the nlllitbcr 
of 11-incomc pcoplc l1v1ng in ,1 t¡pc-k hou'c in ;onc i, workntg 111 zonc J. 
Suppo~c furthcr th.tt 11c are gl't:fl ll;, thc nu111bcr of lype-k hnmcs in cach 
7Pnc i, E;, thc numbcr ofincome 11 job'> inj, fl~, the p11C<: of ,\ typc-k hou~e m 

7onc 1, .tnd e,,, thc co~t of tr,¡,t:JJ¡ng from 1 toJ lmplicttly, for '>llnphc¡ty, \\C 

are ,1\<u,ni.J; vlle >~Orkcr per IH.IIi'>c'~tn!J, 'llld th.1t .tllirtC<Hnc i~ Lkri\t:d f1om 
ctnplnyment 

\Ve c.llt no11 con<;idcr budd1ng .t <,p,lltal inlci.JCiinn modcl with ll~ and F.; 
:h lll.l'' tcrPJ<>, :1nd e,, a .. tr.l\cl cn ... t (cf \\'d..,on, I'J70-B). Th1~ 111ight k.tJ u-, to 

":~~:~·· '' <;OnJctlllng uf the form 

(lO JR) 

\1 J¡,, :1 ,, :1 r!,,t,hl] cun-,lr.:llt~d Jllt•dcl fnr c.ILh 1.., 11 C(Jtllhi'J,:tion \Ve h:n.: 
.l"'.i•h•l ,l uJ,t fllf1Cif"il '.',!JJt.lJ '-.111·.• \'.li;l \\ fln11,'\<..f, JIJ¡, LOIII.1i1h rlll 

¡,f. i•.••L•: ¡,¡ ¡r:c · 1': .. tnd h . .., n" '·' ,l.,:,,l'':h !t~ <:ll'.tlr<: 1h.1t h"11'LI"''d'll\e 
Ir>.:··· ,¡ •;r:•,_ 1 ,,,., ilf,,r,J :;,,f¡h::,·, il• ;, "';: ;¡,:_:h·j)I'Cc·df,,rthclflllLOflH.: 
-¡ )>,, ,_ ·•• : • _ .1c 11 ,,_,e:· l 1•. 'fh 1 !1c f,•'!, !''· 111~ dc •lt..l 1 L'l <t be thc u• ,., .tg.· ,lntnunt 
\,,1 ~·-~~ t .•.·¡jl•' !l:r~ lll•d"chufd \1 { 111!) ,ql htrr¡.,¡~¡g nfterjutlllll')' lo \\OfÁ. (O\(\ 

!tu .. ''" 1 ,;, ... •.,, :. d fl,. 11 u111 ,,d,_r .1 lLtlll "r tl'<: f11r 111 

(lO 3'J) 

,¡vad.1hlc for !wu-.ing fnr ,t rr-incomt: hous...:hoiJ livmg in i and 11orking 111 J. 
Jf tlliS dilfcrs ~¡gniliL.tntly, in Clthcr dirct.linn, from p~,-lhcn thc c~pr...:v,ion 111 

squ,1rc br.1ckcts 111 (10.39) r.lpidly bt.:L0 111C) btrge, allll tht: cxpre..,.,ion (10 39) 

1tsclf bct:<'fll<..:' snull So \~e ,¡del th~'> nlllllipiic.ltivcly to thc n¡;hl-h.tnJ ~ldl! 
of cqu.1trnn ( 10 J:~). Th1s give-,, ,1-; a rcv1~cJ fnnn of nwlld, 

( 10 -10¡ 

Now, a w-incnm·~ hou-;eholcl will only be assignl!d toa type-k home in ;on<: i 
¡f p~ doe'> nüt m.n'..:...:dly dilft:r from q"'(w -- C:). Just how marhdly it ddTt:rs 
is dc:tcrllliPCJ by lhc llJ;Jgnitudc or p"'. We thus now have a pcrson-type, 
housc-typ.:, disaggrcg.ttcd vcrsion of the model prcscntcd as cqu,ltlons 
(10 6HIO S). ·l~ and B~" must be calculatecl to ensure 

(10.41) 
J w 

( 1 0.42) 

so that 

A·-~-= ·tj' ,~ B"' t." e- pw,,} e- ~M lP7 - q-(w -· r:,ll' 
_, L. ¿_, J J 

J w 

( 10.43) 

and 

R; = 1j¿ LA~ 11~ e -{JMr,, e- ,.~¡p~ - q"!" - r:,ll' 

1 k 

(JO 44) 

Thc modcl giv~n by cqu.tt1nn~ (lO 40), (JO 43) .wd (lO 41) now IJ,,, .111 ,¡¡(cre'>t­
ing mct.h.lnl>ill, hui il 1s stdl a cro .. s-scctiO!lcd mude!. Furthcr, ti h,l'i thc 
unrc.tli'llc ~impl1fyrng ,,.,,untptlon of onc work•.:r rcr hou,cllold \\'e 11111',! 
thu~ proL<:cd in !110 slcp'i fir~tly, w.: mn't indJci!C how to renw1...: ~he 
simpl1f)'111g .1'\umpri,)tJ :tnd sccondly, ho1•. to 111.11.:.: th·: llll)dd J) ,J.IIIlle 1 he 
fi¡)t (,1\J.. ¡o;,¡ r~Lill\cly -,tr~ll:;lltfunl.trd <)rtt: pru1:rkd th.1t \\C ,l\~111!1•: tlu111 
is pri111,11 ti) thc: ¡ncnlth.' of thc h<..'.ld of tht: huu'>c11nld l'.htdl dc1t:1 rlll!le~ 

·¡~~ ' t.,~ .... C\puldJtur•: unlt,HI..,III:; \V...: rhen .tdd :.1 sup,·¡-,c<ipl 111 to ,1 , 111.1"1111;.! 1 ,1 , 

whc1c n1 =- t mdtc' tlL·, ,J lltlrk"r \\lliJ i~ hc:.1d ,,r h.)u..,ch,>ld, 111 ~O .1 \101kcr 
\~hll i'> ll!ll ):,_,!1-'' ull.c·r~ \\i>LJid ..,¡¡ll lt,tiC (,1 he .l<f<kd 111 'cp .. ~.I(<:Jy 1 el rl be 
lhe ,1\~f,(l',,' ilii,I.J1l,r flr\\I)J\ cf~ p<..r hllih<.h<>ld fll 7<lfle i, ") tl<,•llhef,; ,(le~~~ 
pi.1L<'' 111 ;)¡•<.: .\ !1<'11".~ ror h...ld'> r>fiJ,.¡¡·,,h,J!d, .t!ld (r, · 1)//: fp¡ IH'IJ·hl.'.ld'> 
\V..: ;~,,urne th.·t IH>th Jt,· 1d; .tnrl 1101'-~~·:.td' .. ·n¡np ... r.: f,,r tl11: ,,IIIIC JOh., A 
~in11!.1r mctlwJ ct~uld he u-,ed fur IW!l·'.l••rl..er-.. hc.td, nr ih>l' 

\\'e lhc'll b.1\C (O budd lll<'•kh \IIJILIJ \.lll,fy the Cllihlf,llllh 

).~2~ /,~·1 -- //~ (10.-l)) 

j ... 



( 1 n .¡r,¡ 

(l1H7J 

(10.48) 

(10.49) 

A~ 1 - l¡·"[,'i_B;'E;·e-P'"',·.; x o!-,.''tP~ -~-~ .. --<;,¡)' 

J "' 

(1 0.50) 

1/I I B;'l:._"' e-fl"~c 1 

1 ,. 
(10 51) 

1nJ 

+ LLA:0 (r
1

- l)í!~c -¡1 '""c 1J~ 
1 k J 

{ 10.52) 

'[lu·. 1'> ¡}¡,: lllOthJ wc now h;,\c to put into ,\ <.l;n.1rni•: fr.1111cwoí~ by distin­
gt•"hin;j th•: ft"'ur t:,p.:s of !ocatinn.tl bch.:•lL.UI '.>hich kd to thc aggrLg.1tcJ 
mn•~'-" ufc¡p:.!::oll'> (10.28) (10.37)_ \Ve C.ll! .. dd .! ft11th..:r '>llp:.:r,cript, n, with 
ih.'· "ll•.' lt'•- lltinL~' ,¡-; bcfo,rc. Wc c.tn Jdinc !'~", 11~", F.;", Ií~·. J·:~··, Fl~, f.;· 
h: .•'1 .:,,;:· .>!ti: P¡, fl;, 1-:;. 11,", r-:;. 11, :p .. ¡ 1-.; Thc u•ll·.tr.,;nh to he ·,.tti,fi·..:d 
b~ 1 :,·.,.tiC thcn 

,. \ \. y ·¡ '<' ,¡ 
L .. L.L._ IJ 

1 J ~ .... 

J "' 

p•ol 

* 

'\"'fT'"'11 Y\"-¡'· 11 '=(r1 -l)/l~~· 
L_, -· IJ + ..... L. IJ 
1 ... 1 .. 

¿:l.)= 7,~-~ 1 + l. 2:2. 
r !a "" t fe ,., 

r.; 

(lo 53) 

í 10 5-t) 

(l\155) 

In thc above, 

and 

y'\ r'w12 
-~L 'J 

) ... 
f ·I<Z 
''1 

L [ 7;j"ll2 = (r, -· !)JI;! 
J "' 

) '\' \' ¡-:•"'":, ¡;;-.3 
L_, L L~ .. ,1 ....... ) 
1 k rn 

r ) T"" 1 ~ = Hk~ 
......_.. ~-- ~) 1 

J .. 

"'"\' T'" 0~ = (r - 1)11'
1

1 ¿ L_, IJ 1 

) w 

')'" ' T'""'~ = E~ 1 

~ L L IJ J 
1 k In 

E'" - /-"". - L"" 3 - L'" ~ 
'¡ - -) LJ e:.) 

Th~ com:~ponding modci c4u.;tiow; ;1rc: 

r k .. 'll 
i) • 

K 1 A <l 1 /3" 1 11~ L". e -/)"''e,, X e-~~ '[p~- ~"(" - <,IF 
1 J- 1 J 

KO;¡kOIWI(r -1)/-I~F"'c-~~c.•c,¡ 
.i J 1 1 ") 

• 
Ako:p"lf __ l)I'''J-.·• -y .. .,·.-., 

' .JJ "~ '• ·¡ e 

{ 10 51) 

(lOS~) 

(lO 59) 

(!O GO) 

(lO 61) 

( 1 o 62) 

(IOóJ) 

{ i o ó~) 

( 1 O G5) 

( 1 0.66) 

( 1 n r,7) 

(1 o r.~¡ 

(JO (,1)1 

( 1 q "7(1) 

(!O 7 i J 

(lO 7!¡ 

l\. 1 
c. P! 1 ¡'¿¿~r¿.-t~ 11 JJ; 1 /I;r.;· c·¡J""'·J X ..:·~"'[p~ ~"' 1 " - •• ,ti' (107_\) 

1 J • ... 

( 1 () 7 !) 



lt) e!l ·lil c.: (~lat liO :iJ) h ~.ltl~fled Wllh 111 o_ O, 

A~··= 1/{~~K'H; .. ¡..;' e pw"c,¡ X c-~'"'(p~-~wl¡ .. -r;,¡¡> 

+ IIB~'31:.;3e-(J'"1'c,, X e-,.w'(p~-q"'( .. -,,,,,,} (1075) 
J w 

tv Ctbtrrc that (lO 54) is s.1ti~ficd, 

A~OI = t/{I L Kou;·l E;' e-p .. o1c,, + L L B;3EJ e-pwo'c,,} 
J w ) w 

to cn~u1e th;.¡t (lO 55) i'> satr'>ficd 

+ L L K o A~o'(r, - I)H:· e-p-o1_,¡ 

l k 

+ LLA: 12 If~ 2 e--p-
1

>c,, 
1 •• 

+ L L A~02(rl - l)H~l e fJ"0'r,,} 
i 1 

to enSille tho~t (10 56) is satisficd, 

A~' 2 = ¡/i '[_ u;·• E;' e- fJ-"c,, 
J .. 

to Cll\llle lh.ot (10 57) IS s.tti~fiLd 

;1ko2 = I/\- \ · B"' ¡.-•' e -P'"''c,1 
1 L L , ·¡ 

J .. 

tc1 '· -.11, ·- th.ll ( 10 '>X) t~ ~.~!1\llcd, 

/i \ 
J 

1/{¿ fAklll/1' e-P""c,¡ x c-,.·'t.•:-~-·, .... ;,1)' 

l 1 1 .. "....J ' 
1 

(10.7()) 

(10.77) 

( 1 O 7R) 

( 1 o 79) 

( 10 XO) 

(JO:-; 1) 

Sp "'"y,,,.,"'''"' \llld·" .. r ¡¡,.' !,n!l" r O<JI_H>n lll'J 

lo crhurc.: th.tt (lO GO) rs <;,tlr~ficd, 

A~o~ = 1/L L B~' 1 E; 4 e P'""<•J 
• J w 

( 1 o i\2) 

lO <.:llSUiC lh.1t (IÜ 61) IS S,lli:Jicd, .111d fln.tlly 

B;"' = 1/{I L A~ 14 H~~ e-P'"
1 •c,, + L '¿ A~0 .t(r1 -· 1)11~"' e -p-"•r,,} (lO R3) 

1 k 1 k 

toen sur e th.t t ( 1 O 62) is satrsficd Clcarly, building t h is modc.:l C\C.:Il thwrct ically 
rs a m.tmmoth and compltcatcd cxc.:rci~e. 1-!owcvcr, it rs nl>l conccptually ·· 
ovcrcomplicatcd. The rcadcr who h.1<> b..:cn <~blc to follow !he: burldtng of the 
Jggrcgatcd quasi-dynamic modcl givcn by cqu,tliom (lO 27)-(10 37) and of 
thc disaggrcgatcd but cornp.trativc <;tatic mndcl givcn by cquations (1040), 
(10.43) anJ (10.4-l) shouJJ be abJc lO recognite thc h,hl'> of tht: COillpü:o.IIC 
modd which ha;; ju-;t bcen l.lcrived. 

Wc can now bc.:gm lo scc hO\\- \\e ha ve thc h.1s1S for a dynamic rc~idcntial 
loc,ttion rnodL'l by pu t ting time l,¡bc.:J~ on thc .,,¡ ri.thk" wh ILh .11 e 1 he cxogcnous 
variables for thc sp.ttial rntc.:1action p.trt of thc.: 1ll1~dc.:J P! 1, P~ .. fl~', E;', 
f/~ 2 , H~~. Ej' 3 anJ E;~ Supposc 1\C are rnt..:rc~kJ 111 ,1 time pcriod of t to 
t + T. At time t we w!ll h.1 ve a d1st ribu t 1011 of how111g ~toe k J/~ 'te) and jobs 
E; '(r). At tnnc.: t + T, thc OICr,lll J:'itnhutt<Hl bcu'llle'i 11~ '(t + T) (a<; the 
nct rc~ult of Jcmolit10ns, ch.tngcs and nc,.,. buddins) and ¡.:~· '(r ~ T), (as a 
rc~ult ofch.'ngc.:s in thc cconomy). The tot.tl popubtro11 ¡n,ty ..:h,tng..: in such 
a way rcl.ttin: to the lwusin~ \tock tb.rt ,_,e may .tlltrup.lte a ch.tngc in r,. say 
from r

1
(t) to r,(t + T). Supr<•·c thc tot.tl p.-•pul.1!11•rl clt.1ngc.:-> fn•m N(t) to 

N(t + T), tlwn our main l.t~k ,.., to di\Idc ,\(r + T) Into I•J•:.ttion.d c.rtcgorics, 
1·-4. Wc migh,t as..,ume that \\C h,r\C thc.: folln'.\lllg k1nolo, ofinfnr111.ttion 

(1) Inlti,tl popl!_l,ttron and Ji ... tnbuti<•n, 7;~~"'"(t), 
(2) som..:thing on 111-:tnd-uut migr.rlhlll fro111 hnmv.; (im.ludrn¿ ,;fT,·<:t~ of 

births ,tnd dcath'>); 
(3) sorndhing on in-.ull~-out migr.ilion fnliii Jnh.., (rnduding dfcch of 

lmt h~ J nd lk.l t h~); 
(·1) ~omerhin_s nn ho11~..:hold fL,rrl~">lJi~>n 

Ck.lll)', \\e ,1 r..: llUI'- ¡,._~1111111:g In i ,¡ \ l~h.c thc ni hL r c1 '"ll'<lllc.:IJI'i LlLl gc.:nc1 ,ti 
llll 1dd <;o th.tt \\e ML rH>t t.1~ .·n lt"' r.'.r our"( <lllf 11 1), th..: rclll.llillkr Llf tlll'\ 
p.1rt <lf thc d1 . .:IJ'-''•111 "pu,{¡'· q,, o! 11111•! tl1•: II~'<J eh 1J1l, r 1 1(\\',C\l'f, thcrc.: i'i 
onc.: othLr illlj'IJII.lrll .l'P<d <'f ,,,,.,!._¡ Llll'>llle 1\hich llllht be lll•:ntion1:d, 
rd.tt111g t•J tire"><.:! nf hol\1 .e,; Jll le,·; p~ Onu: .1g.1Jil, '-' ,; l.ln 011l) r.tl'l: the i''>liC 
111 a prdllttrll,liY \\.ty ;¡p¡J \\•: ro:!lll n ¡,, ll in ( h.1p1o.r 11 

R..:L,ill th.tr. in C'h.tpiLf lí, \\e ddin1·tl .1< ,,_., .. hd11y tu .tlll\ llie"> X
1

, for rc~i­

dcnl'> of 1 \\'e,; L 1'1 dcf'111C 

Q.(\') -' L X¡c-(J•c,, 
J 

( 10 3 1) 



Q"lf) = 'i;-' ;._-··~-fJ-,,1 
1 \u L "j t: 

O"( ) = y 11/S - ~·~c, 1 _, .\ '-' >r1 e 

( 1 OJ~5) 

(JO 86) 

,1:; b.:in~ th·~ accc,..,ihllil) to ~cn·iccs oft;.r: s for rc-;i.i.;¡¡t-; üfi in incomc group 
''· lt i-; .d~0 U:>l-ft:l tu Jcfinc ncr I<.>tdcntl.lllknsity ,1s 

D, -o-: L ¡¡~¡ L, (lO 87) 
k 

\\h.:-rc l., is rc<>idcii!J,\1 land in mnc r \Ve !lll~ht tb•''l h:,pothe::-.i7c .1 rctation­
S~iip c'f thc form 

(!O 8~)' 
' .. 

In othu ,,o:-d-;, \\e hypntht:~IZC that t:¡,pc-l.,:-liou'•~ pricc~ in 70ne 1 are the 
pr< ,,Juct <JÍ ·l f.lc.!OI rd:1 tl!d'tO't'ypc- nf hOllct.:, a f<lllOr which 1 cn•:c!S Íncrt.:,! \lllg 
!L,idL,tll ¡f dcn-,Íty (up lO rl Jimi!1ng p•llflt) ;1fl0 tbc VariuUS ;JCCt:'>~ibd!!Íe'i 
S111c•: thc d''' nb~1tion of scrviccs, rcprcscntcd hcr<! as ~~~·. \\ ill be partty­
ddcllhin•:d by 1hc di\lnht!!Íon of ¡Jl)puld!on (,¡-; disuJ~scd furlhcr bL·I•J\\), 
thL'II ,._,: •'-L' th-11 poputa!ion di,trd1tlti,-p, hou<:¡¡¡g 1]1~tnbution ,llld cnlrloy­
r,¡en! ·ll-,[r¡:;;l[lllTI .!lt he!¡; dt:t::r·~JÍll<.' r: Thls \\lit ci·~·'' ly hdp !1\ 111 fnrmul.ltlllg 
a ~l K• •l o'l<likl Th!~ p .. rt><:tJLtr t•)fllldl.tt•un ]1,[-,. bct.ll rd·¡tcd cx¡-!!Citly te 
ihe CUI'l ¡1,11 .1 t 1 ._.._. ~~" 1 ic forlllL'f t !J,; ¡eS: den t 1.11 nwdd 1 lo\' e\ cr, \\C c. m a ... su!llc 
th.tt ! h-.:,.~ 111•; h:. puthc-;..:~ ho!J for thc d;. n.1 ni' e \ c1 ;ion. ll~ m ..:qt. !!Ion ( 1 O 87), 
for .;',lltJ;)!,;. \\Outd ,¡mply be rcpb~.:~:d by ¡¡~·(t). -

it ll!.IY i:<J'Y be Jl',dut lo ~tlllllll,Hi;e tllc r.1th•.~ ~o•Jnq,f,,_.,,¡._-d a1 ¡;tllnu¡t of 
1 },h ·,1_'l.! lnP 

:!) \'.'e hc.~.111 \\lth thc -;imrk't pn,,•bk ~p.:tí djrJt .. r,:.:ll•)ll lll<Jd-:1 il> fir'>t 
u,_,¡ 1-: ¡.,,·,¡y lt \\,1> ::;i\"t.:n b;. u¡u.i!Í•'Il (10 i) 

( '¡ \\, •: ,,,',\ th 1! th1, w.:-. ine<J¡¡,¡,!·.;•¡t \\ :¡!¡ r•:·.p·:d to !he ;¡..,-,u:n¡•ti•Jih 
.. t.··'¡: ,,JI· 1' it:.~·-'•:.d11·Ul th..:dl,li''lll!l;,,,\ uft.:mp!•·)lll::nl í.

1
,.tnd.IJ..otll.ll 

!l ,: ,¡. ,.¡ •:· ' •11 1 r•.,ItkntJ.d .Jttr,:Lt• .•.1'•. ,., t•! !>l l j¡,;,c (\'.¡J u"''''kr.:!llll!> 
i•'d l" •' • r ,. !. 1 c:l\o 11111 .;rpt.l1">1·· (lO ]J ;¡¡,.j (!f) 1) 

11) tt .. 1 • 111•.11 lf).;U'.'J tit.tt ,¡ Ll,fTt.:ll.:ll( ,¡, ,'l'oii'lltH) C•lUI•J ht.: 11\.ldt.: ,¡\)(Hit 
tl· '· , ':r , •l! tl.c \liJ'ply ,¡,le. ,¡;H{ tl1.<1 .t dl·.lttiwt..,n .. r h·'"''-'' 11,. CP•tld 
¡ .. _ ":• .! • ,.¡ dt<.:rll.!ll\C !n ¡¡,,_ .111! •.lih· .. r.•._ll>!' ll: Tlrh kd !n th-: 
· l. · · n ~ · t 111, ,, f..: J g i ,_ ,: n in .._·, i 11 : ~.:, ) : 1 • ( ! n r)) { t n ") 

1 ~~' ' 1 1•~ l fst)\', tí)(.k.\L"~t 1 !l,l h)J,, tf !' • •_f, ;):![:) '",11i~:I) t..f•l•-.[í.ltllt..tj 

,, •¡¡, il:'- dt: ·Lílhl."d ll~ {~). t''·! r ,r:') d· 1 'lhi 1 l,lfl'•ÍI.:IJ,l..d. U ... l:lg 

the Inu.h.ltll,ilh(k~•-llh• ,f,p ()),ti;~ Llttcr ,,¡ th.d pi.IIP .. :>'>. pul¡~._: Lllii,[LIIIlh 
c.tn b..: ¡:..:nc:ckd Th1~ 11HH;t.:l "1.1<> :;1vc:1 by eqtLlt;"n' ( 10 12¡ 1 In 1 :,l 

(5) l>ilkr·:nt ty 1>·, pf to•.'.1lllllt.d hL!i,U'"ttr w•·t·: th• .1 111tr."ilt•.c:d .. 1nd \\,_ 
';;! '.\ [ ]-,, i[ th h 1._" [ ll ( J 11: ~~ 11 1 ', 1 e!) 11, >1 11 k .J )PI k 1 Í >) •. '>( 1\ f < ,f 1 d •:<¡l• ! (! 11'> { ! () 2 7}-
(HU7) 

(6) The n~xt ~tcp w.t" to intr<.)ducc p.;r,on tyr..: (c-,peLI.llly 1'\LPn'c) ar.j 
hou"e 1) pe\\ 1th !)1 ic..: v,n 1_ ing by typt.: .Íild locat¡on. A Ol'>:t~gr.:_;,iiLJ ~-:r~IOIJ 
of the comp<~r-tllve st,tliC mcrtkl..J.c:,t:llbcJ 111 (J) wa-; built anJ pr•::,cnr.:d rn 
equ,\llon:> {10.<10), ( 10 -U)·,111d ( 10 -l-1). 

(7) Wc tht:n silo.,, él\ how .tnottKr typc \1f·hyb1 id lltodd couiJ b..: bud:. 
onc '' hich rcmmcJ the silllplifj'l!lg ,l'>'>lllllpti.<m oLonc würkcr pcr hov,choid. 
Lmked modcls reprcscntcd the rc,,¡dcnt-r,d tocalion bch:n iour of h<:.1ds of 
hcu-,chotd-.; .llld oth..:r wo1 'ker5 Tt11s modcl wa'i prc~c1.tcd -in cqtuticns 
(lO 48} (lO 52). 

(8) Fin,lily, wc built ,J modd wh1~o·h COillhincd tllt: fc.tiUI~o~ of (5), (t}) .tnd 
(7) a dls,tggrc0.tléd qu.ISI-d)n.:mlc n:,)dd wh1t.:h di">llil):;UI'iht.:d h:.>ds l'f 
houschotJs and otbc:r wo1 'kc1 ~ ·Tt11~ w.1s prc:-.cnt•:d :n cqu1tiop~; ( 10 ¡;:.¡ 
(lO 83). ' 

(-9.) .. _\Ve tht:n di,cu,,c:d \vh.zt \\ütd.l h.: IllvPhcd lil 111Ctllji•>J,Jlillg t~'.C lllll<!d 
thm Jc.,clopc:d--H:La_gL'•It.:r.d ll'<)<kt uf u1b.tn J.- .. c!opmcnt. 'tlllt h•l\\ to clo·c 
tt w1th rc~p.:ct to thc c-;tlln,tll-"1\ of hou'c p11r<:' Th'' tfJ,ctb'''''l wllt !J<: 
cont1nued in Chapkr ll 

!O.h. !\IOI>rl S OF ln.:-.w::.-.... l I \L LOC.\'110.'\; 
CSl'\G [(0'\0\t!C lllEOlO, !<:C0"\0.\Il·: i !~!CS ,\;\D 
Ll'\;F.\!l Pl~CC!~ ·'. \l\11:\G 

Thc CCIJ!Il)lllt'>l brin1_' a con-,,,l,;r.thk lllllllhcr of too:~ •1Í :Jn,d)'Í' to hL.ll 
Oll thc pn•bkm nf btiddlfl<._! IC::-.tdt.:llli.d loc.tllllil n;••,!·~t-.. rlr-,t, .tnd 111 ~P'IIC 
\',',1:0-; fuiLilll''l. ofth ... ,.: ¡, th•: 1111llllll Pfl.tll•~ rcnt, •.dllch :;•lL''> h.iL!-. '(l I~Ic.:rdn 
or C\cn ,\d.1111 Snulh ·¡ f¡,.., 1s thc notinn tÍI.It ~-•'IP•~ l'~''h .,f l.>n.! 11c llll 1fC 

prLHtllcli\'C tf,,l!l oth·.·¡ -;, lJL'L,Ill'...' pf dilklllll\.'' 111 fL-1 II!It)' ()f fc-t..lll<lli l"!C, .111d 
th.lt thc v.t!u.: of ~11ch dliiuL'IlCt.:~ •:.111 be L<lll<·Lkd h) thc f.¡n,:•J'\ llLI 111 th.: 
form of rcnt. In Jr,UI'-'·111¿_: ru1t, antl .1'-''''lÍ.Itt·d C<HILt.:ph '>lllh .1~ p1 j,·,:. \\C 
sh.!lt f~)llow '""'h" (l')í· ~) 1 k 111 t.;rn f,,ff,m·, R.1t...hlí ti') i')J, qu<lllllg him :1' 
follO\\., 

'lt '.\ df l't.: Cllll\LIIILII[ (!l li'C ttll; (LIIll "p¡ 11 ¡;" l!l lh gt'llt.:IIL 'Lil,•t.: .111d (1) 

lilcludc ur,d •. r th" tcr111 tlu· 111,11~\.'1 t.:\(11<:"1"11 ,,f u'nir.lll r.:•Jt, ,,,k·, pnt·e 
;1nd n"l l1f O'.'. ll< 1 h'l' 1 h• ,,; ;¡, ... ,; v.d<i• •. lll•l' •: t• •,.:cth.:r, th•"l~·h \t ith llll· 
C\Cilll<." <).:L, !'1 :• . ..:. t:,.: J'l ¡._¡; th.!l 1 hU]LI 1'- ·.•. illtn~: l•l 1' 1) .oflt.:i '-"il'.il!• 1 .ng 
.tltun.1ti1c'. rc¡•:L••··'. t!.y :'rL· u•! 111 d•,ct'lliil• .t \,di:,· ,¡f f11t.:rl·, f1.1il ti 
v,•tu•:'- ll:·: ._.,,¡ ,,f,, .. ~,, ,.:1:¡• ".1 fii:.LII•·•I .. rl,.>th '-''lllr.tt! ltlll .tnd ,tfl-. 
p11'-L. tL~· d'\ ···~• ¡n:. ~ r.._tl ':'tll/t.:' .\ (ll...,t t\f o,.'l..\..\)p.H~~...: th d h .tt !l.t··l ,t~ ~ 1~ 11 



• h IIIL' I<.:nl.d rncomc h..: llllglrt othcr 11 rsc he rcu::r1 111~ rf he 11'._¡..; to rcnt nut 
hh ¡•rupcr ty, .111d no o;rn.likr tk"1 ti>·-: total of lllk~c-,t un the m~c-,lnrcnt, 
l.l\,·-,, lll,IÍIIIL'Il,lf'CC,llld dCpíL'U.Ill<lll, \vhtLiJ lui.J!, lll lhc 1<)11::; [\111,1::. 111 O.t!,JJlCC 
11 

,riJ tk rc11Lll v .. luc '(R.rkiJtf. 19·1•), pp 347- 348) \Ve v.I!J, tk;,·f,)lt', u-.u.dly 
i'''' 1 •• ( J . " ' • 1 

L ¡r L" .111 Jh1l rcnt) 111 l•ll~ '..::,~·-· \Ltllj L'CU!It'1'1J·.h 11.1\C hcc,l pr1111.1r rly 
Ctli!(Ct ¡¡,:,! 11 11h thc p1 ICe of rc~i· '•'llli.tlland, ahJ h.t\<.: -;c.:p.11.1kd th1::. from thc 
¡me<.: 1

1
f huu:.rng which goc.:'i 11 tth it Gcncully spc:-tktn~. 11e slt.tll u'e 'hou:-.c 

¡•ncc:' lo rder lv the appropn.tlc bundle of housi¡1g s;J1icc~ \1h1ch are, or 
L:ln. be. purch.I~cd, anJ wh1ch 1\0u!d, of cour~e. includc laml priLc Tllll\ 
h:t\'Jng <.:'ilitblt-,hcd thc naturc of the CütH:cpl of pncc, un..: of lhc pt llllC 

tntcrc,t-, of thc ccononml rs lo prcúicl it \\ 1thin a model. 

In tl:c lyprctl cconomy, lhcre .trc t\vO krnds of anrmal: con<>umcrs (indi­
ndu.tl-, .tnú househokh) .1nd p1oJuca~ ('firms'). The ccono!lli:,t brings lo 
bc.tr.on !~1.'' ~it~J,\tion h1s thct)ry uf C('ll'>Limcrs' bckn .our, and thc thctHy of 
thc (¡r¡¡¡ f !Jcy 11\Vül\c 1\0tions of ÚC!Il,JIIcf and Sllpp]v anJ 1\l.lrkct ¡1r0cesscs 

1 • -
w 11cr• en'>rire lh.tl supply malchcs demand al an .1pprupri.1tc.: p1 1ce. 

lnthc: 1e¡y brn.1dc~t lerm-;, this \\OJks ;>s follows Suppo'c lhcre are thrce 
gootb, l.? :Jnd 3 (11h1ch m:ght he hous;ng, trampurt and 'all olhcrs', rcprc­

->cntL'll h) 'm?IIC} · po,,¡nJ;) . .111d c~n !lldll·ldual r can huy qrJ,IIl!llics x;, ~ • 
and \~ at pr1ccs p 1 • p 2 .111d p 3. out of his tu tal 11\COJ\lc /', all of 1\ hrch is 
'Pt:nt We a~., u me th.tt the llldi\ 1dual\ prderen(t·~ can he rccl)rdcd 1n thc 
fn1m of a utiiity functll1n ~ 

( 10 ~9) 

Thc rrHIIvidu.!l lhcn bcl!d\CS so .l'i to ma,imi;c 1h1~ funclion, ~ubjct..t to his 
budgct LO!hlr.llnl ~ · 

L x~pk = /' 
k 

(lO 90) 

fl¡:, 1 '1' •'lllt.r!Inn pr•1hlun c.tn he -,ohcd to gr1c th.._· <fiLIIIIIIy tif c.lLh gond 
P''•'. :. ,., d ¡·<·l•:l.tl!:-. 11c L.1n \\ nt..: 

( 10 <JI) 

''ll ·- ti.<..· 1:· 1''''1:. l''liLl,,,,, .1 \\di (kí'L'IIll (lJl l'dLh nf thc priLl'' .111d thc 
'"'

1
' . 

1
:1 :

1
'. "'•-•·11'•' ., hh h th.; llldJ\Idl!.il\ el,., .. , .. ¡¡/ r .. r lhc ~lh ¿!<ltld Undcr 

''" :: ~. '-. · ·J•,- ¡ ¡¡,, ,·,, 11..: l.rn .1::;~~~ <.:~!.tic O\t.:r in.!1\ 1dli.d, r, to uhl.r111 !he 
.1 -"_' 1 (_ .~ 1 ! ~~ { ~ \. 1 : 1 1- \1 i 

\'. . " 
, . ., '' 1: ·'~ 1 ,1 fi1111 \ lt' rr• d.¡~_IIIL' l -,¡'-·J•dlt:.-1\~IIJJ,c <f,_(j¡¡'~'' by ih 

·¡¡ r.:·._¡,.,ll 11 \\,11 purLL :'t.: f.r<_t,,r rnr:·:, 1-;. ~~ .111d .1~. -,,¡y(•.\I¡¡LJ¡ ·'. 

m.1y bt.: l.thnur, hnd .JIHI C.1p1t.!l) :11 ¡mt..<.:\ !'{.¡•{ anú p{ If ·1 produce~ go,,d k . 
lhcn its p!t1ducli<ll1 funt..tinn C.lll bc: form.t!Jy wntiLil ·¡, 

X~= \~(/¡,y~,/¡) 

If 11 ~e lis .11 priu: p,, thcn Its profit IS 

(lO 93) 

(10.94) 

lt is ordinarily as~umcd lh.Jt lhc firm bch.1vcs ~o as lo m.t\irni7e its profil~, 
G ·in e4ua1icn (lO 9-~). subjcct to (JO 93) as a t..on,IJ.tJII t Wc c.1 n o;o]vc for: thc 
Jt.s in tcrm of pk (.1nd thc f.1c1or prtccs which we ·''''tille gi1cn) to give 

(JO 95) 
We can, undcr suitablc conditrono;, .lggfc~·alc lo gi1c 

x: = x:(p,, p{, p{. p{) (10.96) 

anJ do this for c.1ch good k Thcn, by sctt1ng ~upply cqual lo dcm.tnd, 
(cqu.ttions (lO 92) and (JO 96)), we c.111 sol1c thc r~·,ultJng L'qU.ll!on systcm 
for thc priccs pk, for given f.<CI<lf priu:.;;, .1nd th..:n r.omput..: th~~ qu.tntitics of· 
the gooús m.lnufaclured allll co.¡,umcd 

Th1s prcsel!!.ttion is pcrh.1p-. gr<lül) Olt:r~Impldicd Thc rc.tdcr who is 
d!SS<ltlsficd \\tth it can cono;ult any ~l;t¡hl.trd ccnnnmics tc\t and find thc 
discus:,IOII lakcn much furthcr, more rtgurúu,]y IILli'.'C\er, 11 doe~ providc a 
basi.> for npl.1inrng thc d:f!ic111iie, cnnfr._,nli¡¡g the urh.1n ccnnomio;l, ;1nd the 
mclhod-, ~~h1<:h ha~oc bccn sug_!;;L''ILJ to d.lk fn1 :-.nlv1ng thc~c d!llicultics 
Supposc, as ~ug::;L~ted c.~rlia, thal in cqu ¡¡j,,¡¡ ( 10 X9) f0r thc individual 
COJhumcr, '( 1 rcprc~cnts 'hou,ing', x 2 'tr.!n'p<lrt' .1nd x

3 
'othcr'. 

The first dilficulty rs concancd \\ 11h lll.il..In:_; th.; lllslitutinn.ll fr.ln~<:work 
rcalistlc, c:-.pcci.!lly on lhc 'upply <;!tic lf 11c: cono.; . .!.:r llut .1 numhcr of fi1 m-> 
ex 1st, in a pc1 fcctly cnmpclllilc ct..nnumy, t,> prut!uL·c hoLhing. thcn lhi<; ¡., f.tr 
front t~,·¡ng r..:.J]i,lrc Thc ¡)l(l>IIc \L'Cior ¡-, ii11ohnl1n .tlll.tjur 1\,ly, .111d 11ill he 
bch.t\l!lg aL·,·úrtl!ng to m..:ch.tnio;m., olhLr lh.t.J pr,,fl¡ 111.1\l'lllt.iliLlll /111 
p.!r!IC~ \\¡J] oper,tlt.: in.! fr.IIIIC\\llll.. ~~f t..OIIlj!IIL.IIul k~,¡] COIL!J.illlh. 

A St:l'Cllld dilllt..lllty Ctlllt..Cflh lht: ll.lllllt: l)f thc h<lll,lll):! gnod !hdf rhc 
th<.:OI ,.;, ·,!-_' ¡._ )¡,_·d L,tl :1cr '\l ll k h~,¡ 1r ):!IJ< •d, C 111 bc (lllldllL '· d 111 L'llll! 111110Lhly 
\la! ji!~~ .111:0\i!f1h f11 t!Jc l' 1~1; ¡¡fJ.OU\III~'.ih< fL ,¡¡._ .,¡h,t.•¡¡;¡,•J¡¡¡d¡·,¡·,d;¡J¡[¡e-;, 
,IJld lh<.. C\1\fl'll<-L' uf,¡ j'fL\11111,]] tl<..'\l)<lj'Ld \(ll•_k )ltll!.lllg 1:-. [<J 'l'lll<.! C\1..:1\[ 
a C.!p!Ld :;• ~<id .1-. •1..:!! "' :1 Cllll'llllljll:tlll guod 

1 he,.._· dif!i .. rdlr<..', lhnu~h grl' 11 c'll<'IIgh .. lf<..'ll<'lht~•:~ Ctl!n¡•.rruf In thc lllthl 
imp<..lfl.lnt of .tll 1\t.: ,,¡w 1n 1111r l',I!I.•_r tl¡·.-..th'l"'' 111 SL'LI'Pil 104 th.tl .1n 
inrpurt,llll qtt.drly tlf hnu,111:0: .t<; .1 ~::••,,,) 
Cflll •. •:, ::,,,,,!ti 111.<11] <1!1Jcr .tt..ll\111<'\ (.111.! 
IL:rc) q¡,f ''''~'·" ,ll'd-¡'h; .¡,_~¡f ~~1-\lit>llli1Ldt 

¡., ¡¡-, I"L 1{1<111, \\ l¡r~h tktc·r¡¡¡¡~,,) 

IJ, ¡¡, t', 111 p.1r1. li.•lh¡1•lll t:\pu!dJ­
lt "t!:t, di!L•~tdt)-,lr,ld: 11.1> 111•·,t 



l!Pti!ll,_,! lll b,u¡ l'C'LII11.lllliC ihl'PL>t, IJPW ltl g11~ ti:c tht:OfiC.:S of t:L'OilllllliC 
f-.~,.l¡ • ',J,)\Ii .1 ~p.tti,!l .Jii"lell~lllll f Of lht: hl'!l\l!!g l.'Pil\'!!11\.:f, lht: Co.. <llCl! of !he 
,J¡:i,,_:l 1 t~ ~·."¡be St..'t''l in·;: llh ni~··ll',tli~>lh (IO~N) (11)')1). Thc'c lllll~l nO\\ 
be "'·:d;: ¡,,,urio11 :,pnific. T¡-,, .. '":'!'•he l. !.thll~ ti•.: h)L.t!t<.)ll, thc1: (JO 89) 
t-._~\.."'t 11,, .... i 

.JIIol •:.¡•ut:on (1091¡ \\lll bccomo.: 

' . (lO 98} 

Sine.: t:1c pric':" (al ka~! for hou-.•n::_! and 11.111· pot t) lllU'>I 110\\ be cons1lkrcd 
lO \,!lj \\lth localion Fom!ully che situotion ;, ert'l! 1\'01 ,e, a~ dcnwnd ata 
/(lc,;t :un 1·. 111 al so be afimuiun of pricc~ ot u/1 orher fo¡·,¡t rum /\lon~0 <.kscnbcs 
thc ..:11~111!16 diflicullie:, \Cry wdl: 

·cl~n,.~L¡ucntly, the dcrn:md cu1 'L'' f0r thL' '.tmc HH.li .. 1dual will vary with 
!11" lo<.'.tl;ún. Since p;¡_rt ofth..: pi•Jbkm oftind111~ thc lol.lr!..ct ~o!ution Ct)rbi~ts 
of find1P~ ind1'idual locdtio·¡~. not kno\\'!t~g thc locaiiOII~ of rndi•.tduals \\e 
',\OUiol '1• o! 1-.::o,\ which of th~1r d•:lll.l:ld CUf\C'> lO USC (\) butJd Up Ollr llldfKCt 

.dc:!1 .P1J cur'c 'In other \\ür<.h, 11 1::1 (lt) lon:;~..r ¡;n~:-.i_bh: lo .t¿:grcg,!lc to obtain 
cqu.\il•'ll ( IO.tJ~). Tho:rc 1~ .1 corrc·.11t)nding dil1;culty 011 the supply !;iJe. It 
m.: .. ,,., t'h.1t I'.C c1n no lo11;;:r rnnJ..-1 th·~ m:1r~d opcr.1tion by ~ctting ~upply 
equ:•lto dct;,:md ao¡ \\C diJ in ího.: t'.trlkl an.dy~is. 

Oui Gr~l !.t'k th·~rcforo.: is lo expl~>r..: how ecn;¡onP>h h.tvc bu!lt ,, o.;p.1ti~l 
Glm·..:·hilln 11Ho th•~1r an:tl~sis and lh~.:n wc c.Jn <;ec \,11:11 this n¡c.1n:-. fnr 
bu1:·l1ng !Pndcl' 

l ~1..: h,,,,~ oftht.. cur¡cnt '>~)luli<)IJ tP thc probk!!l h.l\ 1h origins in lhc \\Ork 
of 1 <)11 ThuJJ•:il ( 1 ~~6¡ on .l~rit..PI1t•ral i.tnol th' Thio; n>t>d.:ll'.tS bco;¡¡ fLirlll.dly 
dc .. c!orcd h) Dunn (195-1) :11HI J,,ud ( 1()56¡. In tht.: '.dwk of 1hi'i p.trl of thc 
:¡r~·.ll·\·.'llt, W•: :•rt.: re-.t.¡l¡ng !h..: ,.,,lrk ,,f t\lnn<;n ( lí)(. 1) \V::. bt.:~lf' by ~:·<p!.lill!lig 
th•: '>lill._li!'t.: llftht: .lr!:;Uil~L''!I jr¡ \'l'IY btt~,ld lt.:IP1<.,, .ltl'l t!Jcn Clllllll'dlll~ b.tt..l.: 
t·J <ll.r e 11 lj,_r di":u-.~i,,n E o, en t!lt.. muro: .!t.:t.Jikd t.:'a''''lt:u•J 1\11! b.: a C•)ll­
.;;d.·r.·i·:..: ·Hnpl f;,_,ltÍt'll ¡lf \fllfh<J\ '.\01!._ .111d t!•o.; lolkl'''tl'J r~·.IIÍt'f '>hOu!J 
lllll' :rlt J¡ . ., 1 <;(,¡ h• ¡¡~J.,. d~r•.:Ltly. 

JJ.,.: l , .. ·r¡u; ¡¡f th•: .1r:;1 .tiL'1t í.'·'~•'u.l'> In thc nutl<~ll nf 'rcnt' and runs ,l'i 

f, 1. '. • • , \1, · ·.: h. • \e .1 l. 1!. d .11, 1 •' h: ,_ 11 !u·. 1 111.11 ¡ l 1 ,1! Ji , , • 1 t! 1 •.: .! Pd 1'> n t 11 t: n' i ·-..: 
l! ~·! :".., .1~: llll;tu:: ·\ f.!ll.'cr'.; ¡• .• ·t::, r• ,.,Jt flt~l!l :r...: ~.1 1 ~.: of !11, cr•'P• Jt.:..,-; 
t r ··-:~·¡ '.,.1 "-!'. lt , ... :, 1 \ {J¡¡/J\fl,lt/ (l!'/\ llll: ),, .. , f¡,t;Jl 1_.! r,_ t(tlr~ ll)~,',lll~ t11,t(, 

1\., 1 :_:
1
'.l" li· 1)' l.:;:f 'it trlr rh.: '-':·,Ir,; l '" '-;''i':I:LtTI,¡ t fLil{ rl·l t'J"~ tv rtlll,\.~ 

t!o ·•·"'' ! 1•:•! "1 '1 ·; 1 :; ; ,·¡ '.'.t'Jdd O:II'.Jiit: t!•.d tilo: f.tl ,,.t_r p.¡;·! thr', ll'lll lu th.: 
!.11:•' ''." .1 J.¡,¡ l•·l·l¡'•.lill'.:.: ~llll dlllll, .lllj p ll \1<. Ji 11 f.lfi'ILI \\IJU!d he ,¡!Jh; 
¡ .. • i r r i ·: ·!;o,;d ,.¡ .1 l•'l·ll!tlfl 1 rc111, j¡¡., hr.i-r, nr. fnr tlut !ol.lllt;il 1 h~ 
~ · ' 1 .,,¡ t;· 'J '·_:, to th !ltt_:ht'..,( !H~!,~::r J},,: ,t, ·,, d l.lth.l pc1c~ '-IPIL: .... · • .: i'\ 

;;, .. 1.· J 1 •J r, ,_1, 1 ,_· nr rllt: \\flt)IL .. ,_{ ~d·hh~-iL·I~ "--llf¡IC'J 

Alon-.n h,l\ •:\l..:pdcd !he b1J n.:nl cnn•.cpt tq iJ,; o~;J¡•i!L,dr!•_ tu IL< urho~n 

liri:• .amito tho.: rc-.rcknt In rhc c.to.,·; ofthe firm,l.11lrl r.·nrp ty,¡h:.:(!,un.o:f,,th 
callcd l.1nd p11lC) i<; onc of lhe co,t lcnns sublr.tt..t•_ 1 from ro.:wnu<.: in ihc 
C'.tilll.lllPI\ oí p1 <)lits ll IS titen po~~rb!c lo l'',lilll.l!c .1 h,d-pn.:c ¡.,, a g.iwn 
loc.ttrun f,,r .t g.•:cn k\~,.l of prdlt~. T:1ut: 1-.:111 t.:tj'ii' ,,k,,t p1<J\ .. t:do110.: fu,· lh·.: 
r~>llk:ll' l.•nd pnet: ll•)W ~tppc'.ll::. as on;; of th•: tul't> 111 tht.: hud¡,>i .:qu:tl!Oil, 
3nd w..: un c·,t¡¡natc a bid-pricc al a loc,¡t;on fM .1 g¡•.cn k\ el of utd11y. Thuo;, 
lhcrc are nn\\ tille•: compc1111g uscrs of 1.1nd f.rlmcr-., !lnn-. .1nd rc-.iLknt~ 

Therr bid-pr ict:s h.ne bccn COII-'li nctcd in such ol W:l) ,1\ lo b..: Ctltllp.trablc. 
l.andlord~ at cach IL1C.1tion now ch.1~ge land p1 ict:::. \d11ch CLl1'1t..id:.. w11h thc 
h1ghcst b1d made. 

Once thi::. conccptu.d breakthrough has bccu.tdlicved.the ro.:st uf Alon<;,,', 
analysi<; 1s conccrncd wilh :>howlllg how ¡he m.ukcl-c;c,lnng pi.LlO.:t:-..; wurk~ 
so 1h.1t an approprialc cqu1llbriurn po::.ililm ts .tchio.:\cd 

Alonso has lo makc 3 number of St!tlplifit...iliono; in ordcr lo ¡,,_; ablc lo 
complete his .ln;J.Iy-.is Thc most imporl:tn,t'is to ·'""umo.: th.1t jobo; ;u.: con­
ccnlr:ltt.:d in the centre of thc city, so th.tt 'd1~!.tnn.: frolll th.: Cllf)' sen e~ ,1:; 
an ad.;qn.ttc mca-.urc of locdlion, and ·com;¡:utins co.,ts -" .1 m.:a-.urc of 

__ lr.lmpor! e<.~~~s Also, he i~ pnmartly conccr.n~d wrlh_lun1 r:1th~:r th.tn the 
v. hule b11ndle of hou~i ng scrvic·~s. _ -

\Ve can 11\)\\ indi~·.¡tc how thcsc idc.t'> \\Orl-. wlth tho.: -.implc..,t cqu.ttton:. 
which \\t.:IC rntrodu.:o.:d carller. H~\\C\t:r, we 111,1L:l· no di-.tllll'IJ<.''l bd\\0.: .~ 
farmcr Jnd firms Wc also lry tp a·.ord th..: rc>tlll'!l\t.: L'l'Ptr.dily .~,,umptÍPI: 
Furth..:r, w~ Jr-.tingur-.h bdi\,CCr. tho.: hllll-ro.:nl Ulllll'''llt.:llt ,¡f ht>u,:ng pr.í.•é 
aml tht.: rt:~l 1 et "<(!.) b..: thc qt•.lll!lty ofh,u~mg \,!11d1 could he purLh.l'>:.:d 
by rndi\idu.d r at l<>c:ttton /., at prt•:..: p~' -t p~(L), \\h~·r,· 1'~ i.., thL· rent eL>I11-
poncut; kt X~(L) be !!11: COtrl'Srt..111'.111lg C\p•:lldltW..: o)ll !t.lll'l"'lt .1{ prie<: 
p2(l.¡, .n>d \~ .1t prJCc p3 (ntlt ·'\''um~··! dt.:pcn<knt uq IOlltltlll). th..: re't. Tht:.l 
c.qn.:!run~ (10.80) t0 (1091) {a.,'>llllllng for tht.: n!Poll'.''ll •h.¡t ".·: lll'ed only 
con-,idcr priLt:::. .ti 011~ lo\:.ttiC'!t) becotnc 

.tnd 

U'(l.) _-_, ú'(":(l.), \~(/.),·''J./') 

x;(/.)(¡•~1 1- p~(l.)) + ,·p )[i;¡{f.) 1 '~flJ 

-.:~([1~1 .p~(l ). /'¿(/ ),[!,,/') 

'1:~(['~'. p~(l ), fl ,(/.). ['¡. /') 

/' 

( 1 () ')')) 

( 10 100) 

(ltllOI) 

(lO :1l~) 

( 10 !(¡_\) 

The l.r'>i, 'll',ii'"Jt ,]¡, .,.,; th 1! ,~ \\ !11. ,,f L'<"ll',t.:. ¡;,_. .1 f'IIJdJ•·n ,,f l. •'r .1 t:Íil'll 
\,ti\ •: o)f { ', ::..1., { ~. cq:•t!l••il (ill')'IJ t!li<l,lllill• '> .111 llldd],rul• ~ 'lilf.t,,• 111 

ti•..: ~.lll,il•l., ... 1· 1: '1'~. 'Cf':llltL·po_'i!l.lj"> "n' ,!l•l•:!d >.Jy, fur \\0.:.111.: ¡;,•! }d ·11r~ 



,,\1.11 \._li,d t..)(,lllirn.tllt IS, L. W~ C-111 thcnli:-C cqU.llillll (10.100) lú e~llllld!C . ..J 
''" ·~·nr, p~(l.), .l~~uming t..ltha pnces to l.:e g1vcn, .tnd '"•· x 2 and x 3 bcing 
\kki "l<f:•'" \\,1<.:11 u~ l!> g¡vcn. Thu', fc)r e.kh llldl\ •du.11 r, \\e h.t\'ü .1 Old-rcnt 
,¡¡ l' tlh k)<_',ltlt..)ll for e td1 k\ el <)f uttllt) u~ 

1 ,)r tlic fi1 <11, l.1'1d ,., .1 f.1ctur of p1 •J,luct!'on ,tnd so ih p11t..c, p~(L) bccomcs 
,¡ fu,ctt,)l\ of loc.ltl('ll, L Thc pr1u.: .tt \llm·h 1t can sclll!~ product may also 
b.:: k"1tion Jcpcml.::nr, as may thc co:.t of rts bbour, :~nd :,o thc cyu1v.1kní 
l'f Cql1,1lt011S (10 9J) !O (JO 95) IS 

x~(l.) = x~(J ~ (!.). r'z(L}, Y~) (10.104) 

is thc p1ocluctron function, and thc pr<)lit le\el is 

G = xZ(L)p,(L)- ;~(L)p~(L) -- J~(L)(p~ + p~(l.))- y~p 3 (IO.IOp) 

Not..: that, without lo~s of gcncr.tli!), \>C c.1n u~c the <>.utlc notation, p~(f.) for 
thc Lt11d rent p.Ht ofth..: buildmg~/bnd cost, as for resid..:nt<; p~ rs the buildings 
part of thc cost Th..:n, a gi\cn lc\cl of prorits G0 , dctcrmirJt;'> a surface Ífl 

;~ (l.), J ~( L), y'3 a nd p~{l.). Thu.;, for a gi \en y~ (L), ~(/.) a llll IJ, we ~a n 
dekn111n..: th..: b1d-n.:nt p~(L) \\h1ch wo11ld g1\C a lcvd of prorits G0 . 

1 he r11.11 ~.ct-ck.l nng procc""' nO\\ i 11 vol'.<-''> (i) f•)r e:tLh L, the l.tndlor d a t L 
<;<.:.11 cll:ng h1d-, 111 Ollkr to sckct th<.: lugl1C'>l, .tnd (il) for e.tch rcmlent and ~ach 
f11 111 111 lll111, a s~.trch among thc1r b1d~ to fi¡,rJ tl1e diJdabk (acceplablc) qne 
1\lll<.il Sllc.~ thc h¡ghc ... t utrlity or thc h1¡;h<;~t profit. (Th1::. rn.trkct clc,lflng 
procc'' 1nland rC11t t.tl-..c:-. place \\ill11n .111 crn:ronmcnt whcre uthcr aggregate 
!>llppl) ~.km.tnd rcl.ttiOil\hlps, for examplc on x;, h:ne been dctcrr111ned and 
sathÍ;·~d) One of Alonso's ~ubst.lnt1al achlc1emenb wa~ to en'>ule that, 
tll1•.kr h,o; re ,(¡¡t..ted condrtlono;, such a marJ...ct-clearing ·'1:'grcg.ttion could be 
dcfipc·J .1nd \\uuld oper.tt..: in a unique w.ty The adv.Jnt:t::;c of thc more 
gcn··r.tl funnul.i!itlll prc,cntcd hcre i~ l\\Of<)ld. no a-,<;umpt1011 of c..enl!.tlity 
IS llc•:.l:..d ,¡prJ. 111 prÍ1Kiple, we c:~n con~1dcr l. to L1hd plot'> of g1ven, frnite 
~11<.: th•:1_:h thne 1'> thcn .t corre~pond1ng ddli~.ult) 111 gi,ing x~(/.) or .r~(l.) 
.1 111· .1 1111~ (()¡¡.; -,plutl•lil r~ to 111.1k<.: f. a d1>~Jide l.th•:l, /. 1, L 2 , \\he1c f. 1 
rq'l· ·- 11, tl1..: tnt.tl hokl1<1g of <1 g1\CII l.tnd<••\l'<:r, .111.! 1. 2 thc \\huk :,el nf 
,.,r~ ,r.,;,•nl1'> '.ll!ill!l 1t ."Ihc~t.: sub-dl\1•1011., \\:ll·u.,crl.q'. of cour,•:, and the 
fÍ, d .I.Ll¡'!uJ \llh-dl\!\1011 \\Jll 01..' ¡l,_t.:lilllii•J b)' tilc l)l(ldlilg piOl'C'><;) 

1'~. ~·.:¡ , : 1 ·~.. ,¡··~·k n:.:111 p•1int ,)f.\I,,J, ,¡\ 111'r\ .. <~•> llJ.I:tn how 1t ¡., fornlll-
1 ,: ··' '• :i1 1t ¡l;,· n:< ch.•ni.,tll of the I11.ll 1·l t-Ll• :rli':.: P"lc• ., IJ,¡, to he 111.1de 
<.·;•i. ·: ;' .... : .1~·~·¡ ¡; .. 11<):1 1...111 be· ,,¡t¡.f,:._t,_.¡il;. l.dl<ctl ot:l Otht:r ,¡uthur~. 
•.! ., !~ • .,..: ,¡,.,: .. ¡ '>lJ!ilr:lorc or k-'> thc '>.'lnc 1<)•>1 .. 1s ,\!•'11"\dO nnt '><-Ll11 to 

h.1 ,_¡, '•1 ,,.,,l,lC"fliiii1!111Sre\p<.'t.! \\'Jil,:<l(li)(,l jl :\'>j,J,.\,l•)jh.tJL'IIJ.IIid 
f~, "'! •11 ~<lf ll . .fi',Jllll.d l01l'>liilljlli<lol uf IL'>iLkiltl ¡j J.¡¡:d l'"l llllljlf;ilil, but 
il .•:¡,,, • 1h.1t 1! C.lll be agg¡e¡_:.dLd 111 '·"d1e '>~llif'l.: w .. y, lll<>IC or "-'<' 

• t1 (10%) '.',;¡.., dcri\cd fr<llil (!O'J)) :'\!u:], (1%1, 19W) al'><J hLg111' 
· ... ,, · :'"'- ; .... ¡., .1nd Jnel•'Jl· .t.,,_-¡ «f .:qu.t!l•ll" !•J Jc:,LIIhe the <.:ljUilib-

num pn~itron of the indi\ldu.d 111 the htHI\IIJg m.uket Hü\\C'«.:r, he av01ds 
thc agzn:go~tion •~sue by Sllllj)ly di~cll~\lllg dilfc:rcnt J...imh of bchavrour for 
Jilfcrcnt kind.; of pcoplc (p.11liud:lrly by lllC<~Ille and r.1cc) He al<;o dcvotes 
a cnnsldt:rahk amount of c1To1 t to a study uf the eqllllibrium of housing 
produc.;¡s Yct anuthcr .tpp1oo~ch c.tn bc found in th..: work of A.-ldls (1')60). 

He a~toids the ..lf!glcg,ttion pruhkrn by conccntrating on an agg•cg,ttc 
prod,uction function .lppro.tch to the .1nalysi., p10blern 

The reader can pur'>UC thcsc variou<; .tppiu.lchcs In whJtcvcr detall l•c 
hkes, bcginn1n;; w1th thc rcfcrcnccs Clll:d .1bovc. Therc he can .tl-,o rind a 
guide to earl1cr \Vork by urb:~n ccc1110illl'ts, ~1n aCCL1Uill wh1ch wdl no! be 
rcpc.ttcd he re Alom'o 's work sccrns to be the n_wst fully dcvclopcd at thc 
pre~ent time, and 1t providcs a rnicro-an:~yt ica 1 fr .llllC\1 01 k ag,tllbt \~h ILh 
many modcl-buildmg ,lttcmpt-; can be comp.tr..:d (111cltHJ1ng thc ~pcttlall!lter­
action modcls wluch \ve \\111 pur~uc in Scctiun 10 3) Thae is, hu\\C\Cr, 
perhaps one major tli'>.tppólntmcnt w1th ,tll th1s work ~a-,cJ on cconomic 
thcory: \\Íth one po-;~1hle cxcept1on (th..: Hcrbcrt- Stcvcns modcl to be dls­
cusscd further be lO\\), no ver y C\Cillllg o pe r.tt lt..)lld 1 mudcls h.\\ e dcvclopcJ 
frorn the work. Many l!N;;ht.;; .lnd qu.tlltall\<.: dll.dy~c::, h.ne oeen obt.tincd, 
but fcw c!Tcctivc m~tl..:k Onc ¡,o.,,¡bk r..:.tst.lll for thts b lh.tt rnost <.:.:ünOnJisb 
m the field, having e~t.tbbhc:d thc1r thet..~rdlc.d fr.tn1e·,~;ork. thcn re\Ort to 

esscnti:llly l1nc.tr or log lrn .. '.Jr cconomct•lc modcJ.., for thc1r cmp11tc.tl \\ork 
Alonso (1964, p 126), for cxampk. ptc..,..:nh only onc cmpir1cal cquation, 
estirnat.:d for Phrl.ltklphia fo1 the yc.~r:; 1950 1')5~. as f,,llm\s· 

whcrc 

pq = --222 65 + 04357(±0-1275)y -- 90 107(±22-70J)r 

R =O 69 S= 375·67 (lO IO(J) 

p = price pcr squ,trc foot, in dollars 
q = nunth ... r ofsquare fcct per f.1ll11ly 
y= f.trlld) inuJillC 111 dull11~ 
t ,_~ di~t.tnce from centre uf uty 1n m de;; 

TlliS cqu.tt1on ts typic.d t1f the gCIIIC ~T.Itt} more cx.11npk' C.Jil b~..· fou11d 111 
thc book b) 7'•1uth (ICJf>')) and '''<IIC .d~n 111 \1!11-, (1<)(¡1

)) The !1!.1111 po1nt tv 
!11.11-.e h~.·rc I\ th.tt thc,c eulillll::•,lilL' li111tlt.l, ;ccm 111,,luly >;J¡tipk r~.l.ttl\e to 
thc: th<.•HY 1\hiLh u;ll!tipilh th•:ll1 r.,r t!J¡~ re 1'·011, lh•:; \·.:lln.l( h .. · P"''''l:" 
,tny funh..:r hcre, thuu)1, uf C{\111,<.:, th1' " f:•r fr<>ill '>.1) 111:5 th.tt tht.j .1rc 
\\![hilii{ inll:re\( "l!Je rL'otriLI l'oiLf•:11ed (lllhC Llll~ill,J! ~•'liiLL<; 

Thc p•J·,..,¡hiL; nccpt1on rLfelr•:rl tu c.IIIILf 11,1., the llu"•.rt StL\cil" (I'JóO) 
!llOtic-1 of fC\Id•:IJtl.ti ltlL IIIL'tl \\'..: e\,1111111<.: thl\ lltl\\', ,!lid 1! 61\L'\ ll\ the 
oppnrttlllil) to cxpi('IC J¡¡¡c 1r P'"~~r.l!lli11ÍIIg ,,, .t tcd1 1ll'll!e f,,r IPt..tlÍ<)il 
!lHHklllll'! Thc di,UI\\1(11\ lih .tppi•lpri.tkly illlO. thi., ~LLII!ll\ ·" th•: undc.r· 
Jy¡¡,g 1>.1'>7" nf thc nwdel "'"'t \t.'l y ddTc r·:nt f¡o¡n /\lon"1\, .tnJ IIJLkcd thc 



t ·nc. 

l h: llctl·cr [ Stc·,,.,,, 1:.<; .. kL i:; ,¡ illll .. ! 1o }íl ,1, cnn • :-,t.;•¡t as pv':-1plc \V ith 
oth..:r illl'd·..:l~ 111 tl·,~ l.h.JL'k, c.•n h~ t··.¡ !tl<.:!i ·'" fniJ,,., .. , :'-.LI\IIlli;e 

Z -- )-. \~ \' T~''i/J'" _ ¡•"''1 
----~L. .. ,.\ ·, J (!0.107) 

1 \ IJ 

S1..bjcct to 

'[ I ·¡k·· S:..n ,. ~ L (1() 108) 
~ " 

and 

L 2~ T,~" P" (lO 109) 
1 k 

v. he re 

1;~" = nurr,b.:r of t¡ p.:: 11 pc::;plc loc,Jttng i11 70,¡,; í in a hou•..: of 1) po.: k; 

ti"~ thc tc,_,Ju¡t;,ll bt:d~ct <lllo~·atcd lo thc puiLI•;_¡~-..: ufa_rc~¡d~_r_¡~~-oftype _ 
k b) el hnu-,..:i·old cf l)pC 11; 

p;• .,... co't to .1 hou,chold of g. oup ti of .1 t;. ¡.:o.: ~ ;wusc 111 i, e!\[ /u,it e of si te 
co.-t; 

s~n "'-" arc.l utili;cd b] .1 hou· . .;hold of l) p..: 11 if ¡¡ h.1~ a typ..: ,1.: horm:; 

L, 3fl' ~ of l.md :1v.u! tbh: for r<.:~1do.:ntialu~c in ;onc i, 

:--:o inkLidÍon, •;t!ch ,ts th.: journcy lo \\l•rk, i~ r.:prc·"~ntcd t.:'.pi11.Í!ly in tlm 
mutkl, hut tl,,: co-..t of hou·.ing . .n:~, i'> to h.: inkr p!d<.:d ,¡·; inclutlin~ th.: cu~ts 
cf atltnp. 11' ·d·; b:. !h..: h<)ti',Lil<'ld Thtl\, th..: klliii/n -- p~" in th..: 111.1\inund 
r•;p1.-:.1:~ ti·-: l'l•l•!••<¿ pu\\<.:f for .,¡te rcnt, '.\llid1 :o;; ck,,rl) cqtli\aknt to 
,\!u,¡")\ b•.! p. ,-,· .• '!1J "'' thc r'lndd 1111 ,¡1111, _.,_j.¡d ill ru·, '>llhj-:•.1 lo con­
~t •. t:l•i-. ''·' ~ .. •-' 1. td.!h:li<> -111d !indo:l.::.~ C\l!}"il•.: .! lww~ .\11 o~n.!l;,i~ ol"thc 
,J:c ,1 .¡,,, ·., lj¡,,; 1fh1,!-r..:!!l b !11,1\lil\l:..:d, l<.ll. ,! r. 1d r ,,.¡ r-.. illlllirnth'd (~-l.JIC 

tb :t h_:., ,¡;'' •w: f, ,¡r(·.! .! Plll ,Jft'~•: 1•1· -!d.i•'ll'!l'' i''''''Y ljj'<: c"n-..lr.tint<; 
'-''··'el L-.:- ·'t•. :r:•l iht,, •:.:rr)' LH:t ti .. ; · .... ,•: f,,," li•''l ·" t! ,. h:,.h:al "l'·11i 11 
Jf!~.._í,:L' • ' 1•• \:) ~~~-~t[l\(.! (t) ,\11la(~.cJ\ fl]j(~•)- ~f1 ~!j ,f'-.. ¡r,,fl\ :,f:f d h(tll'-.\!­

hll!l!' ~ .. ·. : ... :1 :O:•"t:;·.·d by typc, .11•.! tl•c 111 ·1l •.t • '· ·r: ·_: :::··ch.llll'ill h.l'> 
1;_ ,¡ r , ,: ! h¡ ili.: lin.:.1r pr.·¡_:'.l:'tl'"ll~ .l•.r:u'l ·¡ !t11', ,., ¡}¡,~ ,llftiwro; 
\.t .·1 l¡ .1 1 t ... ~~" ,1 11 ¡;~ .. _fin n:L1 1 i1,~~ lht·lr rn. ,!t 1 :¡) \!,):1.\).,.. "lli" nh.:th,,d 
J-.. r~¡;r '•, .·¡·: ~ ... t.hr~.:ltfy. but \\C f,_,J_iJ• 11 t)'¡t i ' !1 {t!''~r 1Plil1i(:¡__! flh)dt_f 

!'• • ,1 ·0 '·"···· .:pp1u.tLh rh d ''!J .• ;!, ..o• •.• ¡·1.: L .111d ·.•.•·r~ .:hk·. Tite 

()¡j¡, r \¡r~•rrl,\1 J 1. tu ,i', rl. "'• .J 1 't 1111 n \1. d·l: ''!.! i')') 

tl!ll:udtic'> Wllh tlH.: 11\odd in cmptric,llt<.:rm> :ut: .._,_;ncc: ¡,~·d \\'lth th..: ~.:~t··n l· 
tion of th..: qu.mt1t1<.> ¡,••, p;" anJ _.,k•. Th..:r..: ,In.: .11"'' thCLll<.:t:~_-,,: pr•1h"- ,~,, 

wh!ch will be di-.Cll>\l'd bdO\\ 111 S..:Lilüll 10 S 1 !owcvcr, for the nmm•:nt ',\'.' 
;!Ckil•1\\kd¡;c 1t a-; an <::kgant anJ rd.ttlvt.:lj -.in•pl..: m.tthcPl.ttic.t! nprc-;-,¡,_,!~ 
of ;\ k1rb<1 \ th..:ury 

:···.7. o·I IIER Al'P!~OACI-IES TO R[SIDE~TL\L LOCXIIO'\I 
MO DE IJ .li\'G 

:rhcJt: .He .1 numbr:r of te~.:hn:qllcs \"hich v.c h.tvc not yct ~.:nmitkr..:d, in 
p.u trcubr thos..: bascd on ccologic,¡J ,¡n,lly~¡s .wJ 011 tlio.: ~imubtil'll concq·r 
Thc fir::.t of thc~e can be dcalt with b1 iclly. No fully furmali1cd mathcm.lú·._¡] 
moJel h;•s becn developcd by thc ccologrc.tl school Pcr ha p-.. thc n..::Hc~t 

app1oach to th1s \\,15 ih<:: modcl used to fotcc.t'il land u->c in thc Chic.1go 
Trnn:-.port.ltJon Stud) (1960) All land uses werc COil..,IJaul by the modd, 
but thc cs~cnce of the rcs¡dcnt1al localltHI mech.llll'>lll \'.l' ;¡-; foii•'\\S. Ar. 
asscs'>m~nt wa<; m:1dc of th..: rc"'d..:ntial C:lf'JLity of e.1ch /1111.: •n thc -.,wdy 
area. Thc~c <.<;~cs-;mcnts werc thcn ranked accord111~ to tb~t.tncc fr,>m !he 
centre and thc C'\l~ting pcrc•~nt.Jgc C•f C.lr.lcity for t::\Lil .lfC,l W,IS rl•_,llt:d, :\S 

sh0\\11 in FÍgtÚ<:: 10.2 (Har<Jhurg anJ Clo.::glit<lll, 195~l. W1ngo. 1~61) 

e 
"' ~ 
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An t:~lltlut.: \~,1'> th.:n nud.: ofth.: ~!11ft in th•-, ~l'f\C c.ul,t:d by futu 1e 1e-.i­
dclltl.tl <1L'-<.J,,¡,,ncnt to g1~e .1 rcsult a~ Jcp1ckd tn FigliiL' JO:l (H.1111b11rg 
ami Crc:,:_:llt.·:l, 1_95Y, WiPg<J, liJó!) 1 h1-. gncs ,¡ prc'r•·rti•Jn <lf ncw J~.:\dnp­
!llL'llt 11\ th<.: f,q·t:L,I~[ ¡'t:fiGd \\hiCh Clll hL' dJlpJÍ<.:tJ !O <...l<.h /()llt\ (,lL'L!lfJillg !O 
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Miles from CBD 

F1¡:u·, 10 J Sh1ft of r~Silknll.il t.lp,h.llY cune (l{cprc>ducL.l from 
J R 11 lll•1•tllg .111d R L Crcl¡;hlcHl, ,l/P Juwnul, 25. f •o;ur~ 5. p 71 
(1'): )¡ R· pr111tcJ h) pLrrn"·l<>n of thc Jcwmal rif rhr .1mcrr«Jn 

/n-,llltJtc of P!lllltlt!rs) 

11-. d,-,t,¡¡;,_. ~~f<)ll¡ 1 '1l~!) Thc~c c-.!mt,tl<.:s \\L'Ie th•:n lllodlfi .. d '.tccord1ng to 
'·' ·if JI:,!:_· 1 .... l .11' l 111 th.1t '\Cfl\0.: th<.: fll<;,!c! \\,h ;wt .t ful:v form.tl m.tthc­
ll'dtl•".d <), ,· 1 :·~ il'<•<kl·l, nut 'lllctly .tn <.:c.,J,J._:'c d nnL·, ¡,,;t th•: rc.1dcr \\11! 
o~·- tkd 1t 11:q·: '- · .. l,•d•!lc1Í C<>lll'Cntn~ nn.,; d~.:·.c.l<ljllllllll, ,lfld 1! \\.t~ [Jfl>b.tbly 
nu .tc..:.ckJ,, ,;J .. t tiJ•, ~11:d ,,fntnd •. ! \\,1'> <k·.Liorullll Cht• .. lg•>' 

\ ''"' ,1., • "! 1'11 .:._.¡ t tc~ 1 e·, thc pi<JI'k•1ll'fc,flo~,.ltlll,o' IL·.;dcnti.d dndop­
lll<..llt h .. : :• .. ',, 1 ,•"d '>\lth \',¡, ll rll•b.•hd.t;. \'.:!1 tli•_ Jil'\l dc\d<Jpill<..nt 
' l . 1 ' • . . • l ' ' r 1 e r 1 . 
Lo. e 111 ti_L !l 1 1' '1 L/ ~ -..L!ILlDJC! i ll' t!'l:( l('tl 1,-.. \•, t l·: Jllt)tl_f h 111\tiglfl.tl 

el~ 11 '!..'' ;\ · ·: .. ··.,,-,·,, \\<.: ,,,11 con·.,ckr thc Pi<'•'· 1. 1, ·._l.,l·-·1 hy(lt fí'111 .111d 
l'IJ.,I¡;:•.: · :! t' ·- 1!,,. •_r· • .t; of North Co~r.•IIIJ • ·1:11 •. ,_l_lllilil "h,t,cd 011 ,t 
l'·'í·-' : ... f ;, :·lo! ,, ·' \'.\t·,-. (1963) \•.hilh '11111intrlt·., "' )<'.tr-. 11ut!- on thc 
~-·~, 'JC•_ t 

1 ¡,,. il" 

.. ,,, ''. 
~-! 1 ~··:!.1,¡::._: L'~t:rei~c it~<'lf 1'> 1'1 <'e<,¡, 1 l•) "" :11-•.',tlg')t••)ll 11f th<.: 

l ' . 
' 1 ,,,_ 111<' .t tmpnrt.tn! 111 r•. ,¡..f,·:l\1,! ,!, ,,_¡, {'!1'• 111 S<:\1'11 \lftlllg 

indt:pt:ndcnt vari.tbks cn•.:rged frorn tlliS .uuly~i,, thrce of th.: 'fir--;t r.utk', 
fou r of th..: 'sc<.ond •. Thcy \';ero.:. 

F11St r,tnk: 
m.llglltall.!nd nnt in use 
accc~,,hdity to \\C>Ik .tl<.:,ts 
J.::.ses~cd v.due. 

SeconJ r.1nk 
ti avd dista nce to nc.t rc~t major strcc.t. 
d!st.tncc to nc<~rc~t a\,!II.Jbk clc,mcnt.uy ~chuol 
re:.identi,tl amcnity . 
a·vailabtlity Of SC\\Ctage 

Thesc factor::. were idcnttfieJ by a mult1ple r.::grcssion an.tlysls, pre~umably 
wtth 'new residenti.tl de\elopmcnt' as the dependen! vanable Part1cuhr 
attent1on was p<11d to thc t1mc scquc1tCc of dc\ck)pment In thc eo1nphcttcd 
dcc1sion-makmg sec¡ucncc whid1 gc:lcr.il<.:S dcvelópmcnt, c..:1 ta111 'prmung' 
oper.ttions wcrc tdcnttflcr! \\ htch wcrc of p.tíltcul.tr stgl1tfic.mce 

For thc opcr.1tion of the modc! lts_;lf thc study arc:1 is Ol\ tdcd into zones; 
in thts c,Jsc a squ.trc grid was u~ed in which tone ~1/<.: \\,tS .. 1 mere 13 acres 
For each zone, an att1 .t<.tivcne's i11-dcx \\'.lS c.tlculatcd usi.flg thc f~t_ctors 

dc~cribcd carlicr Thc tut:II .tnwunt of dc·.cloprm:nt to be distnbutcJ is 
assumcd given for ~.tch timt: pe1 1od Dn~.:l~1pmcnt ts then :11loutcJ to 
zoncs (111 fact to fr,lClll)ll~ of wnc') mtng .1 r,!ndom 11\llltl··t:r gcn~.:r,ttor b1.tscd 
so as to pre::.crve thc .tttrac!l\clll''-~ d1~tr tbutton Thc attractivcnc:--~ indic~.:s 
are tl,cn rec.I!cul.ttcd for thc IIC\t lime period Attr.UÍ\Cill'"S is cnrrc~pond­
ingLy 1ncrca-;cd 1f pri111ing op..:r.tltoll'> h.tvc bct:n urned out Thc prcdtction 
ofthe llk..:ly p.ttiL'fll of resldcnt1al de\clnpll~l·nt in thL· ~tudy arc.t 1:. th..:n m.1dc 
by Ltkll;g·thc avcr.t¡,;c of ,\ J,¡rgc lllllllh<.:r ,1f 'Hl1lil.t!i"'l n•ns 

10.8. ('0,\11'.\HJSON OF "lilE Dll·H IU."\ 1 Ai'I'I{O \CIIFS TO 
IHSIDI-.i\ 1 L\L LOCA 110.--.; \IOIJ!-1 1 1'\(;: CO:\CI liJ)['\¡G 
C0\1\IEi'i IS A·'\D SO\IF 1'\ ll'l.l~ \ 110~ 

\Ve h,I\C di,Cli,,L'd a 1:111¡;c oftL'Lhllo<jdl'' fur ICSidlnli,d ltK.tlillllllll.lcklllllg 
and 1!1~ 1\<)\\ \\illlll>lhile [L) l<'llllllll'llt ,111..! (ll C\I'J<.lfC the r..:J.ttiUII'l bcl\IL'L'n 
tht:m 

Th..: ,p.tti.t! lllki.tcll<>n 111ll•!cJ, h.t\L'·Lk\cln¡'L·d ftülll ,t ~1111pk h)p•ll:Jv.i-; 
th.tt \I'<H!...:r~ I<JL.ll•.d in .t gt.l\ 11)-llkc \\.t) .trt~un,l '-'''rl...-rl.tL•:', to ,,,mdlilll~', 
\lhldt llt•:PrrM.tt•_, .t ~..un,:d~.:, 1hk ~.k:_:1· .. ·,_. •>f d.·.i, ,b!c l!...-t.;d lndL...-.1, in ir:, 
llhh! dt,.tt_'l_'rcg.ttvl fn1111, ,h dht.ll\,,·d o~h<l<C, it 1~ ,l!lli<hl llll\k.l,l¡¡¡g lü L.dl 
the mcdd a -.p.ttl.d intl·r.!dl<lfl m\.•, k! \\h 11 1! ,t<.!ll tll; d"..:' ~~ to ,¡,·o~gn 

h<lii~L'rc>ld., by t¡p•: l•J lt•l'l'<.:' h_:. l) ;'•'. t.~~ 111g lllt<l .ILCI'lllll.tilll<;,< url,, r rlllng,, 
th.: h<'U'<.:·\\lHkrll•.c· Í11k1 idl<'ll ,\L~I"':,,~~ 1<> tl·c p.¡l,lll1L!•.r \.tltiL>, tite 
'othLr !h1111,;'' ITl.l) be III<He 1111{'<11 t.llll th.111 th•. llll<'l 1< 11<'11, 1! l\ ,Í fll,lltLf uf 



1:111 ¡': 1 ;l ,¡1 te~ r. 1 t m.ry be l:--d kr, tllc a, t o c.dl 1 h: 11 '• ·dd .1 rt".lll• ·:lf llll 11' ;1:;n •l!t'nt 

n!".Í. !, tlto)t:~·h 0.:\pericnco.: \\tlh tilo.: '¿!r;t'.:l~ mo•·:~·!· ~hoJ'.'.~ tl•.ttth..: h•\tOrictl 
:1.1n;~· ;s '.!·-·: !ily pit:·_ ·Í C\·.·1 .. 11l':l' ¡he ¡¡¡,·,!0:: ·;, ¡•·.;¡.,;,~i'..;d dilf.:r,:nlly. 
P..:rh 1¡-'' tl•c 'lhJ\t rmpod.t.il fe itur.· df th•: :n:.••l• 1 :, t11 •t it .~::·~nl¡'l<; to m.tkc 
th·~ ll'o'•\r, p1o:diLtron~ m.1xnn.:!!:. ~.-._,,l~l,kPt 1,:th k;:o.o.:l cr .1'sun1cJ 

t:\l·,,,,.lll'tHI .tnJ m this tc:->;x:ct 11 ¡., u~~.'11l to :td:Jo)\\l..:J:;o:: its entropy 
m.I\J:ill!ll1g or1~111S Th1s i~ onc: of !ts grc.lt Sliul:;th., rcl.1ti\c to the cc~_,no­
m.·t,;•: modc!s \\hKh typ-.:.tlly fnlloJW an,:l;·.c~ in CCuPomic thc~_,ry. In this 
11.'>¡'•-lt 1! i~ inte1c~ting to 1.11-.c thc .trgc~n>l·nt .1 ~t.1:;c: fUI tha .1nd .t>k whcthcr 
th·: 1n"d :l in ,\11} ~en se C(lntr,¡J;cts the anal)''-' of c~·•inumtc thcorists. Thcre 
is ~Oil'o~ inJication th.tt :t docsnot Tbe C'>llnJ.t•cs of:h.: modd c.m be vic\•,cd 
a-,~~ tl;•t•c:ll ,1\Cr.tgc::. ovcr thc bchav!Ctur of mdi\tdual houscholds sccking 
1<'~_;11,(',1~ Tl,.:rc sccms to be no inht:lcnt rc-,t~on \\1¡¡ c.tch on.: shou(J 1\llt be 
m,t .. !f:llli;,s :1 uttlity function. Thc .1-,::.i~nm..:nr n;c..::,,!nÍ,n1 of thc model can 
lho~.l ht: inl<'• ptctcd a.;; th.:: modc!'s m.u~ct-clc.lrÍn:J m·:dl,H1Í'Ill fn thc m.tin 
nw:.J, 1 ,:r¡tr.ltic•n~. ->upply-s•dc \JI iahl..:~ 11~ ilt11l !he pri(c"> p~ appc:tr cxplicitly. 
\Ve 1ndi:...:tcd ho·.\ thc mo,!·~l could h: d"'cd b; dL~.f·n,; an cq~t;ttion \~hich 
\\vul.! c.stnn.ltc p~. lt wouiJ be pu>~ibk lo .:\pÍ<'rc ,¡'.;:riel) of form~ of th1s 
cqu l!l•'IJ, includin~ ot:~ \•.hich rcfkct:_:d llll'.t~ul( .. ~ o:--f \1-:rnand prcssurc'. \Ve 
could .d~o dc\clop a supply-s1de t!l<'dcl f,,r thc lf~, (:or,¡( or incrcmcnt.d, 
pn:fc1.thl} the lattcr of COtrr~c) ll11, ,;!1 flPrfnr.._.:, tl·~· lf1!...f~'rclo~ti<,.f1 of the 
mod·;l ¡-; an :l~::.i~nrncnt mod~l r..:prc•,cnting a marLt-dc.:ring opaat:on It 
ha:, on•: .,uh::.Ltnti,¡( adv:-nt,t¿c O\cr thc thu"l l!C•.>P<.'m:,t's modd in this 
r<.:..,J'u .. t ~--1mc \'.C c.tn choo,~ wh.tk"vcr m<·ch.tn¡-.rn \\o~ l¡k.; fo~ c~!ÍI!l.l!Íng (or, 
fur L\ IIP¡:k:, L!.:tCf!lllllÍilg frO!ll ,¡ pl,rliillllg pnl!Lj) lf:. artd lliUt:cd ('~, lll;l­

Ch!rll.l} •.Jlhcr th.tn pcrfcd prÍ\:IIC Hl.llkct lilu .. h.¡pi,~•~ C.tn be 111\C~IÍgatcd 
\V._ <.hoJ'i!d ,(].,,, iCill.tll-.. :!ut thc <;¡•.t!Ld lllkr.! •. li 1 :1 ,_.:·del i-; L',l>Íly cxknd-

. -.th!,~- \Ve ha\<.: •;c._n hm•, tite Ji:;.:~'i:!'cg.tt•:d modd \\,•• r:.:·.d.-,¡,..:J from 3 \ery 
nl'lL l¡ ,¡¡-,¡pJ.:r .t n.J k.,\ r..::dj.,¡¡c nnc \V~th ti!..:' llllo~ .: , ,.__ eiTc.~h'of rncdn n j,m::. 

\\ht•.h .... 1c cnn,itkrcd i1nrnrt.tnl c•11rhl b..: irr·.•'f!'c''·'··:d For C\amp!e, w•.:""­
ltl.:_:l,¡ •.• .. tt:! to htodd lll oi'X<:>S tu ,;,.hn\Jb .tl'd ~h '1''· .:no! [o) inLOI plll.llc ,m 
lr:L! , nf i 1 

• .. tr q¡, tlit)' (Or '·'-C mi;;!¡:~ •.. ,,,~.!..:! ti• ti ti·; .. : df,·ch h:td .llr~:.tdy 
h, .. 'l i,:.': ¡ o'l.oko! thrn.t:gh thc f>~') f'.¡tr.:l!:. ,r <• . .: • .... ·¡ .o!,:pt¡fy hou~t'IH•IJ 
bt:~ .,·.·~· 1

' ~l!t..h :·, j)r•O:<~illt'd by l~l'tid-l"LII(li 111, :J. •:-; ',',hÍt...!t i' i • '''"-: ~ 'nf 

'.'.!t!: ¡:.,.: ,J)J\dt'Í. :Ji.·n J{ "-!:t•U!d i-'t: pp~, ,:hk: to '- \: _ :d ,~.~ .ttli<.:Iid lt. 

'\.1 
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'J 

,1', 
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,,1 

'J 

\: :'· •1' '11 11•·, 11 ~f,If IO..:Illll¡' fL' th< .. 'J"·" 1 ::.';• .:,,_,,¡ llH'·kJ \',Í!h t!JC 

1 

·' 1 lll 1•. 

!·. ·r;:l\'~" ii:llningrilt'd·..:l fL·:'í'·''' ,:·:·._ ~!\"nP't.~'~t.:l~-.tinLlh:-~ 
,,.-,,~ .. llllllllitgil~<"ki ·1,:"(.\h• ,,·no• · '.!,,., .. _o:i\,!hl~ f'L t.rhcn 

1 ;, ! : : po •!1:~ lo> llfilo: io, tlt.1t llr ::·,· f.í' •¡•· · · _; ¡!,.~r•. \0• dl unly b..: .¡~ 

'r•> ·¡,:·, ·" th..:ro: ar<.: ~.o¡¡ .:1 11:::. ·1 i:.~ ,·.!f.:¡ l •:1~cnl.tltltL•H..:rn 
_· :rt"r''l'~ .tr.d :~, ~f ~.;:) .. :~::.' !: t: !{ -.. f11}:,2J -.' ... 1, r~f""·,rii,g 

1 

1! , .• ~,r~"·: ' .. lhcn.: ¡...,no Ll{•· ........ r~ t' 1!., t .. _ •• ~l\h ¡.., pr~:\~t~cnt in 

' . 
' 1 

1 '•, ,, ,' '•,, :;¡; ... :I..!!O!l'. lhh !1:• .. 111-.. t!J ,•-- ¡,·:~., ¡ ·:··J•¡ (,llld fl<h,l!•!y 1) 
' 

rcpi..:~ult 1-:ry (ln,Jy d<:flncd g~<HI{'', !he {.[> r¡¡<1dd io; U!lliJ....:Iy !O r~fkd thc 
full v.trid} of .tctu.tl bch.tvluur. In tht., <.en~..:. in particul.tr, iris po:-.~ibk !h,tl 
the ~p.11ial interac!ion modd is more sati,f.rctoty. 1 his dnc> le.ttl to th.:.' 
mtclc'>ting tlh>ught th.tl it would be pü>'>lbl.: to J..:·;c]op .ul a'::.•gn¡ncnt ll1<1d• 1 
v..:r~l<J'l (t!ll~ tnno.: !t ·.\Otdd l:c ¡¡¡,,.lc,!dmg tü ctll it .~ 'Jb!ial Íi~kr.tc!i<Hl l!l')dcll 
uf thc l k1 bc1 t--Stc\t:ns tllüdd ·.vhi<-h '.\ uttld ovctcun:c th1s dtllit.ulty Suppo~,; 
wc mtc!pictcJ cqu,l!IO!l<; (10.107)- (10.109) as con:,lramts .l!td dcrm:d thc 
:tppropti.:te entropy maximi..:111g modcl. This would ~ive (ami note the 
·~xpcctcd c;;gn of ¡1, as Z is b~ing 'ma\lmi..:cd') 

T~" = A" P" e- p,.•· e"t~>""- v.'"l 
1 

(HU lO) 

and 

(!0.111) 

to cnsu1c rh.1t constraint ( tn J()Cl) wao; .;;,ni,ficd, and ,fJ, .mJ JI wouiJ oc 
c;::ir.ul.ltcd rrnrr 

anrl 

L L ~ t•,.r• P" e- P,s'" e'''b""- P~"J = L, 
k " 

L 2~ L .A" P" e- fi," "¡;l•lr " - P~"l = z 
i 1( n 

('\O 1 1 2j 

{ 10.11.\) 

to ensure tho~t cünSI!.IInt~ (10 tOS) anJ (10.107) r..:-,p~dively \\<.:!<.: ~.1ti~licd. 
A •. [1, aml¡t would hol\..: to oc c.duil.• kd 1l<.:t.1 ti\'d:;-· .• mal ,ub-tt~ r.t t ¡,)¡¡s '.\ ot_rld 
be ilLctkJ to ~oh.: thc cqu.l!inn::. f,.lr [J, aml¡t P¡c.um,thly /' cou!d be •11· 
crc.~>cd unt:l 1h up¡•.:t lit:ll! \\,l~ rl'.!lhcd ·\s .t Ctll 1j•:Llllrc, \\C culd.f >111.'1'0~<.: 
th,tt tlw; i~ achlc\cd by ktt:ng Jl temi !t) snlil<.: 111111!. ·¡hu>, th..: .I"Í);;rllncnt 
model p1Í1t• .. ipk m.ty pro"vide .m ,!lteln.tlt\<: to tho: lkibclt Stc\lll~ m,,d,:l 
\\hrch h.~~ an .1pprt'pti.trcly rc.il1.,ti<.: 'blul!lllg' (nr li.ttn-..'s 'cr'"' h.nd1ns) 
111 it~ p1cJi• lrPll'i. Tht~ di ... cu.,-.,¡nn 1~ taJ..u1 ,..;•.cr,t! \kP" fut thcr 111 So..r1r•'r .tPo! 
\V dson ( l'J7 3). 

Thc -;p.ilt.d intLr.ILiin,¡ moJel ahu cn:!llC<-h to th~ ,jnud.tli<lll pr!i;cipk 
[,~cllli.:!ly, 111 ,¡ 'ÍII!ld.rt:oi11lifllkl, \\C 'l<.:t'd tj1c pr<lll.ll,:llty, •1, '·l).of,,)fl1u'llo: 

loc.ttl!l~~ 111 :tOilC 1 In thc ,¡n1rk•l •.p.!l: d !lloO.:!.I<.Ii<'ll lli\Hkl. •>!tln.:trn:s T,1, 

\\e ..:ould t.thc 

rr, "'"' T,./ r •• (10 111) 

\\1:..:•<.: th·: a~tcth~.\ ,1\ u'11 d r•:p¡,·-,l•lt .;un~:n.dÍ•>n Thc dcllllt!!on unJ!,(Ix 
~·¡¡JI, 1:1· !:,·d 111 \ lf:"u~ \\,t\·. ~'\ d: tt•_:r,··-· tll"!l ~~~!<:. ho\\o_\,·r;th-tl J'·Hii<ll· 
Ll:- L.~r.~ •¡11l't he t.tt.~._'n 11, ... Í¡~ 1 li~L.uhh-bt.:t~~ ,·~ n tllt...' !'r""!·'.lh.IIrll'"' tlf h~ 1ll'-·.·h, d~t-.. 



• 
~~·: 1 hf ...,,_.,, d ()"'''""'"'"uf \di' ,ri:s 

k• .1!111!_! 111 a ;one <~nJ ~f 11<.:\1' ho11-;111g stock be·ng ,1Y·Ígncd toa ;on~. The 
'illitd,1tÍ\'11 modd C\.!mplc gl\..:11 carl1~r W.t:. conn:rned \\'lth thc SCCllml, 
.1nd th..: ll'~ •A thc sp.tti.tl lll!<.'I.!CIIufl moJel in thc lll.tnncr Sli!!C:L~tcd ahovc 
,\,•u'd be mu,t '-llll.1blc for thc tir:.t ~~ 

In gellL'Ltl, thcn. \\e favour thc sp<~tial inkr:H:tion mndcl (perh.tps more 
pr¡_lj'c'llyL,liJcd':t (¡ousehoiJ ,b;;Íg11Pl•2:11 !llüdel),lS thc il10~l ncx1hle .llld gcncr,lJ 
of the ll1L'dcb prcscntcd, thut.~h clc.uly 11 should be conncckd .1'> ci<)Scly.as 
pc1,,,¡,;'-' lo a b.\"is 111 llliCr<l-.ln,tl;~ls Thc Jlgi!Plcnt~ of Senior .tnd Wdson 
(l <J 7_\), b.t_-;cd on de'. clopmen ts of the en tropy-m:n Íllllllllg ver:. Ion of the 
llc1 h:rt-St..:vcns modcl, su~gc~t that clo~c l111ks e~ re po-.siblc Wc should, 
htl\,él•:r, note one of Ils d1~.1chant.tg~s (p<~rticuLlrl} rcl.1tive to thc ccono­
mc·i.IC 1nud,;l) It lS often very d1fficult to cstfm,l!e thc par.llnctcrs of the 
nHHI..:!, .!nd ncn whcn mcthods can be found, thcy knd to use much computcr 
111,-.: \!uch 110rk ll.ts bce11 done in this ficld rec·~ntly, tl1ough, and 11<.: shall 
~_,: ·•n to thc topic in Chapkr P 

10.9. G'l!llZ,\110~ OF SE!nrCFS· Rc\c:;¡r HYPO'IIIF"-:F'\ 

In ti'" 'Llllu!l, we con-;1Jcr how pcoplc utlll7•: a gh <'11 d1~tnburion of 
s .. n .ces 1 IJ,¡t ~~. 11c are m.tkin;; an ,J<>5t11nption an.t!or•)IJ<; ro th.lt 111 .1n 
carl1,:r di,CU~,ion of rc,ldcnti.JJJ,,c,ttinn, that wc can n10dd wh,Jt ¡xoplc do 
ap,trt fJUill tl'e t.1sk of modclling housing ~upply, <;a'viCt:'\ .1nd so on 

The lérm 'scnices' CO\Cr~ a w1dc \,ll_lety of .tClivÍII<.:\ W..: ~h.dl be con­
ccrn•:d \'.lth fl\t: llldtn c.ttczor;c~ · rélatl, pcr~ondl, cJuL.Jllon.tl, hc,dth and 
rcLrc.tllo)t!,d ,enicc'i f3ro:~dly SP<'<tkf,¡g, ~datl 'cnicc'i .tre conCCint:d \'vlth al! 
sbo¡)l''llg. pLr,nn.d serv1ce~ Wlth such thing-, as banl,-, and ~olicitors, 
cdw_ .. !li<li! 111.1111ly \\ith ~chuob, but .tlso othcr c~tahlhhillclll'>, hc.tlrh 
\IIth ,lnctur-.. hc·.dth centre~ and ho~pital<>, rCLfL'.Itilln wlth ,¡nytl11ng 
fr,· .. ,¡ '-ll¡•.'riLI' .litd d.11llC h,tlh to open sp.tcc 1 hc·r..: .11c. of cour-,..:. m.tlly 
p•H<::, .,f ¡1,:¡ •d ,_.,h,ch :11c hc·in~ ncglc..:ied Jn \\L trc.tl b.trher., :tllllt:'>l.tlc 
,l~·e:JI· .. :· .. :¡, ·r~ ur (JL'I ,o11 •1 'en I<'CS, for L.\alnr!c'' B'lt th1' n,_._:,l¡¡,,¡ L'<'l1'-c'lll 
ll' for :he p1e-L'ill anJ. we ;h;umc th.!t '>tllllé ~11i1.1h:., cl.l• .. ¡f;L,illt>ll J¡,¡o; 
l··:c'll 111 .<k 

l'•_l IJ .' / • > • •i 'L "f tllc 111.1111 d :~t IIICI iOib Wll'Lh L.l !1 he· d 1 ,¡ \', 11 J'L'l \\ Ct'l1 d ltfcro.:lll 
t: ¡ - ' "f ' ' ll ') ,.. t k: 1 l e 1 JI 11 i t_lll u r o 1 ,, l' í'.'. 1 ·- "r t h '- 1 r !J 'l' '1 ! ll_' 11 'e (' f /11 () 0) 1 
! .. •; , ;· ., , i <:r ·''-L~ .1nd rccn::tlior, ti '•el'·'' e'> 1'> n••t 1c._:1rl··Ld 1'' •'pk 

.11< ~~·-- ¡,, .::·T ,d•L:..: t:.~·y dwo~c llcw . ..:1•:r, .1• ,_,,In ''-ll<•nl~ .1nd lic.dth 
v 1' 11•_. :· :' : .. :'1 l'lltly r•:!_'tll:ttcd \'.',: :-..h.dl b: L"• ,_, r¡,, ·l111 'l:lly 1\1th un­
r' .,; ·i· ~~ ._.' f'' '1 ([hc¡t~:;h. ~l") \\C ~h.:IJ ',(_·~:.".e rn tj he L''ll,tl.l!llld by a 

,¡• ,,f ;':: -' ,J!Id .!L'L-e''> CO!hi,kt.'\1• •11 •) ( }¡¡; {lf• d1l•.lll of nl11tkli111g 
!", · 1 

: :.,,, ,, "11 111 rc:_;I'Lttt:d '>;'>kllh-h .111 11'1¡'1 ·1 t "'t '.r1c ,, p1 <>hkn1 lo 
', ,_:¡ 1 ', 1r: l: ,,f,¡¡.·r . .tl<ll!,tl re,, lf•_J¡ kchili<('•'-• ¡-, ur:,_n lf'l''"f'ri.tk .1nd 

', 11 , _' , [<l 1( ffiJIIl (Ífflé (O (IIIIC 

For un¡egui.Jtcd scn·icc~ we rn.1y, then, a•..:,umc that pcoplc .trc intcrc">tt:d 
m ~atisf.ll!IOil (or ,¡tll,tl!Jv<.:n..:~:-.) 111 rdat10n to accn-; and m.tkc the1r uttli7a­
tion dcci>Jons acc<)fdl,lgly. For rcgui.Jtcd s..:rv!ccs thc ~.llllé con,ide1atinn~; 

apply, but th: uttlltdtion dccÍSIOil i~ nJ,¡dc by the re:;ul.lting ,tllthunt) through 
its r..:gubtlons Clc..trly, in thc ca'..: of unregulatcd savic..:~, \\C h.1vc ,¡ ~p.t!lal 

intcr.tllion probkm W..: comidcr thc spatial interactionllloJcl appro.tch in 
thc next 5cct1on JnJ thcn d lll1111bcr of altcm;¡tives in Scctton 10 1 l. 

10.10. SPATIAL li\'-1 EI~ACTfO;'-í MODELS OF TIIE 
UTIUZXfiO:'J OF SEIH'ICES 

The introduct1on to this scction can be vcry brief since thc reader wtll 
alre.Jdy be farlllli,lr with thc sp.tt1al intcr:1ction modd for ,:10pping, whiLh 
was uscd ,1s a tirst cx;tmplc of a modcl rn Chaptcr ~- Th1s \\,JS a modcl of thc 
form 

'Vhere 

to emure thc.t 

A, 

L S,,= e,P, 
J 

(10.114) 

(10 115) 

(10.116) 

In this modcl s,, IS thc nuw of rel,td CXjléiJ<Iitur<.: frtJill rc~identi.tl 7t11le i to 
shopp1ng ;on~ j, e,rs ITK".lll C\pcnd1turc per ho.:ad in i'on..: '· f',ts thc pi1pul:ttion 
of 7onc 1, H~ rs t he ;¡ 11 r.1d 1 vcne<s of ~hnp~ 111 j. t ,, is th..: co·.t of t r.t \el fr,)m 1 to 
J, and fJ 15 ,¡ par.tmctcr W..: need nut rcpc.1t thc jthttfiutlon 0f !111~ moJel 
here but, bclow, \\e w!ll ~L'I it in Jts propcr 1!1'-.!ulit..d cnnlt.:\1 .111d Ci'rl'l<kr 
v:~riouo; \\.!]'> of dc1l'lnpinG it fu¡ thcr \Ve can lt<'lc th.il, gLnn.ill] for un­
rcgul.t!ed SCr\il'é\, \le llll);ht C\pcLI thc no\•.·, lo •.,¡~j~fy ,l ~111gly COII,(f,l!ilc'd 
~p.i!l,tl intclalli<Hl 111U<I._I uf the form 

) "'' ·1 O 1 V e - p, '' 
• IJ ~ 1 1 J 

( 1 () 117) 

whnt: 

(lO I_LX) 

\~hcr<.: O, 1~ tll': dc'ill 1nd f<~r tht: ~·-n Íc•: g<'l1< Lilcd hy rc-.¡d..:nh tlf /olilC 1, .tnd 
th..: otltcr lcrttt~ 1re the ·'I'Jl'"i" 1.11<' .111 ¡J,)o;"" nf tite 'h''J'J'IIlg ~l!ll.lll\lll f111 

thc ''-'t IJ<.c' 11n•kr cn11.fd• l.ltl<'ll. 



\\'..: ..:.tn 1~ow proccu: .1:. fllil<l '·" '.\'e ._.,di bcgin '.\ ttlt .t dt.''-""'un of tlt:: 
r~·r.ul nlL•tkl, fir::.i ~cllmg :t 111 j¡, ilio;ft•l i,:.d ennr•:'<!. rl¡.;n ·7p:•\i·kriP~ ~'-'!'t<: 
.. l'":l"'CLtrc...~t: B~..?(!Sllt•·p "•', ~~; ~~ 7.·_: ,~.; ~!:hi ..;~)~l\·~ ft~,~1 1 t: d~~\t:füplllLi~lS 

A S~·:l!i.\1 inl~taLliL)n ntndd \\,h flr,t ·.:· .. :d m th.: ~.11:..!:: of ~d~1r!:ng by Rully 
(11.)31) Tl1 bl! more prc<..i\c, '·~'.t!I.tltnt:·;.tcti•Jil h~pnihc,c:, V•O:It: ll'<.:d b-. 
Rc::l_. to d..:l11n;t r~t.1i! mar~d tr• .. l5 [k .h,u:ncd th:"ti:J. crty i .ltlr.tLkd p~..u~.l;: 
lo ;r' slwp.; 111 íd,tlil)'l k·,, f.KII)r P,¡':!,, '>\he: e d, wa~ thc Ji:.l:-.n..:c- b.:t·.\ecn ¡],,~ 

pe. '•)11 .¡nd !Le crty, ,wJ P, th..: ctty's p\'¡Jiil:lt!on Thcn. f0r a pason fac..:d 
\\lth the_ dwicc of t\~O c!!ic:. (\;h;•:h might be t\>O of our 7011<.:'>), if 
P, d, > P)d

1
, th:: pcr,on !s in !he n:.tr b:t arc.1 of i. Ckarl). thi" proccss 

d~·l;mits non-o\crlc!ppi1:g rn.uk<..·t Jr<.:.t'> and th<.:¡t:fvlc Rcil:y's work does 
no: rt:j)rt::.cnt .t sp.tti.d intcr;\ction modc:i 111 our scn~c. If Rcilly hJd 
in:c¡¡Jr,:<..:J !11~ hypothc~isjust ~lightly ddTL·rcntly, rhat PJd, rep¡csentcJ t!Íe 
pro/::.:.'•di!)' of rhe pcrson gt)ing lo i, tl1cn tltis wou!J lc.td to a flow mod~l 
oi th..: fl,rm 

S,= K~!_ 
d, 

(lO 119) 

\\hctc Pis !he lllllllbcr of p.~opk at the lot·ation of the original popul;!lion. 
7\forc :;cncrally, \\C could wtite 

{1012()) 

"'"1:_; .1•1 ob'. iou> notati0n, ~' :111 UP•~umtr<~illcd sp.1!i.tl interaction motkl 
So tl!..: id.~" ,,f :1 ~p.tti d in:er.tdHHI ·m·J<.kl 1\ tm¡.!ictt in R·~dly ·~ 1.-ork, thou'gh 
!1~ ~~~~.d !h.: conccpt.; to udmJÍl non-ovcri.I['Fillg tn.tr~ct are.1~ (\\'hen tllnc 
<~re ii'<J,c th.tn t11~ c~til'~, oiht.:r prnhkn•\ v.itlt R.:illy':, ft,rrnul.l do g1vc Ji'>..: 
lü ~(": . ..: L•ll'rL,p in m.trket <~fC:t'\, >e<.: l fulf. !!)6-t.) Rull} \ \\Ork \I.IS fllllht:r 
d-:1.::-:¡)L'cl ,:mi rdin..:d hy C'onll'f'.•: (1').~')), th1111:_;h thc ba~ic ltmr'ati<)fl~ 
rcrr.•,ncd 

,\ltl·"'''-'" .n.tny pr:opk \lulkL·<I (>ll "l'·t!i d Hlkr.lctrnn nwtkl.., 111 lhc ned 
l\\O •'· L ·d··, (,<l!d tlt•: t.:~~rly tr.tn'l'l'II '<IL!•r¡,., nfÍÍ•..: 1 1)~1\, inlhc U S¡\ lllll~t 
1'.:1•: '····~--d .rt ~h<1pptl~ trir-.). no-plllt,;'fc., \\.1> m.Hic \\ilh ro:t.rilmotkh 
un:,!¡!,:: \l••r'·. of ll11lf (1')(,~. I<J(,t) In tetJ•J, ,,f ,,ur ..:.uli..:r il<•t.tlion, lluiT 
p;,) t' ._ l r l: ~ r 

Ir .- n 
/ IJ 

)'JI', n 
'--} 1 •J 

{ 1 () 1 ~ 1) 

; ·p.· · .... '•.i'·- pr••h.thtllt) th.tt .1 rl'.:d. "' ,,r, .,,,,tf.¡ ,!¡,,p inj. 1\hc1e H~ \\.1> 
'' 'l.~\I'~~II1L! L,::Hr.,:- '-!1·~·, rn ·..._!L,~~ ~! _ l f, r ,l ~.,.J.tv.., pf ~und-.. pfHJ" .. 

¡, •, · :: 1{ ~~~~ l!lnlft:f \\.\'") 1J\, ,f ":t• ,, •l.'tt..!:. f.,,. •! ;r: •~,_¡'i ljJ'r...' ,)f b'HH.!) .!Z d-

(10.122) 

wh.:r¡; C, i·, !h<.. lllllli!Xr L•Í Ct~f,,llfl'l r:-. .11 i. i\J.ul.:ct ,tp:,t•, \\t:IC thc.:n C.:XPie~~.:J 
tn ter m~ of !ll Jh,thiltty cu:¡t,)UI \ thi:i::, ( iO 1 ~ l) . 

LJk·,!rm.m.l'l ami l!m.,cn ( 1965). \\C•I :,.;ng tndcp~..ndcntl), lh•:d .1 tr.tllie 
moJel I!IUJ!lled to tn.\kc it singly .:or~.;tr.1 in-:d, to pt ct!ult: thc rn,•lkl whiLh 
we h.nc bccn usmg as an \!\,t,npk: ami which \\.1-; prco;cnt-:d .ts C.:4li<~tions 
( 10 l 14) and ( 10. I 15) abo ve. Thc rcaJcr can casdy check rh.tt \\ ith Cllnsistc'lt 
dditnt!on-; (•fthe vari.1hlc-;, the nwdcls of 1 [ufTar;.l La!..~hllt.t;1an and 1 Ll\Jscn 
are cqul\ .. aknt It rs .w inicrt:'>l111g pornt m rclattun to the n.ttur..: of scrcntrfk 
discovcry tha 1 the :,a me lli<)Ud cou ld be den v..:d from s11eh d t!T..:r<.:;Jt view 
points. 

LOI'<IY (19M), aga1n \\orking inder.:nJently, aJs,, 'J~..:d a -;p.ttial intcractíon 
modcl As ncarly a-, pos>Iblc in our nut.tlion, 1t can be \Hittcn 

Sk p -n~ 
IJ =: g ,c,J ( 10 123\ 

\\ hcre s~J is thc no\\ for se~! O~"· P, !S t hc pt>pUI.lt ,, •: ¡ pf 1' r: J en 't •oc j !llC!\1 111 j, 
s; IS tot,d actil Ity lll j, g and ¡,A ar-:: C<)ll'.(.lllh .llhlll¡, i~ ,¡ p.l!.lltlCtcr As\'. ith 
LO\H)' 's rc~tdcnl i,¡f loc • .t 't''l mude!, thc fi 1 )t C' ¡u.t 1 I<Hl r•:pt C'<CiliS a ver y 
pnmt!Ive unco,JStramcd '>p.tlial intcracttL'Il mod..:l \\ 1th no .lltr,¡,_·ti\'C!lC>~ 

factor. As LO\H)' \vJ::. m.unl) inkrc::.tcd tn r<:t.ul 'i·:<:t''' cmpi•J) rncPt gcPcr,ttcd 
by some popul.ttlot, di)trthlltiL1n, P, h1~ unil'> \h'te 'r•~t.ul crn!,l·,)) rncnt in 
sector J, gcncr.ttcd' rhl.! iti!pnrl.!!lt fL•.tlurc of LO\\ 1) \ 11\llt:..:! for tht> t!i~U!S· 

SiOn (oth.:r fc.tturcs 1\tll be -noted in th..: ~Lllion Pll the 1 ,)~\1)' tnudd rn tl1c 
ncxt ch.t¡1lcr) .u .... e, from the ~..:cnnJ L'l{ll,t!rnn .11td thc l<~rm h'f-:

1
, \\ flrch repre­

sento; rt:t.rtl .!Clntty g.•:ne~.tii:J f1orn e111p!,,:.rnl·nt ')¡11cc 1\.: c.111 t:.t"rllly 
observe t.:ntpÍl•.Jcd p ... ·upk -..lh•ppin~ f1um \~otl. 111 !unLh ht>ur' .1nd ~u Pll. it 
~~Cill> '><.:11'-lbk tu iru:ürp<JI,l!e ~udt .1 IL'flll .tnJ 11 ,.., ,fr.tn~c th.rt Ill' \lnrkcr'> 
... im:~ LlH\f} h.nc buthcr·~d tn du S<) ltH\t) .t·.·.u:: ul th.11 onl.J cnt¡•l.•)<.:t.:·· 
\\'úrki,lg in th..: >.llllc' tone .l~ thL· -.ht'Pl'lllt.' t:Llllre -..h"l'l'cd ht:IL' i\ILlfc 
gt:IIL'!.tlly, \\e wu•,lJ <:\pl'..:t .1 'l'·ttt.d inl<:r.lci!<~'l tcrdL \\'e <.:.111 .tl~tl nutc.: th.:t 
:,C\Cf.tl ,JUlhLH.> j¡,l\e lllll thL llll'd..:( '•c'j'.lf.t(.;ly ftlf J¡Jf<..IL'llf l]Jk> of ~uOd. 
lkllLLf,,rfh, 11c \ltll .¡·,un>-: th.tt thto; ·h,ltild h, d''"c 1f P""tldc. httl \\1! \\:11 
nnt b,,rl;:r ¡,) c',lll y !he L'l(lll\,lknt ,,f Ltl'.'·'! ·.., ~ ,ulv --11pt <.:\pl!Litl) .. PI Y 
llll'l~t.:J \\ rtlk'l d,•\',!l jo¡ ftl! :iL'IIlC '()J••: .,f ,_;<l<~tJ' 

,\!tlt<>t!:;h llll:cll \\Prk h.i) hL<.:Il d<>rH: ''" "h"pjlÍII~' llllltkl-.. ·.rm..: tl:c \Citll!\.d 
\H1tl-. nf tl>c .tuth<•r' Jt:f,t :,·d t•) .I'•H<..', 11•' nc·.•. "''l'-•l'lll d hrl ,t thr•'ll,_;'~-. 
h,l\C O<.:l!l .tdliLI':d f).:Jcrutt <l!•_' <•llf'-'\ h,I\C.: h_·Lll lf.t:.J 1 f .JJ,IIPL<.: ,IJl<i 
,Jt{l,tL•iÍIL'I<Ll'<, ¡,,~;,_ti<c_f \\ [1, .l \,tll<.l)' <-'f .ltfLilll •!,,'11 f<i<!< !1<•1\' fftl\\<_'.L'f, .l 

.!un:L,t ,)r p~~.._,,lJk. ftliih,_r-dt ·.~....l"~'~~.~..·ni' t...tn J.,...._ t~~-;l~l~-~..\-pk)r~...d 



üur ~t.trring ptllnt should pahaps b..: a moJd r<.:pl\.>L'IIkd by th..: following 
cqu . .ttnn~ (u~lllg thc tbu.tl, oran obvÍLHI", not.ttion)· 

St = ,11( lp¡¡vt e-P'c,, 
•1 • , e, , 1 

S z _1 !( 1 F. ) ¡,v z - tJ'co 1 
,1 · , t:', ., 1 e 

A,t ~~~ ~V:, 1 e- P'<oJ 

A~ ~~~ vV:,z e -IJ'<•J 

and 

s.1 = ¿s,~ + ¿s~ 
1 

( 10 125) 

(1 0.12()) 

tiO 12"1) 

( 10 128) 

qo 129) 

'[he ~u:'a'>Clipt denotes tlow from ohome'; 2, llow from '..:mploymcnt'; 
¿

1

1 .tnd e,2 now mean c.\pcmhturc per he,:J and p..:r Clllploy<.:c on the appro­
p11.¡to.: rd ul guod~ It sh•1uld not b..: d1niLlllt 111 pnnctpk to tc'it -,uch rnodcls, 
thol,,J 1 tha..: may b...: d,lta dd1icultlc-> Usu.tlly, wc wou!J c-.:pcct to· havc 
[J 2 >~fJ 1 [3 2 mo~y be so lugh th.1t Lowry'<> uiigiJl,d a>~umpt1Dll could h~ 
co1'.,1l1u..:d -,ound, but th:tt I!> .1 matt..:r of crJljJifl<:,d im..:~tlg.ttton EmpiriL.Ii 
tc~t \\ oulJ al~o ~how whc:tha or not H~ 2 could be: t.tkcn tu be: thc: ~.~me:;¡., ~~~-

·¡ ho~ IJCd obViOU5 Jcvc]oplll~'lll ar ISC:~ frvrll ,l COil'>ld<'foiiiUII ofhLh<IVIOUr Íll 

rLI.tllotJ to th..: d1stance krm All thc con'iidcr,uion~ of modc .1nd modc 
.tv,lol.lhil1ty uf Ch.qJtt:r 9 for tr.tnsport llows 111 gencr.tl .1pply to shopp1ng 
tfiJh ·¡¡¡-,_;·\.:are [11.\11)' \\:1)<; in \•.liiLh \IC cuuld d1~,1g::;J<.:g.lt<.: by moJe The 
o;,:liJ'k't ¡~ to ,¡¡Jd a mod<~ 1 ~uperscr 1 pt, J.. :1s in Ch.tptcr 9, tn cq 11.1 t I<Hl'> ( 1 O 125 }­
(lO 12g¡ .111Ll 111clud~ a k-SllliiiiUtlon in cqu.tti011~ (lO 129). llow~vcr, th1s 
c.11:'~~ .~ numbcr of prohlcm<; \V..: \IOU!d ha,c tt> C'lltll,Jit.: '>ll'-h lfll.\1\tlllt'<. as 
l' 1' ,¡p<f ,- 2', an,! thc rnodcl. hl...c thc: ti.I'hJ'r'tt tll<''.l~l l'.llho•tt a pe1o;on-typc 
tcrn1 ·.1 t>rd·l 'llll be ,tbk dt1ectly to t.1!..<.: ;¡vntlllt of c.1r .tv:ltllbillt) ln­
rlll·.~tl'-. th1, llllUld be t.1kcn intv .llLOllllt tllltlU<_~ll 11!1.1! .,,,,lu!:fl,e, 111 dTt·Lt, 
a totp-~1"1 I"IH_!.d 't1l1f mmkl So <;urnc: (,n,J ;:;-r pu">ll-t)pc: '"1''-~'uipt i> 
no.<:,Jcd .o! ,) 1 h1~ Ln1dd ~llilpl;. b..: .Itll!,_d IIP'ILiel, 1f \ll' .tdd thh, to¿_-.c·tL·~r 
•,,,!, .1, ·o,, ,lo: o,u¡;,;r-.o.:IÍ¡lt, \IC' ,Jrc thcn obt.liiiÍitg ltllllt>',cr hy ;l¡_'grcg.lting 
,,., .: .1 1 ,, ,'- tiLii'JLcr ,)f i!ICHI.d ft!.J'- ·¡¡"~ 1111) bt: .111 n¡•]¡t 111 th..:•lry, but 111 

p: IL' 1 •• !JJ•_I( '\!JI r.lft:fy be: (]¡L lLlf.l (1\ :>li~!.IIJI 1( 

·¡ f ,· ¡n :J• f'~" (ll J;.; Lhl'<f lil~.•p¡.J 1 JJI~ 'l'•l[l,d ltlkl.ldllll\lllllt!cf Cfli\C'.'Jl!S !11 
,.¡::o: ._, ,,. , -,llt<~I'd b) nuw b·: d~..1r tu the f(..l<!u ,\ ·.¡o¡._:f) cun·.tr,ttn·,·d 
·¡,JI : o:l 1 ".i•<'IJ 1110dd fu, 1-~1.!) "''d h) :\1<<11°11 ,tn.! K:ll¡ (l'J71l), for 
..: . . ( • ' 1, ) ': 1 1 t! J t J¡ e n () w lJf 1' .1 t ,_ 1\: ' ¡, l ! 1 o "1' ¡ t "' 

l: · . :,tl1) ¡J¡ Ll '>p.tti.tl 11:i,, . .._¡:, 1 ÍI ,,¡, ,!, !l "~'lo'· ;J,,, 1-. \.di h... .q•plil.tb!c 
(1! r ,' o• ,¡ -,r·.:.c: '>)'.iCIIh [ or ,,,,_¡¡ .1 ')'ict'l, thc 11 ._, ¡, 11:1 :11 rcprL'' ,¡tcd 

by thc mndd '.vdl hl.: th..: rcgul.ltÍ<)I1 m..:cli;tnl'>ll1 lfa lovd ,¡utho1ity hlllld'i its 
prÍlll.!IYSchL'lllc;~u th.tt 'nochdd h.h to \\alk more th.tn half.t n11lc toschool', 
and SI) th.tt th~ 'm.trkct .tre.ts' do 11ut ovc¡J,tp, thcn thL:.c ruks rLprc:-,cnt thc 
modd Such C.I'>C'> can h..: t.lcklcd u.! hoc 111 a o.;tr,tightfdl w.~rd m.lllna. Onc 
particul.tr c:<.tlltpk of :~ rcgul.ttcd sy!>tcm 1s worth llllllng, hü\\Cv<.:r. Suppo!>e 
O is thc dcrn.tnd for a scrv1cc in i, and D is thc 'supply'. Thcn T,

1 
m.ty be 

1 • J 

chosen (i e th..: rcgubtions arrangcJ so thJt this happcn~) so th.tt 

¿ T,, =o, (10 130) 

(10.131) 

ami somc obj..:ctivc fundion is optimizerl For ex.unpk, travel cost 

(10.132) 
1 J . 

may be minin,iz..:d Th1s 1s the 'tr,lli'POil.lti,)n problcm' of hn..:.1r program-
inlllg This.m.1y be eonslll'ciccl'a ~pcc1,d c,1sc c1fa sp;1t1al inler.tction moJcl­
doubly constr.1ircd ~nd \\tth p:~r,tnlctcr [3 ·4 co. 

\Ve should note thJt altcrn,ltÍ\<.: p1 incipk~ of~p:1ti.d Jntcr.tctJonnll)ddling, 
and c~pct 1ally tho>c u~ing 'm ter \Cning opportunit1c~· ccnc..:pt'>, could be allll 
have bccn u..:ed fur tho.: 'icnicc \CLIL1f Solllc lntcíc·,ting 1\0rk h.t'> hccn done 
along th~. .. ..: llllC'i, but no fund.uncnt.tlly ncw prc•..:~durcs h.l\c <.:Jil<.:rgl.:d (->ce 
Harns, 196.1, Cordcy-lla;es ami Wd-,on, 1970). 

Fm.dly, \\C should nntc .th.1t wo.: hav..: contcntL·d our~ch..:s wJth writing 
about tot;d l..fv'>s-~cctlon nwdcls o~nd h,i\C not dc\L'lopcd nl.lr<;in..II dynalliÍC 
modcl-> ..:qtmalcnt to th(h,: 1n th..: co1 Le~r•)IHIIng rc·.,,dcn!J.d lnc.1tÍol\ '\cdion 
Thi'i ~h:-.11111pt1un '>ccnh tn be ju,tdicd 111 dTcct, \\C :trc .llglllng th.1t pcoplc 
r...:'>p<)lld f.ml} lJillcJ..ly to ch.1n:_~c> in serviLc o.;ect"r -.upply, .1nd thncft\fC an 
equdthrtlllll ;¡ppro.!Lh 1s Jlhtlficd 

10.11. O 1 lil'!< ,\1'1':\0.\CIIES ·¡O SU{\'1( E L 1 II.IZ.U lO.'\' 
i\IODI-1.1 1'\G 

A lllliJ¡h, r of lJtht:J .1ppr ,l,lcl'•:'> (1) ~L'f\ i'-'· . .,L·cttlr lllt>cklllng .1rc po.,'>lblc. 
l\fclll) nf tlJun 11< "'il\Lillclltf} IL\1<'\\Cd 111 ,¡ f'.:.ill<'fl.J! ÍUllllliiiiC J)~.,lfüp­
llll.llt o:11Le (lllid:·. ,111<'11 (D:,f¡lhli[¡\C Tr.t<!¡·, ¡- J) e' 1'170) "\ '.\Íth IL'>tden­
tl.tl fu,:.ttll>ol. ~!l11 .. ; eLtJII<'JI:I .:-, h.1·,c ,tud1cd tlt..: prl)hkm (f•Jr L"\.llnrk. ~c..: 

Rlctlll, Jf)7()J, but .1~ )l..'! no op-:1 1tir•P.ll 'cconlliiiiL thcory IJlndch" h.II'C hcen 
dcvt:l<>¡'~d 1 h•: 111.1111 .Jire,¡, '11·': .IJ'l'~''·tch to 'J',Iti.d lll!l'r.tdl"ll llll'•.klllllg 
IS h.t-'ccl tlll th: ,:,'!1'-l';'t uf 111.:r~ o.t ,lfL"I._ll.'>ll.dJJ ll•ltl tllt:rl.1pp1ng, .111d ~n111C 
Sllb-·.,ll-t'foth,_ <:<'lr~·.:ph l''·••u.Í!t:d '.\.IIh l<.'llll.d plo~<:<.: ¡J¡,·<>rv Thc ¡, ,¡Jit111g 



•n•:tkl, .. 11.. •· u.dl~ l1Jh.IIÍ,fll.:h11") • i.nply bcc.tu~c 1\'t; !-.:ww th.1! m.tr!;:o.:t :HCIS 

In 0\crl.lp :1ml thcy \\Í:I no: be c,•n .i.bcd any flll ¡¡,,., hcre. l!ü\\ner \H: 

h· .. :!J ,,~,¡,• !Íl.tl ~•lllle l'f !he l''''l·-cpl~ of ce;!(r .:! p!:tú' the•1ry, rwtabl:t tliO,c 
·'' •1'.1.·1·.·! ,.,;¡h thc idc.l of'h1.:r.Ht.h: ',ntc IJlJo.i,-,,_~,l;. é,·,-:flll .ll\d iLih.'n<ll vd 
h:.·: ·•'\.l<' .,;":di; !IIL'''' pn1.ttt:d ir:iv s¡>.tti,d :nt·.:;.tL(t,)n t::uJd.;;, tlwt•"h th~r\! 

"' ·..;~'11\ •lll f<::l'i:Jil \\hy tiJ¡, ,,!hlll!d llll( h..: ¡w~,jbl~. f~ \\O!dd be Ínielt:o;ting to 
·,.·.: .. enLt ,¡ p!.r•_c th.:;,¡¡ y r.:::11 n;;.~P. ,¡;; it atTu.:ts rd.1iling .1ml cthcr s~.:rviccs, 
"· . : ·, '•'·' t r,¡! in t •:rae! lO!l il10l:-:l C'Oih'l.' pt5 i .:::pLtc: :1:; t l·L I~Üfl-0\'CI !,¡ ppio~ lll:t rkct 
1: • t t"o•·:cq)tS htt tho.: othcr m.rin fc.tturc-; bciPs ret.tll<~.:d 1t i~ tcm¡>ting to sd 

tbis ao, <ln t:\~JCISe fur thc rc.1dcr, bt•l pcrhaps 1t is ,¡¡ k<~~t a Ph D.-sizc prob­
k:n' On.::: fil!.d qu.d.fi,:.ltron llllhl be addcJ to thcs·~ 1emarks: thcre m.ty be 
·.on.c -;e¡ ;ice '>Cltors \dm·h \\Otdd pr.l'bably be regul.ltcd onc._, \>vher.: the 
,'l.t; kt~t dr..:·¡~ do_llc>t ovc.ltp, ~\.ld ~nmo.: orhcr tccl>n:qucs m.ty thcn b.: .lppro­
pr• .• t.:, .1s '1•lt:d 111 the prc1 ious s--•:tion 

11.1.1.? !HE SUPJ->LY SIDE 

in rcl.!llllll t_?. tht: discuc;·.icm ofF' ..:.:cdins s.:cr ton~ on thc loe-.1 tion of pc:rson 
.lci!\' t • ..:,, \'.e Jn'l"! now d1~cu~s thc loc.1t1un of thc buddinl!~- and .i~suct:lled. 
f.K,lil IL · 1\ :11Ch pro1 id.: !he mfr.!-.llt:cl ur.; of thc~c .111i1 itic~~ In p.1rticular, \\C 

;~re ¡:Jkrc..,k'd i:t rhc supply 1,f lwu-..•ng, \el vil·:~ <tnd indu~try, thc la~t t·.•u of 
.:hid1 ¡_;1•..: thc ~p.tli<LI dislrtbut:on of job~. · 

?i~'-:tcnt pri11Lipk., .1re t;nolvcd in "'r·ply-~id\: 1nc.J::l1ing With popul;:tion 
.t~t!•lty, b~Jth tot.tl cro-s-s•:ction ami m.trgtn:d mot.kl-; \' . .;re appr•)pnat.! in 
'tldf<:Jt.:ttl c,rcum ... tanc·~<;. MuLh !ongcr time p.;riLlds ;uc a~'iOCI.t!ed \\lth bu:ld­
ing::. .tnJ ~cner.diy it will only makc s.:nc;c to bu:ld rn.ll ~in,d models. Fui thcr­
mor•·, dc...:'iil'l!' .1bout ~urply-~idc unit-; are m:tde ~] ort.!.lnÍJ.ltion'i Typically, 
:hct•~ .tre f.tr f,:wcr org 111Í1a!iono; th.tn individu.do; and that:f,Hc thc '>!yle of 
r:w.I..J ,,.,,:d for popul.ttion :tcli'.'itic~. \\ohich J<; b.l~·-d on undcrlying stati,tíctl 

·li·~···._'Ín.:.: ,¡-..q•mptH'Il', '-'-lll lllJI n~u.all) bc ~~r:H•-'PIÍ.llc 1 hi-. i-; one re.~:>crn 
1\ h;, ti.· r..:l..." .. :nt rh-.:oíy, fnr C\.Jiapk of111du,tr:.d J,•c;¡tio,¡, ¡,. u-.u.dly couc!1~·d 
ÍP l!"l. ·-~ .l'l.d) ,;l.,al krtil~ b.1~ed un thl: thl·nr; ·J !it..: l!rm Tlu-. oftcn lllL',tn~ 
tlt.rl 1h·· npfy com¡>r<lr¡·lllirc lll•Jlfcl, 11hid1 1\C l.t.l '>d up frum thi-. ~.lrtof 
b.t''' .:··; ~c•1td·•lldlit.: modd-; \'vhl•_h l..t • .: l''"l'L!IÍ;:-.ulll'i'tLtll \\llh !IIÍcro­
,,,.,d_..' ·1 ;l¡,nr). A P'h'>~blc l:Xl'l:pti•••l 111 d11~ ~··:::L't.d ntlc i~ thc !wu,ith! 
'>·.d•lf, · -:.: r· l.:lt\dj l.•rgc numhc¡., pf ncv.· ;l,lll'·-'" tr·: ht11it In many ca•.t"7, 
¡,, ,., .. -.,e .. c i ,. · • :.·, ":"n' i 11'. ofving .1 la rgc pro P"' t "'·l , ,f t !lc:'o.: ! ,.,u-.c~ ;¡re 111,, de 
bj a · .:1 ·1! 1111·.· 1 ..r of organi:t,lli···n ... f·~r c:•.;\IP¡>ic:. h) l•)l,ll -govt:rnlll• 111 
,! ~1 ¡f· f 1, ... 

1 he '"' .1•'," lll1j1ltl:Jiion of thc .th••'-C .r,., .,,,¡, .. ¡ h th.tt ~,,,,,Hi!ch..:n,i :c.: 
··''l', !_. ··': !l'• ·1 ¡., .1re d:flicult tu l·q;~d ·¡¡,,_,,_,, ··í't~.·~: .1 ,:t .. ing ;;;~. 1 co.:, ¡,,.\\· 
~:'.ll :, ':1.1 th.:" ,f Lh:tng~ i;1 !1.,,¡ •'':_! "L'i'I1'J- .... ~·¡ \ .• ,_ . ..., ,Hhi j0 h..., ] 1 , 1 ~.~ to 

•J " 1 ,,' ('l· ·: lf{.: prc.:ci,. 1) rh.~ \.Ir 1 t!)'L" '; llilh ,1'1 ld J grL.tb.:r (':; lc·)-..·.:r 

c~l.'-'••t untkr t_hl: pl.!tlll::'s' pokntt,!l contrvl, c:ithcr Jircctly, .1~ \\rth thc pro­
VJ~Illl~ o~rubhc .JU.th•mty hou,ing 01 <:en ices, or indin:ctly th1ough planning 
pcrlllt'~"~)ll ,1r LOIIJllg control<>. Thuo;, on m.wy occa-,ion<>, a mudd a' such i<; 
not !lL'cdcd, only a spc:cific.1liun of a ran¡_j.: of .dtt.:lnat•vc plan<; 

G~v·~n t.hc Íi:'.t'li'-.t!Jc11l' Pfthi::. intr•ldt":tory Ji·,cu,'>ÍI':1,.tPd ¡'.llticul.~rl)' thc 
qu.tlrfic.ttton L)l th.::: p1CLnli11g p.1r.1graph on thl' nccd fo: ... up¡;ly-stJc moJcls, 
wc wlll con!L:ilt our;;cl\cs in th..: n:~t of this scctinn :,intpiy by o:1tlinmg bnctly 
somc ofthc nwdcls 1\htch h::>vc bccn Jevciopcd Thc di~cu,~Jun ofundcrlvi111: 
hypothc>c:-. \'vlll be po::.tponed. • ~ 

~~r-.tly, wc con~idcr a \·ery simp!.::: moJd of margin.\1 hou,ing ~upply, due 
to tia nsen ( 19 59). He a!<::. u mes th.lt in thc time pcriod undcr cothilkrat ion, 
thcrc is somc givcn quantity ofhou-;ing G to be allocatcd.l he modcl prcdicts 
H., thc q~.111tity allocatcd to zonc 1, as a function ofvac.tn! bnd i.1 i, V,. and 
acrP~'ilbtlity to, say, c•nplo_ymcnt A,, whJCh wc might-takc as 

(10.133) 

usin~ an obvious no!Jtion Thcn 

wher.::: :x t> a p.H.llllekr lo be c-,tim.ttcd Thtc; sin1pk IIJt'clcl ¡,,,., ::.omc usLful 
ch,lractcristic::. aiHI in p.t rt ic¡¡l,¡ r po•n ts oul t he dependen•. e l'f t h..: J'fLlCC'i::. on 
land ,¡vali.lhiltty, as wcll as üth.:::r d~~~r.1blc propLrlll~ '''eh .l~ acLc-.-.thtltty. 
It h.JS hco.:n di.">LII:-.S~d el'>,¡ J('<,J(knt!.ll 1\K.ltion mcdd (SIIt.:idk11T .!lid Stv\'.cr~. 
1966), bu! \\0: SL'C how llSl'flll 1! is lO 111.1kt: !he -;h,¡rp di-.tinLiiPII loet\•CCII thc.: 
locatinn of í''-'llpk .tl1lf tho.: loc.ltiun of ~tock. Thh nccd lllll t!1cnl:c C<lll'-i,1..:ro.:J 
,¡.; on.: of .1 illllnhcr of :dtcrn.tri .e rc~ident1:tl loc.llion Pll'tl..:b, but ,)I/ fro111 
thi::. mnJcl undd h: u.;-.:d .1s .tn input toa doubly comtr.1incd pa .• o/1 d>;1.1lll ·~ 
re::.;,knti.d Ju,.:.ttÍ•lll "'odcl. O • 

•\ Cllltq,k:•::; d!!fc¡cnt <~pprO:tl.h to modcllmg hothÍIIg -.npp!y w,t, 
attctnpk-1 by tl'c Ci1!111llttill1) Rc:nt.:'-l.d P1ojc~t in S.1n l'l.lllU'<.I) (f~ •. hin~,)n 
L'l a/, ICJ(,)). J'he L''>\C!IcC ,_,fth•: 1110d.:f h .1 \..lkllh!Krll IJf\\h,ll difTcr,_,¡¡ ty¡K·~ 

of p..:npk 1\Llt"d. P·.') f,l~ ~lilLJ..:nt typ•:.., of J¡,,u-.ing\,Jindudin:_! :111 c\i~ting 
llllll\lllg. \\ hllh JS .t_,:cJ 111 !he llll1<kl), and thcn n~ .,~ llllu,ing ~tq•pl:, is 
L!l'JlCf.Jt.'cf \\!11th pr•l', ''k' (J¡,: ht¡:ht_;f) ÍLicl f,¡f tht.: dndnp1.:r ·1 hL· lll.llll tfc•t,IIJ 
(l( tflC I!Hld-:f 1\ fL\d l(,f f¡>( th•: j,\.'fo.,l)Jl-l} í1•_: ar.d hn,:JC-1) p~ dllllLil~ÍIIII'> ,¡iJJ 

th.:rc ¡.., rd.ttl'.cl) li!tk 'P·dt:d d<:tad 1 ''''"-\<:r, it dnc-, rcprc,cnL¡n .dktii.:IJH' 

!JllHk!:t"lll·fin~~ prt":-ipk for the h''"'ing ..,upply ... ide, tlwugh 'o~) \\<>rk on 
!hc'c lnw' ···:uno, !o n.:\L h·_L'!l d·-·n': ~IIILC thc S.1n fr.iii•.'Í\Ctl pit>jl\:t 

In thc l,l;t.: pf '-L'• ·• :·_,_ ,-. IILl!-.1'> IL'' 1iling, it is p·•~'>thk to .1rguL th.''(-"l.'l'i'l;. 
.!djll\h r.trl:._r d.hil< ,i]; lt' 11'• _¡ dr:nt.lnd, .md !h.Jt lllt>•!cl.., _uf th·· 't<l)llll 



Jt:~l'flh•:J rn St:ction !0.10 C.lll thu~ also b~ COihitkn:J to b~ <;upply-~idc 
lll••·kh 111 1.,. 1<;, in dT~ct, wh.tt Lowry (196-\) .ts~ur:ll:d 111 lm rct.tlllllodeL To 
,c,·l._ .tlt..::n.ttÍ\c rnudcl!Ing apprc.~·-'Jc~. w~ h.tve to tutn to cCO!l<)fl1drtc 

11 1,_.,¡. !!In.~ S 111 u~. a' alrc.1Jy argucd, ''e h.tvc to dn thl\ for i•Jdu:.tri.d loc.ttio!l 
m~.•~.ktl•n;, ami si 11 cc m.llly modclkr~ ha•c .111yw._ty con~iJcrcd büth scctors 
[L''~cthcr,Jlt:II~Cfot th \\C sh.tll do the ~.11111!. furtlter, ~ince SOrllC CCúll\..1 1l1elrÍC 
n:~dd huikkrs tnclud~ equ.ttion:. for popukttton or houscs as pat! of th~ir 
modcl ~\stcm, \ve sh.tll follow suit whae :1ppropri.tÍ~ and such equ.llions 
L.tll be :o11 .,1Jcrcd ;¡s altcrnatt\C residenti,tl or hou~111g location moJcls 

W e sh.dl cnn~tda th rce ex;¡ mpks of cconomcl ric moddling \vhich illustrate 
thc rroblell!> of intcre~t E:.tch piecc of \\ork wa~ c.trrt<.:d out by a fi_rm ?f 
pl.tnntng consnltants in North Amct ic.t. Trame Rc-,c.trch ~orp?t.tttün. 111 

rcL1 · 1011 t•J Boston (ll di, !965), Atan M. Voorhecs :.tnd ,\s~oc1-t tes 111 rclatton 
tu Conncctlcut (T .ü:~h11la1t.ln, \963) .tnJ CONSAD 111 rcl.ttiun to Pitt~burgh 
(Putm.tn, 1967) Thc modcls are oftlw fnrt:l 

= L a,
1
y

1 
+ ¿ h,1 Dy1 

(10 135) 
1 

\~hu~\, rcp 1 c~c: 1 tt~ some mc:tsure ofacttvity 111 1.on..: 1, anJ ,)x, is thc ch.tnge 

10 ~ 0 n1c t11 nc paiod y,s are 'cxplanatory' v.trt.tblc~ (wh1ch, as \\C sh.tll scc 
bkr, rn.1y 111 duJ..: ~o me of thc x,s) Thc p.l rt1cul.tr choice nf V.tll.lbles dcpcnds 

011 thc hypotb·~cs to be rcp1 c'ientcd Thcsc m,ty be cho~cn so a~ to ma~c the 
modcl 111 a, 111 ,,t!Jy con~1qcnt \1\lth somc mtcW<tn.tlytJc.tl thcory, a~ noted 
c.1rÍ1c:r, or sirnply to rdlcct cmpi: •, JI relatrGil~hlp~ d1-;covcr~·J thtt)tl~h pre­
]1111111.1fy st. 1t1qJL',tl an:1lys1s In thc threc c:.:amplc:o. \1\c are ll'>tng, .t \vJde v.~rrcty 
ofh:: puthc,.~'> 1 ~ rcp;e,cntcJ \Ve can attcmrt 1•' r11t th··m tn:_:,·thcl cclclllcally 

and \le tlbt.tlll th.: foltowtng summ.uy. 
¡ 11 ,/u 11 nul emrfo;menl locatc~ indcpcndcntly of !oc.tl cnn~lllllCf m.trkct\ 

hut nl.!y tkp.:nd on 
(1) .tcc<>'> tn l thour m.trket 

:JLt,,, to ,._rvi\X~ 
.:ce,., , t.> r: t I¡Lf >l!n 1la r cm p!n y llll'llt (h\'··,¡ H..,._ of 111 k r ·111< 1L• .t ry li 11 k·' gc-..) 
t 1r¡!, . 1 ~-~. 1 ._ 1 ty (1~·! 1 ich dep.:11d' o111:lnd .tv.td.thtlJty, 1~tlw.: .tnd dcvclnp-

JliUII u·,¡..,) 

'),,: ·, ,, , 1•;, ' ': 1111 nr n1.ty dcpend llll 

{l) ,, , e-.'.':' ulfl~llnJCr~ (hnu·.chr_.ld•, ,¡;,d ol;;.lllil.lll"il'•) 

!11) .JI. e:_', 11). ~··l.ttcJ ~t.:rVlCC'> 
{111) .:u 1 ,., t11 :he l.tbour m.Jrl..et 
( 1 : :. :' .j ' 1; \ 1': ti y 
/':•[ 1,.,. 11 '(/1 1 "1/Jnii\ÍIIf;,OL!J'd~, 

: 
•\' 

:1) "- .. 't,¡ jtJh~ 
t:r) .: ,_ .. ltl\t:nlu:> 

{¡.1¡ ¡,:1,' 'q¡,,.lt!] .111•! I'I:<C 

1! v) soci.!l ~~ r11d • 1 r•. -rep1 •:":" tcd by -,u eh t h 111 g> .t" .!lli 111 tic-. h:t \\ cc11 tncolllC 
group~ 

(>) la!lLI c.tpo~ctty ami assoCJatctllfcn~ity COII>tr,lints 
The autllOIS ofthc [túpiric modcl (lirll, 1965} mJl..c a di~itnllron bdwccn 

lol'ltfed ~ariabk>, thc mc.tsurcs of cconomic activity or loc.ttion, antllocator 
vari.tblc'i, the c.\pl:IIJ.ttory variables in addrtion to loc:ttcó van.1blc~ which 
are somctimcs u<;cJ as such Thu'i, for each loc.ttccl vari:tble R,, we have an 
cquation of thc forrn ' 

JR, = l:f·a,iJRJ ~ Lb)ZJor.5Z) . (10 136) 
J~l . j 

whcre the z,s are locator variables, .52 ~s the ch.tnge in such van.tblcs, and 
the a,

1
s and b,

1
s are coeflicicnts ln the origin.tl Toronto study, the vanablcs 

choo;cn as loc.1kd v,trl.tblcs were 
(i) whJtc-collar population 

(11) bluc-coll.lr population 
(i1i) ret.11l anJ \vh<lksalc cínploymcnt 
(iv) m.tnttf:tcturlng cmployment 
(v) othcr cmploy mc:nt 

and the loc.t tor >.t na bies wcre 
(i) dcn-,itic~ for I:Jnd in cllffCICilt usc~ 

(ii) zonií1g pr.tcltces 
(iit} c;¡r accc'>~Jhillty mc:l!>Urcs 
The othcr two modc]<; u:,c J dt!Terent conccpt of ch.tngc; thc ~o-c.tllcd 

dtfferenr:ul \lufr, o~nd ~o a p1clttuiu.try di~C~~~·;i011 of th1s cnnc•:pt i'> appro­
pri.tte It orig11l.lle> 111 thc wotk of fuch~ (1')62) \Ve c.tn pn;c,·nl toa 
dcfinitton 111 1\:rlll'i of pnpulat1011 ch.1nge 1 et P,(r) be 1hc popul.1tionl•fzonc i 
at time e, and con,idcr ;¡ pc110d frolll O to T 1 hcn u'>ing .tn ,t..,ICII,k to 
OCilüle SliC11 1P,It;on, f+-(1) i~ thc popu].¡t¡nn of th1: ft'::_'I<)IJ, thL 'tttdy :11e.1, 
at t1mc e 1 hc:n, dcf1ne 

P (T) -- P (0) 
·:t(O T) =- - * - . -~ -

' P*(O) 
(101~11 

a~ thc rc::;lnll,tlt .. !le of l'')l'iiLtliOII Lll.tllgc. \Ve C.lll u e/)) .1~ .111 nl!t:r.ttor to 
rcprc-,c'lll dilf.:rcnti.d ~lt,ft, anJ 

DSI',(O, n ,_ P,U ¡ . (1 1 'J(n. 1 JJI',(I)J 

Thll~ thL dr:fuu;t¡,¡f ·,ll!ft 111 r~rlnd ()tu T"' th·: tlrl~·-r-·:.u· bl 1\\ c'c'll th<. /lltl.tl 
pupul.tllt>l1 111 111111 T ,11:d thc poprd.tllild \\h1ch l'.ou)d l>.llt; h1lll .tt.ltllVCd 
rf the /une h.td gru\~11 .ti thc Jt.:);l<'tl,t! gr.-,,, th 1.1!c 1 hu,, dJlf<'flilll,t! -,!11ft 
cn1plr.l~I/C' l'ltcr-;on.tl dt!fcr,:ncc~ 111 thc p.rtll_'fll t'f eh 1n::;c N<lll: th.rt. frPIIt 
thc dcftnrtl<ltl 

¿~D.\/',({)¡ 7) ~ce Ü (10 1 \')) 



lltht: 11111·.: p..:rit)d is ck.tr f¡omth.: ~tiltlnt. thc (0, 1) ~u!1i\ \\JI! be <huppul 
No•.\, ~uppo-.c \\.; n .• :.Í:-.\JIC ú'•-'Jll)f'.lic aclt\JI)' by cmp!u;,n;,;,;t, :tnd kl 

1-:;(l) l•..: rltc c'!'lplll) il11.111 in ~cd•)t /... m ;one i ,tt time !. 1hcn thc rcgion:tl 
_:r <'\. ih ra!c::: fL•r .,L'l'fL)f k is ddincd :1" 

( 10.1~0) 

(10 141) 

Modcl cqu.Jtio11~ •.Jit now be formul.!tcd as b..:fore, \vith difTercntial shift 
~:ari.~b!,_., r..:pbL.ing thc gro·;:; change v.lrÍ.tblcs. Howevcr, beforc wc explore 
c·c1mpk-; uf '!!eh mm1::ls, a digrc-..;ion i:> in ottkr. 

This digre~~ion a:ms to rcl.tk thc tf¡IJacnti.tl vari,tblc~ ddiw.:u abov..: to 
.li:croJ,tt~ Jcfinrtions. ~\lthou¡;h thc al!L'rn.,ti~e Jcfinition'i \\lll not be u~cd · 
.l:;.tin hcrc, they m,ty_ hclp thc rc.tJcr with the litcr.tturc (~ce, for c\arnplc, 
Smith, 1966). 

Tht.: altán.l!Í\c n:fcncJ to con:.i?ts of Jcfinition~ tíf c.,om¡•wotite, compo,i­
ti•JIII,il anJ crnnpdl!l''e shifts Essenti;¡lly, compai.lti\..: ~hift rs thc Jr!Tcrc:nt!.~l 
"h1ft in lot;1l Ci!lp!:Jyntcnt of a IOTl~. rdtti\e to .111 ..:xp~ctcJ rcgion.d gruwth 
of!ol,d cmploymcnl; competr!J\C :-:.hifts ~He shift:;;-in tc.tal cmpf,)ymcnt n:l.ttivc 
to expu:ted gJO',\llt c:tlculatcJ ;¡~ thnugh c'.tL.h ·:cLtor grcw at its regiuna! r.tlc; 
tl1c cnmp11sition.tl sh.ft is rhc di:Tc:r..:ncc bctwccn thc two anJ rcp•..:scPI'i a 
ch.tnging "cctor-mix. Supposc 

E~(t) = [ E:(r) (10 142) 
k 

IS lut:tf l:lllf!•1) llh.:nt in tite rcg.io11 .11 lllllt.: t, and 

I::(r) = ¿'<'u\ ( 10 i 1.1) 
~ 

;' l1:~al crnplo; !li•.:!l'' ;n tone i al tirm: t I hen-

O 
. . L:;¡ f J - r.;(O) 

··( 1 ) . ' . . - . . 
1 ' 1: •íf)) . (!O 1·11) 

., ,1 ; I.,L• ,,f ch.••1gc of tor,•l Cl.l¡'!•í)fl:<.: 11 1:1 ihc ~..:~;()11 Le! Cl',\1~. ('1'0~ 
,,¡·, l ( ~/l Í !•,_ (11/llflli,I(Í\L', .:1'11:¡:,, d\ill!:.d ;•,:.! l.•lllljldlli\L. ~Jt1fl\ in /Uf•C l. 

1 i•'_n, ",·.: '- 111 ddin~ -· . 

CPAR !::(O, T) -~ /.,•r 1) -- (! !- ~(0, '/ ))f.,•¡o) ( 10 145) 

1.,11fJ)f.'_l!) !- •tt•¡/'"t i) ( 1'0~ 1-:,"{Ü, T) ) 1 - ., ·~ • 
--' - ./'.!0) . i.~(IIJ (1011(:) 

Using th..: dcfinttinn of /)Vl. 'j') lr.llll equ,t(Íon (10 140), eros r.:to, -~-j can 
he written 

CPOS F.,.(O, T) "~ ¿ tl + /1\0, T))J-:~(0) -- (1 + ¡·(O. 7 ))/.;(O) ¡ 1 O l·l7 ¡ 
k 

Then, wc can define 

CPET E,*(O, T) = CPJ\R E,*(O, T) -- eros E7(0, T) (10 148) 

= E"'(T) - 'íl + fJ~fO T\\Fk(O) t ¿, , \. ,, .. , 
•. , ', k • 

( l 0._14!)) 

~ote th,tt using thc ..:.uJier dclir.itron ofdlffcrcntial <;hift in cqt•:•tion (iü.J-11), 
¡f we su m Jver k we gct 

L DS E~(T) = EtCr) - L ( 1 + fl(O, T))t.;ro) 
. ~ • t 

(10 150) 

= CPET J~;(O, T) ( 1 o 151) 

<;o compcti!JYC '>hrft is th..: su m ,)f rndi\ idu.ll drrfe'rcntJ.tl ~l11fts. This cnds thc 
digrcssion antl hcrKcforth wc sltall use thffcrcati,tl sh1ft by seciLlr, thc 
JctinJtion of equatiün ( 10.141). 

The Voorhcc<; modcl \';a:; a sct nf cquation::. •:,tch of the form 

DS Xm(O T) = '\' y• 
1 ' L. amn • {10.152) 

for the shift in the variable '<;" for ;onc i The };"s are c.\pl.Jn.ttury ~ari.tblcs 
anJ thc am .. s are coiTicicnh. 

The 11\depcnc.knt v.lri.tbk..,, \\ hut thc ~illft 1Lfcrr..:J to ,lfl indu~triulcll!plr•_r­
lllt!lll sector, wcre: 

(i) su m of .tll ser vic.: sector dilf..:rcnti.tl <;l!ifts 
{ii) total cmplo,:.mcnt in thc ~cctur al lime O 

(in) total ;;cl\icc clllplnjmcnt at time O 
{iv) c.tp.t<..il y fur indlr":.tri.d elllploymcn! 
(v.)_ acn.:-.s !o pruf.;::.,ion.tl scrvi<..c~ 

Thc ÍJÍdl.'p•:ndcnt \o,triabl·..:o; for ::.en iLc '>ülor :-.hift::. \\ere. 
(i) Sl!lll uf al! wn iu:-<oc<..lor dJf!',·¡._nti.tl shifts -

(ii) tor.tl dr!f•.,l•.:r¡tr.tf ~h1ft in indu-.trr.d cmplojrllcnt 
(111) to!.tlcmploy:n..'nt .tt time O 
(iv) accc ... s tn pnpu'.tlion 

Thc indqJ, rhknt ~.tri.thko; fnr p••:wl.ittc.•rt (b) !nu•ll!C !:ldllp} ,¡,,fh I>C•C. 
(1) dtff..:r-.·;1!i,d ~!11ft 111 JlllP'-"·!!IUJl i11 IIL'\[ hr:.;IJ,_-.[ 111•.1!11''-' gfllU[l 

(li) tnt.tl ,J!I!áu¡f¡.tl ..,J¡¡f¡ 111 .. hf,hll i.tl L'lllpl\l)''llL'.ll 
(1i1) sum of .11! S<:rliL·c ~'''-i''f d¡lkrcntl.rl ..,Jnft::. 
(i\) '>lllll of p••ptl~ Jll>~:t d.iÍt:r•.nl•,:i ·.lufh 
(v) .tLCc,; !ll P''i"r! 1:1"'1 111 <,i'I'L' inu'II!L' :;r'"'P 

(·.¡) \'.i¡'.l• .t¡ f(,r .1· 1.fJ!'IJI•.d l'''jlll:.ttH•n 



lt 1~ tillc'o<.',l111g lu ~.·onq,,¡r_; ,¡;¡J Llllltr.l~t thc I'MPIR!l' and Vood¡ccs 

llllhld, 111 tt:l.ttiOn to our e.Hiicr cdcctic J,,t of h)pülh<.:~C'> but thi" is lcft 
a'> .111 <.:\<'1<1": for thc re.tdcr. llclllcvcr, t)ll<.: impl1rt.tlll pnmt ~hould he notcd 

.ll thh 'Lt:_: c'.tch modd u~.:-; v.ut.tbk" 1d11ch .u e \kr•'llllt:nt 111 (lllC cquation 
a' lll<kl"-'''¡._,,¡ l,tri.thks in· oth~.:rs. Tl11' ntc.~n., th.1t 1'.\v--.t.tg<.: k.l\t-squ.ucs, 
m.txittlliPt·ltk.:lt!·l(lod, or som~ oth<.:r ~.:-ti:n.1tion tt:chntquc llHhl b~ u~cd to 
C>lÍttl.tlc th: ú1cffi~.·rcnts r.tthcr'thJn th<.: ~impk rcgre.,-;ion anal)~is tcchnique 
mcntl\111<.:<1 in Ch.tptcr 5 which ,~-~u!J lcaJ to biascJ c:.tun.tlc'>. ' 

Th..: thti d t:\,1111plc, thc CONSAD,suh-modcl for thc North E.t:,t Cqrridor 
Tran~p<1t tatiun Projcct (NECPT) is mcntioncd l't.:CtU'>C it :-hows how sinn)le~ 
mndcl~ cm be po:,tubted which do nt~t invohc simultaneous equ;~tiorí 
e:,ttm.lllon tcchnlt.JUCS (Pulman, 19GG). \Ve u~c thc notation dcvclopcd abov~ 
anJ, 1n .tt1drtinn, we inttOJucc an accc~~ibthly varidhlc as 

(10 !53) 

as a mc.tsurc of acccss to total cn1ploymcnt Thcn, thc\ a~.,urnptions m;1de, 
tak 111g k =' 1 a~ thc ba~ic¡'intlust1 tal sector, k > 1 as o;cr\·.i_~c sector-;, were 

0.'·;1-:,1(0, T) = a 1 F.:,'(O) + a)-:;*(0) + aJ;1,(1) +'a4 

'· 
. •"II',(O, ·¡ J = b1 P,(O) 1- b2A,P J + h3 r.:cn + b4-

(10. 154) 

(10155) 

whcrc a 1 - a4 and b 1 - b4 :1rc codllcit:Ph to be eo;tim.llcd Servicc cmploy­
mcnt ,.,,h r><Jt <':,llllldtcd through a -;hift mcdl.I<JI'lll, but 111 tot.tl (unplying a 
slro:tg cq,·il¡bnum .t<;sumplton) as 

f,:(T) = c 1 r.:(o) + c2 P,(T) + c.~E,*(T} + c4- (10 156) 
' 

Thc rc,\•.kr \lo~!! r~.:cogntlc th.tt thi~ l'i .t \<:ty crud<: 'rt.:~.ltl modcl indct.:d, com­
pk tcly rv:_olc·L ti 11g tntcrac.t 1011 out ~Id<.: t h..: ;ont.: he 111g c~t llllatccl So me 
dill~t.ult:L' .... cr..: Jl\covcrccl in obt.ltlltng '>.ttt·.fo~<:toty ClllJHrK.d c~ttm.tlc<; in 
rcl.¡t·,,,, !•l thL'C u¡u.ttion-;,anJ 111 ,tl.1kr :'·IJ-·Lr Putm.1<1 (!')(¡7), 111 Jc.,cloping 
.1 rn, .. :.: f, ·r l'·tt·,hurgh, w:h u'111;;; ,, drlf, t~.<•l ill<ld· l .tltll!_'lthLr 

\!.<,::. :1;. '1 C•.ltllpkSOfLC!llltlillclll< 111~\t[<,_l, l.!ll hL fvl'l't!lll th<.: J¡[(:!.\(Uf\.' 

¡ft><' l • ,, :' '''· r•:lt.:tit ptCLC'> ¡,f ·,,urk, ~.e•: 0-I<•~L, .:n.t W_t!lt.tl11'll!l, 19ü\ .tnd 

~L- .. 
1.:·111 1'),,'!) S..:rJm:tn\ •1ork, 111 p.it!ll !1!.1r, '-"" bt: dc,uth.:d in gr~.l~l'f 

d,: t:J,., e l tptcr 11. 

l!l.l' H,lli~I.'\C!-<..; 

,., 
,\,• 

!{ 1' 
\• 

'1 ( 

'. 

. li'll,t¡ ¡ .. , :1'••11•·'"''·''1•'·' r·.ll•t\ •id t 111 ,, ·•:· ('¡.;,, c.lllll !icl<c. :1.1.1" 
1 '!'I.'IJ \n '1'1'''' ilh ¡,, lhc ti''-'"') ,,f '""'' ,,•u .holjlJHllg h:h.l\10\lr, l/thwr 

~: t'P .:;e¡ ()' 
1 t' ~1 <) 1· \\'•:1 . ..., ll'H ~) \ rí··1· ,l1 1 lit r:•, ~,.kl ft•f r~,..-..t,!t.ntt tl ~~~~'.~olh, 
r,': '"li f!, "<lit/;, 2, f'i' 1/'i \•Ji) 
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CH.\PTER 12 

Practica! considerations: data, calihrativn 
and tes tint? 

' ' 

12.1. THE NATURE Of THE CAUBRATIO:\ Ai\.D TE~TI' r 
TASK 

We had onc e\arnplc of callbratlon in Chapta 4, whcn thc pJrarnctcr n m 
the modcl given by equation (4 18) was cstimatcd by ma\(irni11ng thc ,;um of 
squares of dtfTcrenccs bet\\ccn prcdicted and obscncd tcrms m equJtion 
(4 21) Since __ thcn, wc ha ve conccntratcd on model-buddtng principies and 
ha.,e neg!ectcli-thc topic of c.dibra!Ion and tcsting. The princ1plc of cJIJhra­
tion of a modc:l is, to,clwosc thc p..H.lmctcrs of the modcl to optim17..: onc 
or more goodnc~s-of-fit statistics. In this ch.1pter we outhnc rncthoJs for 
domg th1s for a \\idc range of examplcs and firstly \,\'C dct.til thc r.wge of 
the C.!hbrJtion problcm in rel.1t1on to thc modcls of Chapkr~ 7 11 Follow­
ing this, WC CO'lCentrate 011 llh:thoJ: in $~ction 12 2 WC Ji~Cll'>S !he la'>k Of 
definmg goodncss-of-fit stJti~ttcs ,md tn Scctton 12 3 \\C sho"" ho'.\ to fir.d 
paramctcrs v.hich opt1mtzc thcsc 10 d1!fa..:nt cxamplc~ In Scction 12 4 \\e 
add a note on the ta~k of c-;tiPutil1g ..:ntire ummoothcd cmp.ric.il curves. 
Thcn !11 Scct!OllS 12.5--12 9 \\e rcvi..:"" thc calibr.I!10n ,¡nJ t..:~ttng probkm..; 
for the mod..:ls of Ch,lpt.:rs 7-11, 1n cJch ca~c p.1ying spL'u.d a!tcntion to 
llkcly dJta il\,t!Ltbtllty In Scct1on 12 JO, somc spcci.tl procctlur~s .111d shu1t 
cuts <~re dc~cribcd. 

We note at thc out~ct th.Jt w~ conccntr..J.te more on c.tlibr.J!t<)ll th.111 on 
tc ... tll1g, th•'ugh ~lllLC c.dibr.1ti~'l1 .llmo~t .dw,¡.;·s imohc . .; thc c.!lcultti•~n of 
gooLl·Jc·.~·e>f fit ~t.1lÍ~.tic~ '.\ hich c.m thc1: he C\,l!t~.ttcd'f,lr th~· k ... t fi_:. thi~ ;s 
lttt!c fC'>lliL'll<lil 

ih.:rc .t rc t h rcc 111.1 i 11 1 y pe..¡ nf c.d 1 hl ,\ t tn 11 Thc: lllt\Lkl.., nf rlu p lL 1 ' 7 ,t nd X, 
thc dcm0gr.tpl11c and O.:CLlnomic modd,, .md thc c.1kg•ny ,.ln.d)~•.., trip­
gcl1c·r .. ti,m lll<lrl..:l of Ch.1pt..:r 9 .tlllll\tlhc thc L'.dclll.ttl•'ll ,,f r:lt~·.., or L'<lclli­
CIC!lh r •• r p.!IIILLJI.!r ... uh·gfOIIjh ,,f thc: popui.JIIOII Thr ... Pf<ll'C" ; ... ,t J...md of 
n:,,,j..:¡ L.rl1b1 ''rn1: ·¡he .111 ¡.., to gr.•ur ... uh·,L'h nf th..: t<>t ti p••p11l tll<'ll 1111<1 

c.ttcgo~ic-, 111 '>liLlt .1 \\,IY tl'ut thc r,¡t,;-., for ..:.ILh ,t:h··,,;t ,1rc :-.t.thk .. lntl thc 
,IL lU.tl lf¡,(rlhilli<ll1 ,,f \,du..: ... fpf C.tdl '>Uh-·;Lt ,th<lll( thc 'lllL',ill' f,IIC 1'> ,¡ 

'n.tlltl\~' ••lll' f!lh kJn,f uf .rn.rl).," '' \~11.11 \Vii1'll'11 (I'JI>7) L.tll.., rc~·:..:"r•lll 

,\ll.d)-.,1' o\iJJo,q¡( p1i<lf h)(l<J(J1<,\I' .th<'ll( ¡]¡,; 11.1(li!C.: 11f lflL' fL''j'"il'L' 'urf.¡u;, 
llltlfL' l] 1,¡, dl) 1 l!nc.tr ,\..,,lllllpti<'il l'> lll.rdc .lht~ul th" \llff.lu', ¡,.,,,¡,"L~ tn 
Íl!lo ,¡r r<..t;,ÍL ,.;-l1>1l ,!!l,tlj\1'> 
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Nc\l, rndc.:c.:J, wc cnn-,idc.:r par.unc.:tcr c>lllll.ltJon m linc.:.tr nwdcls of the 
fonn 

( 17 1) 

or log linc.tr modds 

(12.2) 

m SJtu.ttJon-; 1\hcrc ob~\!rVJ.tion;; .u e avatl.tble of (y, x
1

, x
2

, •• • ) llnd a
0

, a
1

, 

a 2 ,. are p:lr,l!nctcr~ to .. nc-.cstim.Jtcd Th1s cstirnat1on ta-,k is ~tandard and 
wcll-knL'wn a SLJJll of squ.trcs wtll be minimi7cd, and sorne statistic su eh as 
R 2 uscd to mcasurc goodncss-of-ilt Th1s tcchn1quc can onl; be uséd when 
rathcr strong assumpt1ons arc s,ltJ,ficd·- the independcnt v:HJablcs shou Id 
not be co1 rc:I.Jted 11 1th ea eh othcr, they should. be norm.tlly distnbutc:d, and 
the un11 nttcn CI ror ter m should al so be normJIJy, dtstnbutcd and should 
ha1c il1L'Jil 1cro Nccdlcss to s.ty, th1s mt.:thod ofp.tr.lmetcr cstJlllJ!Ion i~·oftcn 
useJ m cJrCUIIbtances whcre thcse cond1tions are not sattsÍleLj,_ and biascd 
estlm.lte' of the parJmetcrs m.ty then be obtatned Fxdmplcs of the use of 
linc:1 r cq u.1 t Jons \\11 h m one of the mod·2ls d J~cus<;cJ in th1s bonk a re the-tnp­
gener.ttlon equat1ons (9 1) and (9 2) m Ch:1pter 9. 

\Ve shoui,J note thJt somc moJel~ which Jo not at fir~t s1ght .1ppcar to be 
!JnecH c.1n be tJ,tn~formcd to take a hnc,lf forrn For example 

( 12 3) 

y = a0 ¡;:••-"• e•'""' ... (12 4) 

bccornt: 

( 12 5) 

01 

( ll t>) 

(-.\hiLh '' •:q1111.iiLill to~4uat1on (!:? 2)) Jftcr t,;k~1g log' Mo~t of thc lllodcb 
\\h:LIJ .IJ'JIL·,,r 111 Ch.1pkr~ 9 11 Me.: lll!fllh:~..illy nun-IJnc.1r (J cvnc•:pt wl11ch, 
.1Lu"· 11

1 ,: !1> ll1i!j (I<J71) W,t-, fir,f lntroduu ,¡ h) 01.1pcr .Jml S11111h (I'Jó6)) 
1n1ll 1' •i ·-:· ~- •P:I•>t he tr.tn,fo¡n,l··l tl11, 1u;. :\ ,lll'j':l c\.1111pl{l~ t!.L· -,IJ,,r·rlng 
rn ... •.! ::-1' • 11-llll'ljli.IIIPil (41X) 111 Ch.1ptcr 4 

'>._,,:, ''IIL,If liJ•·dd-, 111.1y }¡,1\C OJIL' ()f lll<lf,' J' 1r . LlL'f\ ,>llcf,ll,]\llfpfl\ill~ly, 

rl•c L1'· ~ 1 • 1 ~_,lt:. ,,fthc ~..ddn.II1Ul1 pr<•cLlllliL. 111ll• l'·l'' r.1p1dl; .1'> th..: lllllllhc.:r 
,,f J' · ll:LI' ll1Lrc:,¡-,c-, Wh,·rc \C\Lr.d p.ll.llilL'k'' .1r:.: JllvnhLd, .tn I'>~UC 
1111. ·.;. ·l .h to 1\hLthcr thc:y ·"··uld he c.;,tJJI\ r~:J ~cqucnt1.1ll) or 

( 11 

In thc follo1' 11ag '>Ub-scclhJns, wc sh.ill ,h-,umc that rncthoJs of c~timating 
ratc<; ami p.~r.tmct.:rs in linc.tr modds are, on thc whole, famJ!J,.tr and we shdll 
conccntr.tlc ,ilmo-;t ent1rdy on par<~Jnc.:tcr c.:stllnatJon m non-linc.:J.r modcls 

12.-2. GOODS~.SS-lJF-FII SfATISTICS 

Suppo:o-c v.c ha ve a sct of ob,crvJ.tions, x~h', anda ~ct ofmodcl prcdtetJOns, 
x., how do v,c colnpare the t1a,.o? The simple~! mcasurc ts the sum ofsyuares 
(which v.c ll'-t'rl fnr this p~H'-pose"in ·ctppter 4): 

1 

1 

S = 2: (x, - x~b')2 ( 1 ~ 7) 

This will take a mínimum value for the 'bcst' fit, though it wdl be difficult to 
asscss how good thc fit JS .1s the value of S dcpends on thc dimens10ns of the 
variables and thc un1ts cho5en 

1 · obs Perhaps a bctter proccdurc of d1rect comp.mson IS to p ot x, agamst x, , 
and to fit a str,Jight linc bCI\\Cerl them, say USIIlg the moJel 

( 12 8) 

For an exact fit, l1o should be zcxo andO¡ should be 1 DcvJation from thcse 
v.¡lucs shows a worscn1ng Ílt, and-..!hc actu.d v.1lucs (togcther v.ith an inspcc­
tJon of thc plot~) m.1y g1ve an mdJc.1tion.of any ~yst.::m.ttJc biJs m thc modcl 

Thc ncx t ~tcp is to fi nd me.1::ou res of associ..J-1 1011 bct wcc.:n -e, and x~b· wh1ch 
are dJJncn~1onlc~~ Any st::Iml.ud st.ttJ'itJC.tl progr.unmc \\l11d1 cstJm,Jtcd a0 

and a1 m eyu.JHo_n (12 8) would .tlso cstinJJte thc correl.1tion R bcti\CCn thc 
scts of .. !r1 ·hl,·~ and K2

_, the amount of van.tncc cxplamcd by the model: 

( 12 9) 

whcrc n i~ the numbcr of v:.m.1hlc~ R 2 v.Jrlc'> oct-I'(Ccn 1, for ·!ll C\.ICl corrc­
~pondcnce and O 

Thc nthL'f ohvH)U::, :tltcJn.tlJ\C 1'> to use/ ddincd as 

(12 10) 

Thc u-,c.: nf thL'<.: (.1nd othcr Jne.l.,urc-,) .trc dl,ul-,,cJ 111 thc tllh.111 lll<)(kll1ng 
LIJJilc\l h) n.lltyti'J7U, I'J7lj.ll1<l r\.llh(ll}/\lj ln.:.ddlJ,illOll,\\0.:\\Uiddfind 

1 R ' . 1 2 ll1<hid p 1r.rlliLIL'r 1,1 l!L''i tn 111.1\11111/12 - .tiH Id lllllllllli/C J. . 

Thc \,truhlc-. '• u-,Ld !<> cnlhtruLt thL·,c 1.1r1.thk-, nl.r) be: .111)' nwdd 
vutpuh ln.1 "Jl·ill d Jllkl.llll<llllll<'dc:l, thl'} -,h,¡¡¡J¡J u-.u.dl) be tllc IJJ:<.:I.I(!I<lll 
ll1.1lflll'', thPll,t:h 11 ,uLh .1 111<1\kll, 'li1L!l} ulll,ff.IIJJuJ .1nd ¡., hung li'L'd .1'> J 
ltl\..111•'11 lll11dcl, thcn -,p.1t1.d di,!Jihull•'ll ,¡f '><lllle Jntcr.ILli<>n-cnd [(lt.lh,.a 
Jl,lril)JJtJ<lJl Pf\llli1L' .Jlll\ll)', 1111} he: .1ppr••¡J111Ic 



Thl! prcbkm \\h:ch oft.?n Jri~..:s •vh~..n bú'-'dr:..:::.s of-fit ,t,t!hiiC:.., su..:h JS 

th1..1:-<! Jdi1:·:d ,tbO\\! ,¡r,: lEL'd in urb.111 an,J r..:gto);l,'lliH',j<.;'IJmg f~)f C.tltbr;1IÍOO 
ptH~'")'l'S ;s :h;• t ~h.:J ' .. :; ~ Jlh-:-~ ),)\dy as th.? pa r.:.m;:t.:rs of ih..: moc!cl \a ry. 
Th.1t is, thcy are oft<:n rebti\dy insl.!n~itivc to p:tramd.:r c~tlfn.i!lOn. This 
problcm c.1n bl.! ;:¡voiJcd in m.inj c.tscs of par .. lli>ct.:r .:c,t;m·. 1 ~·Yi in !llln-linc.u 
nwJds by th~: use of m.t\Írnum-likclihood proc~:dures (or, 1n th1s case 
an.!lorou,ly, by c:ntropy-1113\¡ll1Ízing pro.:edurcs}. Such mcthud~ for this 
í1dJ .~re dt'icusscd as m.nimum-ltkdthood m.::thod~ bj Bla..:kbum (1970), 
[\,l!IS (197!) and R.1tty anJ Mackic (1972), and as cntropy-m.I\Í:ni7Íng 
m..::llods by this at•tht)r (Wilson, 1970). ,;nothcr cquivJknt procc(\oJ.re cdn 
be dcrivd from R1yesi:• n mcthods, as in Hym:~ n (1969) Thc rncthoJ \l.t :1 be 
e\pbincd here only m thc broadcst outline, :md the rt'.ldcr is rderred to the 
previou-;ly cit.~d worb for thc det<J.ils Assurne that thc model can be w1 .tten 
so th..tt p, is th~ probabd1ty of a mcmbcr of the popubtion being in the 
i-~t.tte, so 

X, 
p, =-

·" 
(12.11) 

for !•)tal population x. and x~b• is thc numb..:r obscrved in state 1 ~s bt.:fore 
·¡ hcn thc likd1bood function is 

( 12 12) 

anJ it can be shown th<~t the h~st cstim:1tcs ofthi! moJel'-; p;;rantdCh can b.: 
obt .. tincJ by choosing thoo;.: whteh ma\l:ni;c L, or n1Ür:: u.;;ually, a11d cqui­
valcntly, log L 

Th1s proccúdfe iS equivakni to the cntropy-ma\innzing proccJurc (~ce 
Appcndi'\ l anJ W1bon, 1970) in the following scnse. For cae!• par:-omcta of 
thc modd, thc proccdl!fC proJucc:; an eql!dtion to be solvcJ for th,tl par.1-
m..:tcr. Th1.., cquat1on turn"> ou~ to be the cl)n~tr.!lll' ·~t_i~LdÍO!l '\' 11;.:h \\OtdJ he 
u-..cd to gcncr.ttc thc sc~mc rnudd .ls :~n C1Hropy-!11.1XIll:!lll1i;; llltl(l..:f, and thc 
cqul\.dcnt p.tr.tmctcr JS thcn thc Lagr.tngi.•ro multipiicr .t''"u.tkJ '.\tth thc 
U)lhlr.tlllt. f:t!hcr \\,ty. thc p.tr.tnH:kr is obt.IÍilcd by ~olving thc .tppr•Jpr i.ttc 
c.¡n.lllllll lt 1s rl!.tlly 3 rn,lttcr of ta..,tc and COII\..:r;icn..:·: :t'\ to \\hcthcr 
111.1\lolHlln ltJ..d1hood mcthoJs or entropy-m.t\tlni;ing nll:thod, are 
"'l'.l lo í'''"hh.C !he c•¡u.•ti.m \:hi~_h i~ to be ~t)l,.Ld for c.1d1 p.tr.lnt..:tcr. 
1 h~· 11:1p•" r.,lll P"int ¡, th.tt, f~H ··:t•:h r.tr.tlnctcr, thae ;, 'uch .111 ~qu.tt1on, 
.rrt.l Jite ,¡ ,¡;,ti•~ ,I'·"'U.ilni \.\lth it is thc /1<'\r g•>n•!lll''\·Of-fit ... t.lti·.tlc for 
tl•.tt p.tr.t•llltt:r. 

llr•: rn._tli,ol i~ h..:-.1 illu .. tr.tkd by .111 c\.11:1pk Con·.id..:r .t •11'c-p.tr.tllldef 
\U ·'•'11 .,f¡l¡.; ..,ho•pp111¡; m,,dd gn~n ¡11 ..:o.jlt.tllll!l (t f.~). 

S,¡ := ,i-t' J> 11' e - f! 
• ' J 1 : •J (1: 11) 

" \- ,~ !> 1 
L. ¿ S,

1 
log c,1 = ¿ L. S:1 ' tng c,1 

1 J • 1 1 

u<; 1ng an ob' I•)LIS nl)ta t1on Th.1t ts, S,
1 

is to be: ~u h.;t i 1 utc·l f1•.:•rn_ ~qu.¡tit)O 
t12 !3) mto (12 14) and (12 14¡ sc!vcJ for {J. Thc •:ntrup:-m.ntrn:: .. :g c?n­
stramt '.>.zw:h gives rise to the fJ tcrm m the entropy-!11.1Xillllllng ucnv.dl•)ll 

ofequation (12.13) is 

'''S iou e = C L L- IJ o IJ 
1 J 

(12 1 S) 

1 • h whcre C ÍS a COnSt311t which in this C3SC lurns OUt !O be the 53!11e ;!S t.1e rtg t-
!'Jand side of equ.1tion (12 14) and so the tc~ultmg e~t1rn,llion proccd~res are 
the same (;'.Jote also that if mean trtp cxpcn(htu1c is kn0\\11, this trnpltcs that 
the nght-hand side quantit1cs are known.) 

!fan ¡::'\poncnual functJon was usc:d, so thJt thc moJel was 

S = A e P W e -Pc..-
t) 1 1 1 ) 

( 12 16) 

then the ma\ltnum-ltkeltlh'Od CClllation would bc 

(12 17) 

and the entropy-m.t\irnitmg cqu.ttion 

(12 IR) 
1 J 

which are id..:ntical, .tnd wh1ch can h.: ~ohcJ for f1 Th1s (h)..:~ rctlliold _u,, ?f 
cour~c, th...tt \\C ~ttll ha\c to chno~c b..:l\\CCI1 .dtcln.ttÍ\C fMm~ t)f fulll'll~)n m 

su eh m o de ls. . 
lía ~cconJ p .. tr:lrncll:r Í<; now introduLcd, as 111 thc cq".lll<.'tl (4 IX} rnodcl<:, 

a llC\\ c..,¡i 111 ,1ting l!qU.l\Ít11l lllll'! be found for th.tl p.tr.:lllCilr ('ce B.tlty ,tnd 
l\f.1d. 1c, 1')7~¡. For 1 111 thc cy_u.ttlllll p IR) IIHldcl thc m.t\lllllllll·lll·.clthnPd 

equ.ttl~·n is 

' 'S lo•• W = ' ,- y·h· lnl.! U'J L L 1) o ) L ---~ IJ .. 

1 J 1 J 

a 11 d thc cquiv.d..:ltl ..:nt;opy·lll.t\lilll/lllg Ct'll'll.ttlll \\llttld he 

,. )' ~ lo~ w · h'g 1r L .. _... IJ ¡...; J 
( 12 .'11) 

1 J 

\\ hcrc !.1g W i'> in f.tcl g1\cll hy thc rl~!hl·h.tnd ,Hk of t 12 1')) ·~"..! 1' tu he 
int..:r

1
,:,tl·d .1·, thL' I••LII lJL·¡¡o_fit <lht.llnul h) 1''-"1'\ lh"''':lol:! l~ntrc J ldtl'IL' 



,hc:y c.m ob!.JJII hcndit log t~1 n.:I.J!iiC 10 otha ccntr..:s (In thc origin.1l daiva­
!lon of lh1s lt:rm, anoth..:r mclhoJ \\.1::> us..:d {Wilson, 1967, 1970) .1nJ th1s 
argum..:nl 11011 su~gc~ts th.lt whc~c a nc:w p.tr.tmctcr is invt)hc.l, it 1<; bctter 
to 1nlroJucc a nCI\ constra111t ·el(plicJtly) 

It JS lll!Cfl?">ting to rellcct th.1t thc ab01<.: dJSCll'-~IL)fl rccords thc tho•rdH .. JI 
re'>pn:t.•bJ!Jt)' of a rcsult v.h1ch h.1d becn knol\ n in prdctice for a long time, 
at Je,¡-,t for the rnain pM.lrn<.:tcr of a spati:~l intcraction rnodcl; th,tt thc mo ... t 
seJbitJ've fittmg ~t.ltJslic for thc p.tr.tmckr m the cost function was !>Omcthing 
likt:: mc.tn-tnp length The ncwcr rcsults, howe\cr, have not only given us 
thcnrctJcJl ju::.tdlcation, but also more prccJSJOn: we now know that mean­
tnp lcngth 1s :Ipptopnate if the trip cost function is e -Pe,,, but for a general 
functJon,f(c.), it should be written in the forrn e-Ph¡c,,l and thcn the mean 
value of h(c.) will be the appropri.1te statJ~!Jc. Thus, for the power function, 
as we ha ve scc:n, e,~ P can be written e -P Jogc,1 and so the m•':l r- \ -~ 1• •·: .,r 1 "~ r, 

1 

1s lhc bes! stati::.!JC 
\Ve c.Hl summ:~rue the ovcr.lll discussion as follows For cach parameter 

m a model, idcally the mJ.xinwm-likclJhood estimating eqtiation (or entropy­
maxJmiZing constraint equation) should be obt;uncd, anJ tlm provide., the 
appropn.1te goodnc'>s-of-flt stati~tic 1-!ÚIIC'ver, \ve slill nccd to know some­
thJng .1houl thc goodnc~s-of-fit of the modd as a v,hole, and for thts wc v.ill 
stdlnccd somcth1ng llkc R2 or x2 te~ts applicd to the modcl's rTidln vanablcs. 
Th1s \\Jll not only gi\e us thc ovcr.1ll indtc1tion we nccd, bu'l rna_y help us to 
chou'c: bct 1\ e en d1ffcrent fonns of fu nction · for ex a mple, for tr .1 vcl impcda nce. 

1 2.3. TIIE .\lECHAl\ICS OF P.\RAi\IETER ES 11\L\TION 

J\g.JJn. we conccntr.tte mainly on cst1mation prLKedurcs for pararnctcrs 
wJrh non-IIIJC.tr modcls In thc fir,t inst.Jncc, to illu'itratc lhe mcthods avaJ1-
<Jblc for r.lfJ111Cter compuLI!ÍOn, 1\C wJ!J COll'oJdcr OnJy !>ingle par.tllldcr 
111•1d :1-. Thc rJJudcl prcJictTOns x, c.tn thcn, for thc~c purpü'>c', be con,idcr•:d 
fuJJL!I<Jth of th~ pM.tmctcr, say {f, on!y, and snnil.!rly thc gooJnc,,-of-fll 
\T,tii\IIL'> ·¡ iJU\, OUr l.t.<.k IS (O rn.t\illlJ/C n2({J}, 5'!f lO rnilllnll/C /(/J) orlO 

'' d\c 

{1? ::>1) 

.•.)••.IC: ( '' 1!1._ 'ftlllLfl(ln' whiLlt tur ., 11p lit !h..: IJI,I\Illllllll-likCillil)•ld t•qu.ttJnn 
11, ., ti . ._· ·"''_'k p.tr.J:nt.:l··r ~hup¡·11.g mud~_l, cyu.J!l<'n ( 1? 17) 1\tlukl he thc 
'1'" • '/1,_ f<,l/ll pf (\.:! 21) for CX.lll,,,l,·) f'¡¿~llf~ 121 ,h<''' '> dJ.tgf.lllllll.l!IL.tffy 
.1, •1 '' lrll•>l .•. d 111 th<.: thr<.:c ~_,¡, ... , mcnlt•·lt·-J ,\In~''"' .!11\.t)', thc: pr<'Lnlurc 

ti .. ·1 ¡,, i11,d ¡; \'.l1u1 thc modciJ-; non-l1n·~ 1r 1\Jll h .... 1 lllllll<..ric.tlnnt: 1\illllrl .1 

•.•11: 1·•11 r In ._,JL!t l.t~e, thc pr··hlclll!> to llkntrfy lhc v.iluc qf {f ¡¡¡,IÍl.JI·~d by 
::, 1" "' /' <•11 rl1<.: f¡gure. 

R'(lll 

p 

(a) 

lh 1 ,\luhllllr\·nfPM.IIIH)t•rF\IIIll'li!O J21 

\_/ 
1 
1 
1 
1 
1 

' 
p 

(b) 

CIPJ 

~ 
1 

p 

(e) 

figure 12.1 Max 11num, mm 11 num Jnd equa110n solv1ng problems 1n cahbrat1on 

for the mm 1mi7,1lion and max1mization problcms, some sort of scarch 
proccdure 15 usual\y uscd The s1rnplcst possible proccdure is to runlhe m"?dd 
for a range of values of [3, and choose the {J v.h1ch optlllli/C~ the slat_J~!JC, rf 
necc-.o;ary repc:atmg 1,ith a smaller incrcment_ connectmg lhe J¡ffcrcnt 
p-vJ.lues Hov.cvcr, this is rclativcly incfficicnt Batty (1971) 11lu-;tratcs 1hc u~e 
of f 1bbon.tc1 and 'goldcn-scctJOn' search routmcs 111 tl11s conlcxt Suppose, 
for definitcncss, thJt \\C are trymg to ma\JillJi'e R 2(pjm f¡gurc 12 l(a) At thc 
kth slcp of lhe proccdure to be dc>cnbcd, it has bccn c-;t.tblJ,hcd th.tt fJ bes 
betwccn {J~ and {3~ {as in F1gur..: 12 2} and {J~ and /l~ are choscn 'uch that 

{J~ < {J~ < {3~ < p~ (12 22) 

R'(Jl) 

-) 

~ k ll k 

' 



¡Jj 

r: 
r. t J ,'1- • nk - 1-n.•,) + 1(1! p.,_=------·I}J2 P~ 

fv•t··k 

whcre thc Fs are the Ftbbon.lci numbcr.; dcfincd by 

t 
11 ~ 2 ) 

(12.23) 

(12 24) 

(12.25} 

if R 2 (p~) > R 2(P~) then {3 !:es in the interval UJ~jfi~) and 1f R2({3;) < R\P~'~ 
B lics in thc interval (/3~/fJ~}. This gi"c~ (\'o boL:nds for the nt::xt st,1ge Bat~y 
shows thd! Jftcr N stt::o<: rhc remai•1ing intcrv,d, J"', is r.t most 

8N = .;. (fi1 - PD + ¡; 
l'N 

(12 26) 

for sorne small r.umher e, and so F.~. and hence N, can be dctermined from 
cquJtJon {12 26) for :wy dc-,ired va:~!e of /5"1

• 

Gol den-ser! ton sc.tr.:h repl.lccs F.v _ 1 _1j F.v + 1 -k ir. e4u.ttinn (12 23) by thc 
nutn\;cr 0·3R2 (to wh1ch it is :!pproxim.ttcly cqual for large N) and 
"~o¡-JF.Hl-k in equation (1224) by 0618 for SJmd..1r rc.1sons Batty (!971) 
nok;. th.1t goldcn-~cction :.c;Jrch is ,tpp<:J\tma:ely 13% slowcr th,tn fJbb,)n.tci 
scar.:.h, though it is e:~<>icr to ¡.¡ro!_',ramme for the comput.:r. 

Th:~c.: proct·Jurc~ c.1n als•J te ~.:\cd for !he ctp:,ttio¡Hoh·:n~~ prcbkm of 
F1gurc l!..J(c) ;1nd cqu.ttiun (12 21). t\n C<.jlti•,alcn! prubkrn (.tnd ag.un w~ 
follo,., B,ttty, 1971) is !o minimizc IC(fil- CO"'J. Ho\•.e>cr, othcr mc!ltolls .trc 
<liS<) av,t!lablc for cqu.ttton ~:oh1ng ,¡nJ it is !o thc~c th.tt wc 1:0w t'JIO 

The ~intpfcq ¡J<h,1blc !tcr..:!t\e pro~.cJurc t~ a~ foilows. S11ppo-t: ,,ftcr 1.. 

:,t..:p', our c~tim.t!c is lJ' ThL'n 

(12 27) 

1'> .1 '>liÍI.1h!c .rdJlt,lntcn' pru,·:Jurc J ln\•.cv~:r, thi<; m.ty con·.•:1,;c r.tth,·r 
~1.,-.,J;. o~nd ll;lll.lfl (19<•')) h.t~ \U(':_:L'kd th.tt fur!.. > 1, !he --.c,,·.nrJ-,,r,!cr 
f<~rt,llll.! 

¡¡•. 1 (C"h' - C(/J~- 1 ))/!' -· (C"h' -· Clfi' JJ/ik- 1 

= - ------- - - ·c-:WJ . c¡¡1' - '> ·· - ( 12 ~X) 

,¡,,.l,j,l p:•·,l, .. _t: llliHC f.1p1d L'<•J,•.,:t'• .. , o•l•i "·'·.rd ~>·<dCt't h.1\t: ~111\.'t: 
11·• d IIth lc•-itl! 

Anothcr po~-;¡od;ty ts to uo;c a N e" ton· R.tph:,o¡¡ prot cdw: ! ··: 

pk • t = p• + f.k 

Then 

cur + l) .:=. CUJk +- ¡;k) 

C(fik) + e1 ~e_~ 
of3 ,p• 

(12.29) 

(12 30) 

to the first-ordcr in r.k. Sine-e ·...e "i"h rt6'+ 1
} to be C"h', c.k can be obt:1incd 

from cqu,itton (12 30) as 

~ cob• - cur> 
f. = -----------

(cCjufi>lp• 

and cquations (12 ::~J and (12.31) define a su1tablc itcralÍ\C proceJure. Thc 
dcrivative can be cvdiUJ!cd numcrrcally. 

Thcsc mc.tl10ds can be extended to the L'.tSe whcre two or mur~. p.tr,unctcJ:. 

are !o be c:stim.ttcd. Whcrc m.111y p.tr:tmctcr::. .He inv'olv..:d, the moJd ~y;,!em 
can USIJ,tl!; bc dc::o1npc::.cd m so me ob' 10us \\',1), and the c.!ltbr.ttion probkm 
corrcsponJ1ngly. F1rstly thcn, Jet u~ con,1dcr a (\\0-p.!r.tntckr pruoktn· our 
moJel is a function of p.1ramctas ·:l aml {J, our gcncr,d goodnc~s-of-fit 
stali\!Jcs .tre R 2(r:t_, fi), /(a, {3); the m.nln!um-!1ke!thooJ c4u.t!:<.111 fo: :~: 1s, 
say 

{ j 2 J2) 

and for fi, say, 

( l2 33) 

Thc nnport,tnt pt1int lo note .tt thc ouhct is th.tl :tll thc ~t tti,tic\ are fu11ctinns 
ofbnth p.rr.tn>c:kr~ Th1'> mc.:n., th.t!, 111 J'III1C1plc, thc ¡•.tr.tnK·tcr;, h,t\C lO he 
t:~t1m t!··d ~rl11111t.tn.:ptrsly. Wc ~h11Uid al~o lltJ!C th.tt B . .tt) (1971¡ f,,und th:tl, 
\\lth ,, l\\tl·p,tr tr'lt:lcr sp.tt•.il intcr.tdiun lllndcl, thc re,11t)IJ\C '>Urf.~ú·~ oi the 
gr.ltldllt:''i-<!f-fit '>l.tti'>tic::. \\ere sud1 th.tt nu ollt' of thL·m cuui.J be ll'L·d to 
JL'fL'I 111111L' }-o,¡rh p.tr.llllc'kf:, ~Íillllft.lllCUII~J) (lo\\0.:\t:f, 1f. ,l~ fu.rliiiJIO\IJofcd. 

m.t\Íillllltl-lt! •:f.IJ,>.Jd t:q:t.t!;,ll,~ .trc li''-·d,tltcrc ¡•, ''110.: ~uLh c·qu . .lll'il f,,r L'.l<..h 

p. 11 tille t '- r .. tn.! 1 !· ·: d ti~¡ ,·ult) llt' 1 p J1'-' t r, ·1 lt h '' .1, d '- ,¡ 1, J n , lt .1! cd f,' r l he ,,tille 

mnd..:J b) IJ.ttly ,1!1 J \lrLl,¡c (1 1)/.!j 

fht'i l'i ,tl\ll a (Pii\L''I•Cdl j)tlltll !O IJIL'h!<f..: ,¡ \\,llllll'b ,¡h,Jttl ·.llLidtJlt.tl' 

U¡'IÍI!I.tJ \,tlu·:~ uf 'lllllC gtlrldiiC~,.,¡f fit \(,!(1-.,l'<..~ f,)f ,¡tll'C l>'.<l p.:I.IIIIClCf 

llllllkh .l'l.!,Jll p.rrl1ud.tr, th•: ~l:<lpprll:_; lll<~•kl ,J¡,J\\Illll<.'ljlllll<'ll ( 11'-') lit~.· 

rc.1ckr <.-111 c'.l,rf) r.:hcd, th.tl tf 1 -= 1 .tnd f! O 111 thc '- 1-L' \dtc1c lt; 1' t.tl-.ul 
, .. ~. t 1 (' '..... 1 , , r · 1 1 r • ~ r .l'-. '·J. h ... /1 ',

1 
.1,

1 
~,.H,l) ·' t\f C'' :!1, ''-· 1' 1 lt.rl tlL' rt.'t tlll·'-· -.,ur .1\ ,_. 

n! /\ '¡ '· {1¡ 1' ;!.·.n ¡'e t',.·d 1<>1\ .1r.l, thc rn 1 ,. 11'~11'1 .rl l. - l. fl - O .. 111-i th•' 



lll.1kes R 2 \Írtu.llly u-...:k~~ for calibr.tlivn purJ'l~CS v.ith this kind of nwdd 
Thrs rs .tnt,!her gond r..:.t~vn for u<>ing the rn.1\tmllrn-likclrhood ~t¡u.t~iun:. for 
p.tr.un..:tcr ..: ... trrn.tiiun. Thc 'bogu:. c.lltbr.llton· problcrn v.Js fir~t lh'iClhscd 
111 1 G,), l'• :' rn..:nt P.1pcr on the flo,, ~ of good~ to ports (~1 iuistry ofTr .Ht"I'Vt t, 
1966). 

B.:fo1..: Jr~lu, ... ing how thc uni\ariate mcthNh c.1n be extended, it is usdul 
to comrn..:nt on thc sep.trability of the ol1br.•t;on p10bkm The likdy re-.ult 
(v. h1ch ts hctng si.J ted ,11 thc le> el of conj..:ctme, v. ith sorne cmpr nc.tl back i ng, 
but not :ts :¡cenen! prvtec! thcorctic:tl rcsult) is tlut thc ma\Ímurn-likchh\'Od 
st.tttst:c for; para meter is likely to be rn:n.im;~ 1!_;. indepcndcnt of variation of 
oth .. ·r p r rarncters (though unlikcly to be complctdy inJcp..:ndcnt), but mutual 
dept:ndt!nu! 1s likdy to be the orda of the da y "'ith othcr stati!>tics. 

Thc sirnplcst calculation scheme for a two-paramett:r mc,dcltmolves the 
cornpu~:l.lt•)n of goodness-of-fit statistics for a •griJ' of paramekrs of a. and 
f3 Thc val :es of ry_ and fJ \vhtch opt11niLe the st;_¡listics can be chosen, and the 
c:~mpu'tlrun repc.:ttcd if necess:try for a fincr grid around th1~ valuc Thts 
mcthcd, a!though rarel; the most cfficrcnt, JS simple- Jnd robu~t :wJ h;1s bcen 
much u:;c.' irr pr;1cticc. 

The ub. ¡ous \v.Jy m whrch to attempt to improve this mcthod JS by using 
Flbl·or:Act o-¡: goldcn-section search algorithms.. Thts can be done within .m 
itcr,lt 1 '-C schcn re a-; follows. for given :x, cale u bte fJ u~ing an cffic¡cnt sea r~.h 
proc•:• !ur.:, itcr.1tt: a<; nccc,<;;J.ry. 

\Vlll"n thc m.nimum-likdihood equations are bcing solvcd, tv.o vari.tble 
vcr:,rnr'S of thc aúju'<lmcrrl schcmcs giv..:n by {12 27) and (12 28) couTd C.Jsily 
be dcv:??uped. A two-vart.tb'e Ñe11 ton Raph)(!'l schc111c to ~o!\ e cqu,ltiorrs 
( 12 32) ~nJ (12 33) can be dcvcloped JS follo• ... s. Suppose 

(12.34) 

(12 35) 

.tli<j ft()J¡J Cljll t!l\lll (J2 33) 

C(:xl ¡. 1.~.¡1k +e~)= c·h· 

• i<.l k ~~e~ = C( :/, ¡J') 1- r · - + e 2 
1 L"J. •'.P' ~-,, •'.fl' 

( 12 J 7) 

1 't• . . ,_: trL ,Jflllllt.tncmh equ.tltCtl'< '-' l¡:._h l "r.~ ·,u!'.-_d fllr • ~ ,¡p.\ .-l¿. so th..1t 
•:•:' ,¡; ·¡•, (12 .l·l) (12 37).fnrlll .t \Urt tbk llu .. tr.e ~d1~111c 

12.4. A i\01 E O"t ES'II\L\TI;'\G 'Ui\S.\IOO'IIIED' CLRVF:.S 

Suppose \\C h.td a modd of thc form 

T,; = KO,DJ(e.) (12 38) 

in the usual notation and whcre K is a con:>tant Then the jo1111 of f(c,) c:tn 
be examincd by plotting observcd valucs of T./O,D; agaimt e,r This is a 
plot ofj(c,) up to the constan!, K. More typically, K would be replaced by 
one or more b:1lancing factors, say 

(12.39) 

again in the u!>ual notation A plot of T,/O,D; against e,; nO\v gi\es a pos-;Jbly 
biased picture of f(e.) bccause the A,s anJ B;s are themsclvcs functions of 
J(e,) and are not constan!' How, in th1s situation, can we gel a rcasonable 
empincal picture of wh.:tt we might e\pc:ct to be the function f(e,;)? The 
original calibratton procedure of the Dure.1u of Pub!Jc Ro.1ds ( 1965) for 
gra,.ity modcls h<.:lps ans11<.:r this qucstton. Wt:: ..trc not rccommending th1s as 
a calibrutwn proccJ u re as .'.lldr, but only in th is cont_cxt as a \\.1)' of ::tn'>wcring 
the qucstion r.1iscd .1buvc. Wc illustrate thc method with the modd gi•cn in 
equ.ttion (12 39). Thc aim is to calcul.ttc the 'mean' value ofj(c) for a r.1nge of 
points 'e'. Supposc e var ies, as a labcl, o ver such a rangc, and \\C u .. e the 
notation c,

1
-E e to._dcnote that c,

1 
falls 1n a ccrtain rangc;-Sa)' u(L) ~ ~·; ~ b(c), 

where a(c) and b(e) arc-Jdincd for cach-labcl e As a conH:nttün;-C: ,¡,cff m..1y 
be takcn as the mid-point ofthe rangc Suppo_sc thc rangcs are cxc1usi\re-aJ}d 
exh.tusti .. e· each c,

1
1s 111 onc ant! only.onc The fun~tlon'f(e,) is then Jefincd 

eithcr as 

f(c,) = f(e), ( 12 40) 

or is obtained by intcrpol:tt1on bd\\cen function v.ducs for adj.tCl'lll e~; 

J(e) is obt:tincd .1s follOI\S Aftcr k tlcr.ttions, -;upp<)'>C 

(12 ..JI) 

whcre 

( 12 42) 

d\:l<'nnirH.:'> ·1, aná 

L 1 1 ~. =- D1 ( 12 ·LIJ 
1 

tkkr111111e' /1~ \Ve ,tcljtht/k((,) to erhurc !h.tt !he lltllllhn nf!r¡p, 1r1 tl1e r.Jn¡;..: 
'e' r.·ptodrr~..: ub,.:n.tlillll'i Th.tt ¡,,-.o th,tt 

L J;~ ~~ L Tit ( 12 -l·l) 
(f¡"'< '•¡(C< 



3!6 

for r:.1ch c. This can be Jch•c>r:J hy setting 

fl' +',(e) =- P',(c} ~.,~ 7i:: 
L.;E(' 'J 

(12 45) 

ln this \\ay, \\C obl..tlll an unsmoothcd fun.::tion fk) 'llliS prco...cdu¡e is 
an.do~ou~ tv th.t! oi equ.:tic'll (12.27}, a;1J th~rc is pr·~sum.tbly a s..:.::ond-orJcr 
impro•.cd \r:J)Jon <.znalogous to equ.¡titH1 (12 28). 

Wc m.l)' then \\Í:,h lo decide whcther thc: rc~ultir,g func<ion is 'most likc" 
a negativc npon.::ntial function, or a po\•.cr function or whate\cr, and to 
estim..!te pJr,lmctcrs for a smootho...'d function b) maximum-likciJhood 
mcthods. In thc ~ame wJy as it is unwisc !o carry out lin•:ar !"•'grc,~ion ilildlysis 
WJ!nout loo k ing at a plot qf the obsc1 vanons, it n1.1y be :1rgucJ that it is 
unwisc:: to e~tmldtc the pJramctcrs for som.:: smooth function without loo\ing 
at thc un~moothed functionf(c) ao; calculatcd abo\e. \Ve shall note Jnother 
applic~tion of this mcthod in relation to hottsing cxpcnditun: in Scction 12 8. 

12.5. DE;\lOGUAPl ltC l\IODELS 

Unlikc mcJny other moJel sectors, the dcmographic moúelling sector has 
a wealth of data availJble to it from ccnsus :tnd bi1 th and ccath rcgistration. 
rcturns. Wc cmpha~i7..:d in our discuss1cn in Sectinn 7.7 that the data h.we 
to be m.tnipu!.ttcd vcry c.ucfully to gel them into thc form ncedcJ for 
calculating modd rates and an accounting framework is c~scntiJI for this 
purpos.:. Thcí.:: 1s nu necd to rcpcat that discussion here This rat.:-cstimation 
task is thc main calibr.ttion task for this sd of modcls. Thcre m,ty, however, 
be .h'Jitional task-;, arising from posstblc sub-moJds for b;rth and d.::ath 
rarc,, .tnd from thc u~.: ofa spatial inter,tction moJd ofmigr.ttion Ifa mJgra­
tion ri!'.)Ocl of the fonn d tha t given in equ:niom (7.35) anJ (7.36) is devclopcd, 
thcn th~ st.wd,trd prucedurcs describcd abo ve should be uscd to c:,timate f3'. 
Th.:rc m.ty also be sub- modcls fo.- n11gratio<1 oulfiow ,1nJ inílow(or attr.tcti'tc­
ne\~). the o: and H~ tcrm:; in (7.35), anJ llm may invohc cithcr regre-..~ion 
an.dy,,, or c.ttc:~ory an:tly ... is ,l!lt1 a procc:dur~· .uulrl¡;ou-; to that uscJ ft,r trip 
gcner.tltun Int•:re-..tcd rcadc1~ \hou!d pur\UC' tb·~ Ji~-.:~lY,iun ,¡f -;inH,;l.ln..:ous 
ur ~cqur.:nti.d e,[lill.!IÍoit in thi-; contnl in Scc!ion l2.7, which could .. dso br: 
:tp¡Jiied in princip:c t~ thc~c migr.ttioll nwJds. 

12.fí. EC0'-0:\liC i\lODFLS 

Tite ~..r!,[.r,J!Írm probkm-.. •>ith \.'(lllli>IllÍo...' nwckb are ~ir:Jd,!r in prinó¡•lc 
lo thn·,c 11f dl.ll!<)gr..tph'o...· mndch, nw~tly i111dvn',; r.tl~.o o....tk•!l t!inn~ for th.: 
mp111 •Jir:¡'ll! t.tbk~ whid1 c.t!l th .. ·n ¡;J\C !he 1<.:< ill,io....ll cnr:J!~u•.'llh nc:.-rkJ for 
thc llll'dc!, ht:t thc tl.t!.t p1uhk1<1~ ,lóC llllll.lt ,~ot·.: (t j~ d!llic:,J~ !,; :1''-'-'lllhk 
thl' ,! · · r,, h111!d input ,mtp•ll mutL:l. ,•! th.: l!.ll"•rJ.d ~.:.de· 1!1 !h..: U K, fnr 

exampl~. kt JIOrJ<.: at the urb;.w and reg•nn.ll ~c.tlc. A!mu~t <~h.ty:., dn wb,,n 
or region.tl rnodd can only be bu!lt if a speci.tl ~uney is carried out, as WJS 
th~ c:tsc \\ith A1 rk's (1959) wo1k on Stod .. lhJlm and Morr '~''n's (1972) wurk 
on Pckrhorollgh to cik but t\vo e\:>mpl::-; Faced w1th th1:. situati0n, others 
havc .ttkmptcJ to devise n1Ltl,ods for c~ri•n.!ting rates for local modr:b by 
'adjuo;tíng' in some ~,~,-,y r.ttcs obtainr:d from n,t(Jonal :-r.odds (see llewing:~., 
1971, Round, 1972). 

Separare econorncllic sub-modds n1ay be budt and e~timated to provi(.k 
final-dernand variables in the input· output modr::is. for e.xarnrlc, sec Stone 
(1967). Thcse can be c:tlibrated using 'itaitd;.;rJ regre'>sion tcehllJques 

Uns~Jrprisingly, multi-rcgional input--output mN'cls are cvcn more rare 
than single-rcgion oncs. Whcn, ultimatcly, they are dcvdopcd, then thcre 
will be spatial interaction model calibr.ttJOn problems. Thc nearcst poinl to 
this being rcacheJ in thc U.K. is palla p.:. Chisholnt\ (1971) and O'Sullivan's 
(1971) \\Ork on frcight flows. 

i2.7. TRA.:\SPOHT i\lODELS 

There are two mJin sources of transport Jar.t for model c,dibrarion: 
spec¡aJ surveys, \\hich have bccn comrnon in largc cities in the la-;t 10-15 
years and, for particular tnp purposcs, not.1bly thc jourm:y lo work, ccmus 
d:tta In the U.K., censu.:. work-trip Jat..t are a\.lilo~blc from the 1961, 1966 
and 1971 censu<;es, and for somc are..J:. in 1966 and 1971 thcy are avaJiab!e 
on a re.lson.tbly íine-zonc sy~tcrn. The <;pccJal suneys are usua!ly av .. 1ilable 
for onc point in time onl), but in some citiL'>, such as.london,sccond ~urv.:ys 
are nov. bcing canicd out---the second in 1972 follo1~ing thc first in 1962. 
In general, thr;n, \\e C.lll start from the a'isump!ion that some reJSO!t.lb!y 
good d.tta will be il.vaibblc, in the c.t~c of thc special '>UI vcys co!kctcd 
sp¡:c.tic.tl!y for moJel c.tlihr,ltion, and so we c.tn_plüt:ccd to J¡s~.·u~-; tlwr 
use 

Wc fl1 ~~ il!uqr,ttc thc c.tlibr.ttion prvhkm u~ing thc modd dc,~.nh~.d in 
Sccll\111 fJ -t Fcr cnnvcnicncc \\í:: r~pt'.t! ti!,~ m.,m <:l¡u.•li•11!\ ufthc model-h_cr.: 
In cqu.ttion (9.7), \\C rcfer lo huu'>chold r:,Jr.ego!y lz, ,¡nJ J,¡[r:r w.:: lkfine.thi~ 
to bc.thc triple (/,11, p). whr:re 1 is ÍIKom•; group, 11 1-.. L".lf-lnvnc,-..hip (in thc 
a~~rJLÍ.!tr:d hou-..dtold) .!lid p is the f.llllll)"-\lfiiC!IIrc 11tck\ ·1 hu-.., u'ing th1s 
C\pli,·:tly, ,Jnd .1'>\\llliÍng th:tl "11' Íll 0; ro...'fc~~ lO fl<l!l·C,Ir·•'l'.lllllg (11 ., J, S.ty} 
and ~..~r-o•., IIJn¡; (11 -, 2, ~ay), et¡u.ffi<lJJ (9 71 ,. 111 he v. fllkn 

6 

~~ L o,(l.n',r)T(f.n',p) 
1~ 1 •"•111•1 i'~ 1 

\~h-:re n' E: 1/(n) 111:.1rh tlt.Jt \hl: >111!1111 rt!,,ll '' fur n' o (} r>nly f,•r 11 !, ,¡p,f 

n' .o· 1.2 nr 1! <>rl', f••r n ~- 2 ¡·,p·.ttl• >il ('J -~ 1), '-''''1! f, ,¡ \1 11h tl11. !ltlllihcr t)f 



hou-.cholds,_tf 1, in 7nnc. gt\'e' a.(!, n. p) as 

G1(/,n,p) = l/.f(p)r
1

•

1

P(n!\)¡j>('()dx 
GJ 

( 12 4 7) 

The tnp attr.tction~ wcre givcn in CljU:tti<Jn (9 15) wh1ch is repc.ttcd d11ectly 
here: 

(12 4R\ 

Thc trip-distribution .tnd mod,!l-choice cquations are (9 40) (9 -H) and are 
also rcpeatcd J¡rcctly· 

e -/I"C';', = I e -P"c~J (12 49) 
kE,(n) 

T"" = A"B O"D -P"C';', 'J , 1 , 1 e (12 50) 

A"= 
1 ~~~ BJDJ e -P"C7, ( 12 S 1) 

8 = 1/I L A707 e -tJnC7, (12 52) J 
1 " 

Tkn = 
e -A..,c~J 

T"" ---- --- -- --- ( 12 53) 1) 'J L -A."c"' 
k E 1(11) e •J 

Eq u,111ons ( 1 ~ -ló) { 12 53) ,1 re cyckd th rough scp.1 r.¡tcly for e.!Lh t np pu rpo~c 
and th~~c tnps .u e th~n .tddcd togethcr, comh111ed \\ 1th cummerci,¡J vchicle 
tnp-; (Scct1on 9 5) .1nd bus trips, and are th~n 1nput .ts vd11clc trips to the 
ao;o;q;nmc:nl proccdurc 

\V¡th thc a-;-.,¡;nnlc'llt proccclurc dc<.cnhed 111 Sc·L'!IO!l 9 (-,no c.\llhratlon is 
111\uhcd, e\L~pt .tdju,llll•~nt of ndwürk repr._..,._,lt.illnn o~nd l111k 'Jlc-:d tluw 
ch.lr.•Lkfi)(\C\ to oht.:llt the h,_-,¡ fl<h\lbk fit to \\file no\\ d.tll But th"" lü 
.tdju't thc compnn.:nh ,,fthe lll•l1kl ,1\ '"npl¡fi,_.tll<'ll ofthe re.il v.,oriJ to be't 
fit the JL·,d \\<lild ,1! ",¡.,¡ f'cllc/1/l(/1'1 .!dJU'llll~lll, :111d henL<.: 1~ 1\lll ,,¡J¡hr.I!Í<ll1 
111 tlt~_· ll""" '~n'e Sup¡•n,e then, th.11 lllll ¡,¡,]._ '' tn ~'tlllt.llc thc p.tf.lllld~l~ 
111 ~q ll :111 1>1}', ( 1 .? ·1 (,) ( 1 2 53) ( f, lf c'.IL'h t fl p jllll Jl< ".:, >:\'-._.pi 111 ''<Jll.ll "111 ( 1 2 4 7) 
\\hich "col!lllli'IÍ to .!11 purp<)<;cc,) 

In th._· liip-:·c'Jici.llillll ._·qtLtlioil'. the r,,,~, 7 (/.n'. {')m ( l_' l(¡) .tlhl 1(/) 111 
( 1? IX¡¡, .t \l t•' !,._ uhl.t 11\I..J 1 he d 1\l 11 hu 1 '' ''" nf J¡, Hl ''- J¡, dd '· 11, .111d ._ . ._, '· l()fl• ic 
cfl.lf\llic,,/,)'1 L·"' he oht.!lncd frcll!l lnc .. illl>ll ll'"•kl·. "r ,,, pl1.•1lll1~ llllll:h 
1 he dhtl ¡\,¡¡¡¡, '11> /(¡1), l'(nlx) c~nd •M \) c',ILh h.t\c p.tr.tlll~r._r, 11 lmh h.I\C to 
be L'>l!ll•.tlcd by LIJiliJl.lflng piuiiLtcd_d,,tlfhlill••n of thv-c qllliilllic-. \\ilh 
oh . ,.,,_.¡ "' ,!¡ ·IIIJ(!Oil\ n J¡~ Ullly P'' ,•.Jhk '-'''''i':ll ilil "' 111 ¡J¡,, j'fllU.'-> lfi·,c;, 

when </J(x) hJs lo be c.:~l1111.1kJ from ;on,tl tai-O\\IIel~hip J,t!J, anJ this pro­
ccdure 1s Jescnbed in Chapkr 9) 

P" m cquat10n (12 50) can be c'liiP.Itcd b) thc methods dcscttbed in the 
pre\ ious t\\O ::.ub-~cLltnm, with mc,tn-tnp lent;th as goodnc-.•, ,)f fit stati~tic. 
That is, P" 1s chosen to en~ure that 

~ \~ T""C" = ~ ~ T""''b'C" L L 1) 1) L L 1) IJ 
( 12 54) 

1 J 1 J 

Therc is one unu~ual fc,¡ture ofthis particular modcl C" is constructcd from 
1) 

the modal co't~. L~1 , by eq uat 10n ( 12 49) and is it,clf c~fwzccion of P"- So, 1f the 
right-hand side of equation (12 54) is considcreJ a~ thc 'observcd' value, then 
th1s also vancs with the paramcter Howc\cr, the right-hand s1de varíes 
much more clowJy \\ llQ P" 'tha_n thc left-hand Slde, and no difficuJtiCS arise in 
practice 

We now procced to lhe modal' split cquat1on (12 53). Define, for 
comenicnce; 

( 12 55) 

Then the maxmlllmg-lib.:lihood cqu.ttion, or cntropy-m.txlmi;ing constraint 
equo~tlon, {ci Wdson, 1973) is 

( 12 56) 

and so i." c:1n be found by ~olv11'g this cquation u~ing thc methods of ~cclion 
12 3. 

Th1~ completes our Ji,cu->~iun ofthe 111.1111 '>lruLturc ofthc transport modcl 
calibratllJn piucc-;o;, but a number of otha puinto; nw't now lx notcd Fir~t, 

\\e h,11e a-;~¡¡n¡cJ abo1c th,tt 111 both Cljuation ... (12 50) and (12 53), thc 
ncgc~tlle C\pnncn!J,tl functlon i> be~t Other fnrm, of funct1ull ... ho1tld Jbo 
be tc..,kd, diH.l thc mcthodc, of ScLIIOil 12 4 ,J¡pu]d be uc,cJ to P' oduLe un­
smoothc·d, bt1! corrcctly norm.¡]¡;~J. ernp111,_,¡J flllh.llcmo; for in,pection 
Thuc,, we LuuiJ rewr1te cqu.1tion (12 50) as 

T"" = rt" /JO" D f"n(C") 
IJ ' J a J IJ 

( 12 57) 

.111d "''Lilll j"n(( ~) o~o; f,l]]u\\'- 1 etf" 11 '""(C) be thc e-.,t,nute off"" aftcr m 

\lcp' in''""'~ ltcr.tl!ve (11<->L'Cdllle Then 

\~ T""""' 
Lt"•C •l 

f nfl(m + ll((') __ J""("'l(C} • ~~ __ 
\ r"n(m) 

L ... c ~~.e tJ 

( 12 SX) 



J n Su eh J JliOCCJ1l re, th..: L4U:t! ion for C~, ( 12 49) \\úUJd h.1 \..; In h~ l~placcJ 
by 0111.! whi~o:lJ \.\,!S rn_! :p•:tÍikllt Of t:lc travcl fun..:tion COOscn, for e\:\llipJe 

en · l) 
1¡ = 01111 (c,J 

\ 

or th.-: ,,¡..., i0uc; gcnn.lli7.!t.jon of ~qu.1tion (12 49), which v•otrld be 

f"n(C~) = L ¡r.n(c~) 
k€ ¡(.1) 

After 1: :teps, we would h.1 ve 

j"'>tml(C;~ml) = L j"DI'",{c~) 
le 1 (n) 

and c;J in Cf1113!ÍOil (12 58) WOUfd haVC tO be rcpJ.~et;J by c:¡ml. 

( 12 59) 

(12 60) 

(12 61) 

Whcn a function has been chuscn by th1s proccdure, thcn in ordcr to 
estímate the paramcters of tht: corrcsponriing smoothcd fuac.:tion, the 
m:lximum-Iikellhood c•-¡u:tiion is 

(12 62) 

whcte h is ddincd by 

(12.63) 

A similar proceJure could be <.b.clop;:J for tho: mocbl split furll.:!inn. In 
the distribution model abovo.:, we cho~sef"'1(q to cns,:re that trips for which 
e:) E e equ,dlcd obsnvcd lrips in thc '>:!.me cla>s. Thc cqui\'clblt moJa! sp!.t 
cri~erid, bascJ on the rn,l.\illlu:-!1-fikdrhood cyu<~tion (12.56) woulJ be: 
esti•no~te ¡nu(c) such that · 

/'-floR = --·- [~ ~~ (C:.~_) ___ ·-
IJ ,~ ¡n\1(_.;.) 

Llt.e¡(n) L'J 

( 12 64) 

li'>IIlg .111 nh' 1\Jll.., uutation. 
l fl¡, prrll'•.·lurc t:mph.I\ÍIL'\ !he 111k nf/" 1f(c;) in tk· IPtlol.tl\plit 111•>dd, nr 

e-•"·~. 111 cqultlllll (12.5_1) lt j.; l:lol!C Llf~tll!ll.lf)', ,¡.., !!! tlu.: <.l!~l.oi\·io'li' of 
c•l': III••il 1') _1'-;) ,p¡J (9.30), to tf¡•,j,~,~ illi:'Ilr.:r•'f .1n./ d.·•,.Hnin .. ror hy ¡;·A··~; 
nr /" 11

(: ;) ¡p,f !O ~t:c mo.f.d ';)111 .1> .t -flii•C'Iur: ni Uh! ,]¡ffcr~r,o;c,, in thc: c.l\c 
nf :J.c t'··~, :r, .. : .:\J'fJn .... nri,•; ft:.:'--Uf n. (1r \\h.~ t..:\ el Ct)tilhdl.ltHdi ~~r ~\· ,:, f1u1!l 

sever,tf rnudc', rn thl' e,¡·;~: of !h•.· gcner.tl ft•ncti~_,n Tl>;s cre..ll..:S a fedin¡; th.;i 
the modd, and the n:~ultrPg m.mmurn-lrkelih,)ud fitting proccJurc, !>ho11ld 
pcrhaps be !>lated diH:ctly in tcrms of such drrfcr•:rv:l's lfowcvcr, 11 se~·ns 
prob.1blc thdt an equation of thc forrn (12 62) 1s in auy c,¡,c tt>.: only way rn 
wh1ch thrs can be Jcnc ~!nd all the modc::. tre..1tcd equ..1lly S)'mmctrically, so 
perl1<~ ps in tcnns of modcl jon11 we ar.: bcing sl!!Ticientiy gr:11cral. Thi!) do.:s, 
ho\~C\ er, sugge·;t an altern,ltivc to thl.! fitting pr.xcd u re. We mi¡;llt emphasi7e 
modal chOice bemccn c..tch pair cf rnod::s, so that wc v. ritc (12.62) as 

T'" Mb j"'>~ic\) 
·'~ u·n = -'-L = _..!1_ = --~-'L ( p (;C,:, 
• •J Tk n /ltlk'n J".\t(c~··} 

'rJ •J IJ 

and choose J"u(c) so thJt relative modal sharcs are equ:1l in the moJel and 
the suney. Thrs only prod•Iccs a ncat result ;fthe form oífis such th,lt (12.66) 
can be rcwrittcn in tcrms !'f cost ddTcrenccs or cost rJtios. Suppose, either 

fl2 67) 

or 

(12.68) 

The first c.1sc ario;~'> whcnfis .w C\poncntial function, anJ thc sccond -.... hcn 
j1s 2 powcr fu11ction. The rc:1Jcr c.1n c¿s¡Jy chcLk th:tl, ap::nt fro.n rephcing 
e by .l!lothcr const.lnt, or ch.tnglllg tlic ba~e ofloganthms \\lrcn c,J is r~pl.lc~d 
by log e,, to gct the pol',cr functicn, th~se are thc only functions of co:-.t 
JifT~ro?nccs or co~t ratio~ rcspccti\clj for which re!,ttion,h:ps (12 CílíJ anJ 
(12 67) hold in conjunuion with the mod::! -,plrt •·t.¡u.dio•h (12 ó2) and ('l~.ó6). 
Othcr forrn-; offunrtion could b ... • u">cd in (12 62), but this \\uuld not k.td lo<' 

fundi•_>¡~ t.>f uht dllfc:r~nc..:s or r.ttio-> in t:qt:,tti"n (l2.(i(!). Thc ·~tlfl\'éf~e r.:.,ulr 
is '>ll~hrly diiT•.ICllt: a \\id~ r.tng•~ of funLtinns, ~ o.:o~t drfTcrt:ltu.::. m r.1tio~ 
cou!J be ll'Cd, hut unk..,~ 1t wa.., an t:\poncnti.¡l or pü\\er funditlll, 'O:J'.If,l· 
bdny ,¡¡ thc fM1:1 (!2M·) ,,nt~ld 110t be pn~..,rhk. 

Th1' su¡;gc>l~ th.1t \\C cou!J .tl~o 111\oC~tig.ttc thc ulhcr kind uf.;q'.l'.lbiirly: 
\"e cou!d ~..:ck fundltln.d forn.s :-.uch th.tt 

N H'r. = ¡n\1( •) _ J n\1( >') 
1) ( IJ ( IJ ( 12 h 1)) 

and 

( 12 70) 

or 

·\" ,, ¡ "\l( • 1 .• ) 
l 1j ( IJI ( IJ 

( 12 71) 



Equ.ttJuns ( 12 ó9) and ( 12 70) could only b~: comp.1 ttbk 1f 

Nu ~ = a(( k - ck') ' 
IJ tj 1) ( 12.72) 

for :-nm..: con~tJ.nt a, and cqu.ltion ( 1:?. 69) .1nd ( 1:?. 70¡ only 1f 

N~l~ = a(log(~1 -log(~) (1273) 

netthcr uf'' luch ~A< e shall considcr furtbcr 

Ret u r111 ng to thc m:~ in l1 nc of thc .ugu111cnt. t he com ct ~e L.l~c is lo hypothe­
SIZe th..tt 

Nlk n = FU'n\f( l _ k') 
1) ( 1) ( 1) ( 12 7 4) 

for the co~t J¡{Tercncc c:~sc (11 l~ich is thc only onc ''<.: wlll con~ 1 Jer) thc rc..tder 
can rcpc.1t thc ugument which follo,,s for lhc pu,,cr funct 1on cao;e 1, ilhout 
dtfficully Notlcc th.tt l.tbels k/...' h..tvc bu:-n addcd, 'lncc 111 pnrwplc ._¡ clitTcrcnt 
func11on could be chosen for c.tch Á., k' p.11r The funclron need only be 
defincJ for k #-k' and k > k' (say) In f.tCt, it 1s uscful lo a~surnc that for 
k= k' 

and th.u 

FH'n\f(ck _¿e·¡= ____ 1 ~ _ 
IJ IJ f 1.. l..fl ''(L Ir. - .. J 

IJ (IJ 

lo cxtcnJ thc ddinit10n lo .tll (k, k') comh1n.tt11)m 
lf "'? 'illlll thc first Cl.Jli.!!Jon 111 ( 12 lí4) o ver k, wc gct 

'iO (1<.:f 1 l.ICI11g "'by" anJ k by k'), 

M'" = --- 1 
11 '\' Y''" 

Lk F 1 Cni 1 IJ 

S<l th.tt 111 t~·11m ufthc .nb1tr.Jry funct 1,, 11 ¡.u "''(•' __ (l) 
• 1} IJ • 

Al'" = 
1 

1
1 \, ¡.. ¡" ''( ¡ ~ ( l ) 

L1 F,fttJ <.,) IJ 

( 12.75) 

( 12 76) 

(12 77) 

( 12 78) 

(1279) 

., 1:11, r.lr .111) r. thciC ,, ,¡]\\,!}\ .! 'lllljlk- f<llll!lli.l f,r \/'" I{LL.tlll<lg l'lj'l.lll!lll 
(1~~,..:;, ¡(~,._,,n.d .... obC\'-'rÍULn '' 

111 ' 1 

( 1 ' '. l¡ ,¡ 

1\1'" = 
1 ¿ ( 1 ,_ ,L'(J) 
J 1 + 1 1 1" 1, ¡ ' ,) 

' •• 1•1~ / ~ f ( f 1 - ' 1 1) 

r._,¡¡]¡ W.l\ th.tt lhl\ c.l!J ""¡}h. !1 ,/J ,: J 1ulllltd tbc 'c·p.lr.thlc f01111 
l1 liJe C\jlUIILJlli,¡J filJJLtl<•ll 

Fro111 th~: c.dthr.t!Í<)Jl vu:wpo111!, \\C L'.lll nnw t.tke ( 12 7--1) ,¡, thc lll·lLkl ·¡he 
proccdJJrc f"r ~:~lllll.t!Jng .111 un~nJnotlH.:J funct1on wuuiJ he, u'tng 1 hy now 
obv10u' .trgumcnt, 

'\' Nu "''"' 
¡.Hnlfl•n•ll(L1c) = ¡.-kkn\llmJ(O()f.:c-~,-.; <k 11 

\- Nkl n(ml 
Lclt - '"'e \e IJ , IJ IJ' 

( 12 XI J 

in ordcr lO gL'I N~Jl n nght W!thin c.lLh cn't dtiTcrcntlal brackct, i\c. 
We c.tn 11011 ~UIIlrnanzc lhc pOSitJon rcachcJ on mod.1l spl1t c.dtbr.ttlnn a<; 

folluw<; For thc Ch.tpter 9 rnodcl, rcst,ttcd a' cqu.lliOil ( 12 53) ''e g.1vc the 
rn.tXI!lllllll-l!kelthooJ cqu.ttion to be solvcd .1s ( 12 5.6). Wc h.nc '1ncc ~hown 
how to u~c the Scct1on 12 4 rncthoJ to mve~t1g.1tc altern.tti\C forms of 
functiOil rr wc clwo~c to work Wlth thc moJel gncn 111 cqu.ltlull (12M), we 
u~e the proccdurc g1vcnm (12 65) If 11c chosc a functJonf"''k) 011 th1s ba~1s 
and thc11 \VI~hcd to c,!lmalc the par,uncters uf thc concspond1ng smuuthcd 
fu11L11on, the lll.l\llllUill~likdthond cqw1t11111 tn ~n1vc for the p.Jr,lftll'l<'r-; 
would be 

2: 2: ¿ ."-f~;""k') = ¿ ¿ 2: lv;;""'h"((~) ( 12 82) 
1 ) k E 1 (n) 1 J lE 1 (nJ 

whcrc 

(12 83) 

lf, howcvcr, wc choo'ic !O'\\OI!.. in termo;; of cost d11Tcr<.:I1CC,, thcn th~: mude( 
CLjlJ,I(IOI1 1~ (1 ~ 74) (\\JtiJ lllOLictJ 'ipllt bc111g gi\Cil by (J 2 /l:l) anJ \~C C~llllld(C 
a 11 lllhlllUOthcJ fui1Ct 1011 ¡.-u n 

11(L\() by thl~ prLlCCJ u re ( 1 2 S 1) To C'(llll.l te 1 he: 
p.tl.llndcrs of thc corrc~pomlmg smouthcJ fu11ct10n, thc m.txlmum­
hkcldloPd cquc~tion is 

\' '\' 'v u "J u "( k k ) '\' \~ y u ,,., .. ,,u "( l ¡ ) 
LL 1 1} 1 (11 -- (11 = LL 1 11 (11- (IJ (1 :?_ 8-l) 

1 J 1 1 

( 12 X5) 

lf\\C .nldt!l<liLilly dcLidcd t1ut ¡.u n\f '" F" 11
, th.lt 1'. thc fundlllll.tl forlll \\,1) 

llllkj'•.ll<knt of Á. .111d "-'. thc 'tlllllll.tllon' 111 L'ljll,tlllllh (12X~) .111d (12Xl) 
\~utdd he ~·\ter11kd !<) cO\cr "- .tnd k' 

Tln, CPIIc 1u, k~ , •ur d l\<..11"1'111 1 1f how !11 .tpp1 ~ t he 111L 1 hPd~ ',f Sc·L 1 ion 1 ~ -l 
(¡l thc d: .(¡¡)1 '(lllll .111d lll<'d,¡( ~p11t 11l1 11LJ'> (O C\J'l•IIC !he Llllh(ILIL!il'Jl nf 
,J!(diJ,!(I\'L' ftlllclll)lh f11r thC'C lll1l1J..:Jo;; 

'll'c 'L'L"ll" lll.IJilf Jhllltt '" .¡,,~11'' ulllLt'fll' thc re l.ltii'JO'h'J' ,f ( ~1 tu thc 
, ~ 

1
' 1 1:, 1 ' 1, 1 ·' 1 ._ 11 r 1. t1 f1 1 r 11: !:' " , 1 1 • 11 1 , 11 · .1 r 11 '11 ( 1 1 11 J 1 1, 1 1 1 1 r 111 ti .111 1 1 , 1 '1 1 '- , 1 1 1 e "' 

1!11111 f.,¡ ti:<: lll.,,'._j ,¡, dC,Lilhulill ( ll.ijlkf <) \\'L j¡ i\C·.:fiL'·'") llhftc,llc.J 111 
thc d:,u:, 11'·l 1'f cqu tll•'ll ( 1 ~ (,¡) th 1! ,r lhL dhtrtl'lllll l!J,f, 1 fltllctiPil 1\ 



~h.tn¡;.:d, thcrc is a e-be íor n:pl.tu11,; t..•j<l.lltUíl (124~) \~Íth (1261) lt is, 
hü\\t:H:r, tll:"tllt: clcar in .w cariicr book, (\\'il~on, 1970, p. 34) that .tny form 
offuth:tion could e•· ~"!rbr·~,_¡ r,x rhis l;¡sk. In gcn::r,ll, ¡h~n. we might .1s~ume 
th·:t 

en -· A .. "(cl ,2 ) 
!J - 'f' ~J, ( IJ' • • • 

In the .1bs.:nce of fU! thc:- knowkdgé, wc might re place cquation (12 49} by 
(12 ól), !-lut therc is no rc.IS0n \\hj \\¡t.: should not try f.o imcstigate thc form 
of ,pn by othcr me.1ns Ho\";cvcr, tht• on!y avallablc •.>ay toJo thi;; Í'i lo run the 
ml)dcl fM :.1 r::n:.;c of rp"s :1nd _scc which 01tc giv.::s thc bc->1 ovcr.tll goodnc~s­
of-fit s!atistics fvr tbe model If the go<)Ont>-;s-of-fit sLttÍ'>tics <~re rel.ttivcly 
insensitive to the choJcc of t/>'', thcn thcre would be a ca~c for retaining either 
cquation (12 49) or cqu:>tion (12 61) for convenicnce 

A third major point to be takcn up conccrm othcr pararndcrs which are 
imp!Jcit in thc modcl as stated so f:1r, and in pJrticul:tr thc wctght~ interna) 
to thc gcncralizcd costs e·~- Wc ~ltov .. in cquation (9 20), that 

c!'i = a 1 c~ + a2~J + a~d;J + p~ + J~ (1287) 

whcrc the tcrms on thc right-hand sidc relate lo trJvcl time, exce;;s time, 
opcrating cn~ts, parking costo; and a mottll pcn.tlty rcspccti•cly. Dct.ulcd 
ddinitions MC g1'vcn in Cl>apter 9 .ft)ilowing cquation (9.30); a., a2 ami a~ 
are cocfficJ·.:nts to be cs!Jmatcd. SC\cr .. ll qw::>tium ari~.:: :11 more or lc~s funda­
mental kvcls. For cxample, other function,t! fonm could be tcst-.'d in which 
dt!Tcrcr1t indcpcndcnt v:Jriablcs wcrc us.:d The esscÍttial calibr.1tion quc;,tion, 
!hough, i~ · should the paramcters a 1, a2 anJ ~~be cs:im.1ted simuiUneou">ly 
with vthcr p<~ra:ll':tcrs in the distnbution and mod,ll >plit moJd.:;, or outside 
thc m~)tkl" It sccms rc ... s•.lll,tb!c to obt,tin :.11 k~:st the rdati'vc wci¡;hts :n !his 
way, cven though thc 0\CfaJI :..cnsitÍ\ Íty of CO~t ¡<; !rlp icngtli a m! :nod.d ~p!rt 
:s dctcrn;incJ \\ltltm thc: nwdcl by othcr parJr¡,ctcrs. 

Qua r!ll by ( 196 7) h.1s sho\v n how th..: \\ ·~igh t<; a 1, a 2 .md ~~~ ..:.111 he c~t im.ttcJ 
u~111~ di>,_rir:1Ín.:nt an.ti)'>Í~. The len~~ a1 .:r.d a2 , wh1ch valuc dif!"acnt RinJs 
ofttmc, 1\t:rc C\Pit:<..'>cJ ;¡~a pcn:<:nf.t,;•: of t!IL'•'fllt:, .tnd in tl11-. fo1 111 h,l\1.! bccn 
Uliflll."d (.t'> rd.t[lle Wt:igh!<;, )_" ~¡J!j bt:in,; ddC!IIll!l.:d h.)o l' tlihr.ttiPn WÍ!hÍn 
thc lll•·dcl) in uthcr ~t.udic~ (cf thc SLl.l\d-C Stu.!y, Wtl-.nn, 11.11\J.,.¡¡¡o,, lldl 
;uul \V,¡gnn. (C)(,C)) In th~ SJ-'LNl"C Stlld), a.! hot· adJu,:mcnh 1\Lfe rnade to 
llllpt o~1c thc lit 1n thc tfj..,¡¡ ihutio11 ,tnd mud.d .,pft! tnodcf.., lt \\,1' found. 
fpr L' t111pk. th.tt for tht: '~;'m th( d:.:t1hution m.,,!, l. tl:c tc:t11~ p~ + J~ 
\\ele ho .,¡ ntttdtul, but th..:y "'LfC rl"lloitl'd 1n thc mn.Ld ·.phl mvdd ln 
df<.l f. tlh'll, .,J:¡;htly J¡fTercr:t gl'lll r.dtt,·d Ct''>h I'Ln: u,,lf i11 h\O of thc 
\llh·•l!llllo:l' 

In t!'L ~ ''<.: l'.hac thcrcarcPr:ly to,o.q IJJ<l<k·. 1\t:,h•'U!d ll•l!C th 1! thc rnnd.tl 
'('lil 111• <f..f. ,¡n,J hCI',ú! !he \\;:Ígl¡t, Íll ti·-: f''•!•.i.dt!Cd •~u-1 C_\pl•:'<-.iUII, L".lll I"'C 
',r ·q ¡•.-.¡ h) lo~¡( rcgrc ... ,ion ,IJI,•lj _¡., n f¡, !;. :%5; PP ·77 ~7).- TIH: l!lfl<ld, 

~- for pnson.., of typ.: 11, can be writt•"n 

kn l __ 
p,J = J-+-~:...¡•(c~cf;J (12 sx¡ 

wha.: pk" ¡, thc probabtlity that a pc1 o;on \\-tll tr.nd frnm i toj b; modc k (th<! 
IJ • l • 

o:hcí rnnJc bcing k') t\lgcbr,tic ma111pu ,\tJon gtv<?> 

112 89) 

so that, using equation (12.86) 

kn 

1 p,J •n (ck' tk) + '"a (ek'- ek,J) + rcl3dk,J- )."akJ'dk •• : + (/0 og -- -~..-;; = ). Q 1 IJ - IJ 1\. 2 IJ 
1 - P,¡ 

( 12.90) 

where 
( 12.91} 

The cocrilcicnts in this cquJtion can now be obt.tincd by rcgr.::~ion ·:naly~is. 
Jt rl!m.1ins only to discu::.s bricOy thc calibrJtion i<>sucs whtch a11S¡: from 

other k 111 Js of transport mudcls, such a'> thO>C our!inccl in thc 'f1.11 th.:r 
dcvdopm.:nts' scction of Chaptcr 9. Pcrh.t 11s the dominan!. f.:aturc of thc 
Amcric.111 modcls Jiscus-;cd around equations (9 81) to (9 96~ m Chaptc~. 9-­
the Qua ndt-·lla u mol a bstr.1ct moJe! m o del, the Ch.1rk'i RJ\•crs. A:.;:-.0c1,1 tes 
scqucntial J¡o;,¡ggreg.ttc modcl ,l!lJ Bcn-1\ki_~a's simult.1ncüUS J¡.;,¡g~rcg.tte 
moJel is th;lt thc) ,1rc all dcsigncd so th:ll thcir ~~·1LII11Ctcrs un be c~tun:ttcd 
by st. 1 ndc~rd •:cono.nctric tcchn1qu~s In th~ c.I'>C óft)1c tl:iC<~ c_\JIP~·e~ ~~~·~~: 
thio; c.tn be .. chicvcd simply by tak1ng logs 111 thc lli.tlll t1}0tkl cqu.tt.ons. l~ 1s 
almnst as thvuglt the dc>irc to use such C'-lirn.ltion-ploc.:dur,e-> ~tll :ns ~tmJJOf 
(0111flOIICill of 1ll•1Jcl cko;t:_;ll critcrl.l In otltl:l \\~fl1 '>, thL''C nll'd~l:; ,lf)<;·C· rrll'l~ 
a 111 uch mote inductivc (, 1, oppoo;cJ to d-::dur!J\'1.! ~tyk) th.tn h.• ... bLvl lht 
pnlJ'-) in m.,,¡ of thi'> hul)k lf ,1 mMc dcduLttvc ~tylc i~ :-~Joptcd. th 1 "·~1 lr•J'.\ 
more nnth 1,., rhc nwdcl hutldcr !tl w•.fa,r.n:d hi.., p.tr.unc!CI'>, .tnd c-.entu~tl!y 
to dc\clnp ~~~~1-fllLllkl., \\hid1 ptcdtc! p.!l.tmct<:r \,lluv, .h p.trt uf ltto; t)\.C~.t.ll 
thcnry Onc, ,f t he bt:ndih oft he m.t ,¡ murn-llkcltlH)O~ .. r cr1t 1 upy-n:.t \tllllllttr 
,lpprü.tdlC\, for c'X,IIllj1!c·, Í<; ()¡,'¡¡ thc r•:!,lllldC~ p" \llfth . .'h (11' (\\ U(1 l!l

1
C<jti.J(JPI• 

(12 ~ll) 1'> ul'Lillacd hy ,,11\ing thc lll.l\lllltll\l-ltl..drh,l.--ICqll"'li'l'I (l .. Sil, ·111 '1 
its b~.·h.t\ l!ittr ~..111 he p1L.!tltc.! 1f thc fufure \aluc of 

·C ,., L ¿ 7;F;J 
1 J 

(.",lll he pt•.diLtt:d lhl\Cillph.l•iiC>.IliL\\ ill<''kf lllii!dt!l~'¡'lul>lcill f,JI!Jc·r th 111 

,\ p.tr llll•.kf·c,tÍm.I!Hlll p1obkrn 



Ap,lrt rflllll the\~ oh":n.I(I011~. there is nolhlng to be .tdded lo thc rem.trks 
on the cd1br..ttion orth~se nwJds wluch \\cr~ m.td~ 111 Chapkr 9 There are 
r~.d I'>,LIC~ orsct.¡IIC11(1.d \~r::.us simul!.tncou~ e'>lllll.IIIO!l, but \\~ would argue, 
as 111 the discus-.ion on the gc11cr.dl;cJ cnq ''c1ghh abu\~, that somc sep.na­
bllil) 1~ 1101 a baJ lhtng Su!lle .IUthor::. ao,~<'Ct.tk ~cqucnti.d c~tim.1tion \\tlh 
thc h) puthests that tr,tv~lkr::. m • .tJ. .. ~ sequen Ita! choiccs, and smwlt.tncous 
estlln.ll ion wit,h the hy poi h~o;i-; th.t t Ira vclkrs nuke si m u ltan~ous m u !ti pie 
chotees (cr Brand, 1972, Ruttcr, 1972, ror e·umpk), but it can be argucd that 
Such ,\11 idcnt1Gc.11io11 orbch.IVIOUr.d h¡ pothe'>C\ ,,·¡th mcthods ror C'>lim.tttng 
more aggrcg.ttl\e moJl'ls can11ot be m.1de. 

We should pcrhaps nott: finJlly, in rcLttion to thc thrcc cxJ.mples undcr 
dtSL'li)Sion, tlut (WO or thc Inodcls are Jiq.ouregate moJel<> .111J would be 

Ob -

esttm.tted by u~ing hous~hold r.tther than ;onc-ag¡;¡eg,ttcd d:~ta Then, tf 
thc \df IOUS prolJ,¡lJ¡JI(IeS On thc Jdt-ha11d Stde or the~C CljU:ltions drC inter­
pretcJ .h rrcqucrKte~, th~y w!llusually b~ (0 1) va!t.lbles 

It o ni; rcm.tlllS to commc11t on th~ c.dtbr.1tion is,ues raiscd by thc suggcsted 
ffi•)dlflL.III011S to the 'matn~tre.un' Chaptcr 9 modd 10 et.¡uat!Ons (9.108) 
thruu:_;h to (9 128) Thc m.un l''lle r.tiscd In equ:~tton (9 109), ror CX:llllple, 
\\ htch ts / 

(12 93) 

IS t lt.t t 1 he p.tr.trndcr is now a ru nlt IO!l or 1 Thc m,txirnu rn-11 kclthood ~quation 
\'iOU1d b~ 

'1¡"' J P"cP" = '\' J"P""b'cP" 
L •1 '' L ,1 lJ 
j j 

( 12 94) 

On !he r.tLe or 11, a l.trgc problcrn has bcen crcatcd b~C.ll!Se c:lLh cqua!ion 
conl:lJil'i a!J thc /]';"'> Howcvcr, this should not be too scnous Wc could 
UC\I'>e .In itcr.tiÍ\~ \Litcmc as roiiO\\S" l.tkc ~OfllC 'id or<;l.tltlllg v.!lucs ror th~ 
fJ;".., (s.1y /ii" "'' {JP" obt.tined in thc uo;u,!l v..ty Wtlhout Hkpenckncc). Thcn 
sol\ e C.l• l> ~qu.ltl011 ( 12 94) ror {J';" kceptng thc othcro; Ú\~J Thcn rt:peJt with 
thc lll\\ l'.(llll.! 1C'> and !>O on COil\'LfgCilLe ~hou!d be r.urly r.tpl~l. An 
.111 ¡J,,~ . .,,1.., pr.~Lkm anJ ~olution \\ould :1r"~ \'.lth i;'" 1n cqu.tl!on (Q 11) 1r 
11 '' 1' •kudul lo kecp the ion th~ )~"-

1 he ,¡¡.,¡~·~:lcT.!k ÍlllH.kl giVL'I1 by ~qu.t!JcJit (9 1 ~·l) (9 12K} prc::.~11h no 
'1''-' 1 ·1 í"· hl·.rll'- llowcv~r. 1r h \tlll r,rerr~J tP an tmlt,:du.d, thcn1t would 
he L11 l"ill 1' \ l•l <II•'Jl /¡ rro111 {f 1

'" ,[IJU i~'" .tn.J (¡) C'>[lli' >k {fP IP by \OI'IC(IJIII'' 
.. 1 IJ 1' IJ .,J 

¡,t._ 1. ·•t r,:-r,.,,.ql .111.tly~1~ 011lt.lll,,ll·•l·l di!1, p• .,1h!; L:rr)1ng 1>UI the 

1 2 X 1 O< \ 1 1 e ) "\ \ 1 O () 1 .l .S 

\\'._ ll•1'' !t1rn lo the l•ll.t(Jilll rtl'"•'· !, ,,r Clt.•¡:t·:r 10, bcgtrtiiÍng (,.1th 
fL 1.! ·,JI•: 1 •.'ll•>iolll•'·.kl, lhcd.111rL ¡1,., !!'LI ¡,f•rc.t11hr,dl•lgth..:-,IJ11pkr 

spati.t] inicr,\CI!On modds are very sirntl,tr lO tho~c or JOUrney-to-work 
tran~port modelo;, for obv10us re.to;on'i, ami are tl';ually c.t~tly me! Data !S 3 

more ddllcult problcm ror the dis.tggrcg"-tted moJel<; whcther or thc spati.tl 
inta.tction¡'a,,tgnmcnt typc or tht: ~cnnomic thcory typc ft thcn kcornc·; 
nccc~s.try to ha ve dat.1 on hou•,cs by loc.ttion by typc, and pnc~. ,tnd job~ by 
loc.ttion and w,tgc <~s indcpcnd~11t >ariables. Since thc dcpendt:nt v.tri.tblc is 
T.~"', observations of this are also nc~dcd for calrbr,ttion purpo<;cs. Thcs~ 
sorts or data are not readily available and, idcally, spccial survcys .tre nccdcd 
Thts is oftcn not posstblc, and more makeshirt mcthods ha ve to be u~~d; 
'cstimating' obscrvcd values of T.~" by making conditional prubabtlity 
assumptiOI1S, ror instancc (and roran cxarnplc or this, scc Senior 3110 WtiS•lO, 
1973). 

Whcn the data is available, the cahbration problcrns Me rdativcly str.llght­
forwc~rd For thc simplcr modcls, thc proccdures outlincd in Scct10ns 12 2-
12 3 ror onc- and. two-paramcter spattal intaaction modcls can be uscd 
Mcthods analogous to thosc of Section 12 7 for transport modcb could be 
uscd to invcstigate the possibtlitics or using alternativc function.il rorms ror 
attrJctiv~n.css factors :J.nd cost functions. Thcrc is. also scope hcrc for in­
vcstigating a varicty or possible mcasurcs or attr,Ktivcn~ss as well as 
functi~)IWI transrormattons or wh<~tcver mcasure is used. 

In the ca~e or the dtsaggrcg.ttcd spati:1l inkraction modcl, th~ pritlCtplcs 
are sirmlar though now, of coursc, thcre are more p.tramdcrs Th~ s1mplcst 
ex~trnplc of such a modcl was tlut gtven in equation (1040): 

(1295) 

Th~ m.txllllllm-ltkclthooJ cquation ror P'" is 

(12%) 
1 J k 1 J k 

111 th~ USU,t] W"l)', anJ ror JL'" ÍS 

I ~ L: ·¡;~--[p~ - q"'(w -· C:)f = ¿ ~ ~ 7,~· .. ·~>·¡p~ - ¡('(\\' -- <)12 

1 j • 1 J t 
(12 97) 

1 he li\U,tl c.tltbr.llll'l1 ]1f•ll"Cdur~ i~ lll (.tk~ ,1 \d of -,(,tr(Íng v.tliiL''> ror ,¡(J (]¡~ 

jJ" .tlld jl'", .tm!thcn, r,Í\ell thC'>t:, lllÚild {f~ ,t!ld i." rnr C.ll (¡ 11 111 (UIIl ll'>lllg th~ 
!W0-\.11 l.tl•le Ne\\ ¡,,n R.tph'i111l pr<h:L·,Iur..: or eqll.l[IOih (12 J-.1) ( 1 ~ J7), .llld 
thcn 111 r~..pc.ll the ~..yck \\ltlt !he flc'W \,tille\ unttl .1 "•tll!.thk L"lll1\cl!_:ellLe l'i 
aLhÍe\ed (lor .111 C\.tlllpk, -.ce Crtpp' .1nd Cll~r (1'17~)) 

Ag.llfl, .tl!cr 1\,l(I\C Cll'>l rundl•)l\) COttld be e'>IÍJil.ltCd u,ing !he 111Lihl1d'> ur 
Scdltlll 1? -t. ,lltd 111 thl~ C.l\~, .111 .tltetJ!.lll\e rullllltlll.tl fn¡m r.,r the hud¡_;d 
pr!Le ter m,~· ••"11'7 ~· t~ •,,JI' C•luld he 111\'C-.IÍg.tlcd 



Ddlnc 

_L -- J-;.·(,.,. - e') 
~. ~ •; (12.98) 

,,, 1 1 ! 1 _¡J_,._l • • ~ 
hC Cl•lloL t 1e11 fCJ' .1CC C ' ln CLjU.I(JOo1 (12 95) by j"'(v, "') \\hCiC f'"(v) 
.vas U~[CII<l'P·:d by .1!1 i!t:r~lfÍ\t' ri\.KO:':>S in \\Í!!Lh, aftcr !he mth itcr.tiÍo)fl 

(12 99_¡ 

Th.:: cconornctr !e llhldcls of ~..:s:d _·,;tial b.::.ttÍc'n m.::ntioncd in Scction !0.:: 6 
1 1. }¡ b 1 {' • • • • •1<1YC p.tr.trn•.:krs \\ 11c •, y uc•J!lltton, c.w o•: e;ttm,tt..:J by stambrd pro-
ccÓI!t:S In the case oithc ccon.Jiilll.. th..:ory appto.tch, as rcp¡c,cnt..:d by the 
H•;lb..:rt-·Str.:v..:ns' model in cquJ.tions (10.i07)-{l0 109). thcre are no vis1ble 
}'df.lnUer~ in t!1e moJel, but sorne ;u.~ imolictl in tire Jd1tlition of the b;d 

¡..::nh b:" It is conH,·,;.n, foc c .• :Hnple, to.asst;me a imear Ívr.u for b~" and th.::n 
to csttm:1i.:: thc cod1ici<:nts by rcg¡,·~sion an.lly~ts t•-;ing ,~o:tual rcnt d.tLI Such 
a prou.:durc would .tlso ha v·: lo be u sed to c,uim.ltc b;" in thc intcg1.ttcd moJd 
prc~c1:tcd in cquations (10 l l0)-(10.ll3). But also t1tc p.tr.tnKtcr J1 would 
ha ve to be c~tim .. ttcJ, with 

(12.100) 
1 }¡ " ' 1 • 

as ma\i• .. um-likclihooJ cquation (cf cquc~tion (10 1!3)). 

Wc un now turn to modds of the utdl.t.ttion of s.:rviccs. Thc mo~t 
•x•nJmc)nly-uo.cJ mo~.lcl in tlm Jicld Í<; thc ~hopping mc.Jcl ami, c-.cn· for 
shopp111g, !he d.1ta :11..: o~tcn poor The only 5:,_,tcmatic d.tta i•1 thc U K are 
providc:d by !he Ccmus of D;:,tnbutJon, whu.:h t.tl:c~ pl.tcc spa<;m•xiiuliy, 
<PHi 111 .;¡:eh,¡ way lh.il SUC'CC~SÍ\C Ct'lhU,CS :!re f,tr::iy C0111p.lrabic !nf0rrn.\­
!llirl <)11 hou~ing t:\p~ndtturc or shopptng good' ~~ av:ul.1blc frorn the F.11ntly 
E\pcnditurc Sut vcy lnformation on ~hopping t¡ ip~ is only av.til.1hk fi·Om 
~r..:ci:l -.ur\..:;', .tnd u,·ually in pac,_,n-trip l'"l'S r.tt!l~r !h.tn shopíJÍn~­
cxp<..~hl.ture un1h. Somc in!craction do~t1.-Í\ vil:tl to sh•Jpping :nv.kl 
c.tlthl.tti. n ·", \'.tlh•:llit 11, thc only gcndnc,~·of-fit \l:ttt~tÍL~ whr .. h t.lll be 
u-.cd ,¡¡,; tll<).,t: wl\!l_h \UfTcr from th:: :x = 1, {J =-·O 'hogu·; calthr. ti;·,n' 
prPh!un In t. 1 .tLtion .tnt.l oth.::r ncc.·,.,.¡ry d.I!.t piUh.tbly cmt!d b.:: obt:llt]::d 
fo¡ a r.t.l, ~· nf ¡'IIhl11.: ~crvit.L''i, hbr:tn:.:~. h~.dth ·,e¡ Vlu:-.,, \"-.:lf.Jrc 'Cf\ Í<..•:., .Ínt! 
'u <lli, frc lill 1 ¡,_ L·r., .! nd fCLord ... nf V.JIIOih 1. "'d', bu l thc·l \.' ,, ht t le C\¡J<..I ¡o, ;1\"C 

of lll•;,L :!'"L' 1:1 d1t:-c: fidt!-; D.tl.l are \.\Cll 11!•110..: tl.tJi._ult lo come b) fur 
1r1!1.·1 jllt~.lt·· ,,·rll<..<:,· h:tnking. kg.d .~1\IL_.\ .111d •,o Pn 

lf d . .r,• ·- 111 1 : ,, ·' 1nblcd, and .1 ·.p.tlt,d !lll·.:r.·~.t:• 111 1::nd .. ·f ¡., t•J he hudr, r;•c 
·~..dd'1 ''""''''·, "-.:l.tl<_;htfdf\,.lr.f .!1; l h .. <, 111 f.·d. '· .. en ,:l.,l':·."-'1 ,h thc ¡, t'>l<.: 

e\ 1•••; '. 111 <:;.di· ·lh 12 2 ~nd 12 .l 

ít only r~m.t:ns tn :ncn~ion thc rnoJds ofth\: loc.1t1on of cconon:~c .lctJvJty 
in S~Llll'fl 1 O 7. S111cc thcs·~ .uc all cconomctnc modcJ..,, t!"!cy c:H: l--e c•.tnn.Hcd 
by stanLI,¡rd proccdurcs 

12.9. A ~O 1 E 0.'. GE:\EI<.\L MODEI.S 

rv!o~t gen:::! al m·~dels are likcly ta be a<: ... cmbl!e:; of putial modc's "'~10~~ 
ca1Jbr.1tion pr~.1bk11'S \\t: h·ne bc·~•1 disct.<;SÍfl6 above lftho:: rnodck .He linl:cd, 
howe\'er, as are the rc~ldcntial-location medd and th<~ scrvicc-sect<)r modd 
within Lo\Hy's gcncr.tl modd, th..:n in thcory thae is a Jcg1 ce of inta­
dcocndcnce of the pM.lmetcrs in thc difTcrcnt rnodds This is no d1ffcrcnt in 
ptinciple to thc mtetdcpcndence of par:1n:etcrs in a multi-p<:!r.tmr:ter p.:~rtial 
model and can be handlcd in the s..1me w2.y, using an itcr.1tivc proc~Jurc 
This has becn done for the Lowry modcl by Batty (1970), "vho found th.lt 
although thcre was somc rclationship betwcen the par<~mders of thc two 
mam modcls, this was not particulatly strong, and the calibration ta~k was 
stra igh t forward 

12.H~. SO\IE SPECI.\L r:~OCE!JURES 

Thcrc Grc m:1ny spcci.tl al1Ll altcrrut;vc proc¡;Jut:::s which C3n be adnptcd 
for modcl caltbr.ltton. and test in~ wtth!n thc gcner.d framC\\Orl-. pn:~cntcd in 
th1s scctwn ivf.1ny ofthc pFOccJurc" outfincJ abü\C mvolvc ncsts ofttcr.tt!ve 
e; eles. '!:1oth in C.!l!bration, anJ \vithiflthc mc.lcl ihclf(fur o.unplc c.tlculati_ng_ 
A,s Jnd B

1
s). Tb .. sc itcrations c:1n be vcry timc-consum1ng on thc cctnputcr, 

and thcrc is m1Kh ~cop.:: for itnc~t;~.1ti.1g ,!ltcrn,\tlvc w:Jys of str<tCtuJ ;ng !he 
ita.ttton in an atki<1pt to savc time Two e\:Jmp!r•; are prc~.~;¡tt.'J h.:r..: fir··•, 
c1n appro-;Ín'.\tion used in thc c.tlthr.ttion of thc di~tnhurton mc)tkl 111 thc 
S[LNJ:C stuJy, and sccnnd, a POn-itcr.ttÍ\C c.ticul.•tÍuq for soh .ng thc 
m.D.inwm-!Jkchh"od cqu.:tiun for {/m J Jistnbutton modcl Th..:>c 1!'-.:tf>,,Js 
wdl only he 0utlin.::d h..:rc, .tnd thc !t',!<kr is rdc,¡~.·J to thc ori¡;in.ti l'·•pcr,; 
fcr tb..: JcLid'. 1_:-y WJ!.,, ... n, ll IWKill', lltlf .tnd W.tgtln(l<Jm), .1nd l"\,lit-{1'>71) 

ft:'>p•:lli\dy. 
In thc Sfi.NEC C.l'c, thc proi1km Wd'> the tÍr!Jc i.t\..cn up d•• .. g thc 

itc1.ttÍ\C c.tlcnl.J!IPll f,)r, 1~ .llld /1
1 

111 .1 lll!ldd of thc f\lltll of cqu.tlt•':l ( 1 ~ 5ll) 
w1th (\10-p<:r~on typ··~, <;O th.tt thcre \\ere {\\1) p.tf.tli'c·tn~ lo be l''>!Ínttk<i, 
Ji1 .1nd {1 2• ·¡ b..: <..''>,Cil<..~ ,,f thc pru·~cdur.: :td<•pt~.·d 1•' rcltclt: the 'illl •:1• 1 11 \1,1~ 
to ~.tl!hi,LIC (t:Ltl i,, 1\l tllll th.:: 11111dd fnr ,¡ r.lll!_!<.: ,¡ /1 1 ,tltd fl~) 11,¡¡¡~: .l ,¡n~:ly 
CO!h(f,l!ll<:.J lllOtk!, \\llh !J1 ~ fi\L"d ,!( (, hlll \IIth /)

1 
rq>l.tLc·d h)' {//)

1
, \IIJLfC 

fj; \l,h ,~ht.lli!~d ff<Hil I'IIC duuhl} Ctlll,(f,III!~<J fllll l he h<'¡'.; ¡, lh.tl th•.: IJ 1 ~ 
.trc rcf.,¡¡•.,iy lll'Lll'·t:lle ¡,, I.Jtt.Jti<'ll' 111 {1 1 and JI~ 1 hcn. of u>IIJ'e, lin.tl 
l.lftt-, CJf f! 1 .'•id {f ~.lll be Lit<.·d.c·d .'Pd l.<IIJ,"dt"d \\\(}¡ II'•Ho_· ,!,.,¡!,!] (< ,¡ 

\lL!II;,_•! : l!lh ·¡ !t,' (lllll< ,J 011: (P 1 C: l ll'l fu( lil'l• .,¡\ ,·:·: ¡ 1 ",< ·f'l:•_ 



Evans (1971) is conccrnc.l w1th a ma\IIIIUIIl-!lkdi110od cquatlllll oi th~: 
form of (12 54), but ~t.ttcd .ls follO\\ S for on~-p.:rson typl!: 

C(ji, 'I ¿ T,J.ciJ =y ( 12.1 01) 
i J 

\vhcre y is the oh~ct \c:J v.duc and the cquation IS to bl! sohcJ for f3 The 
esscnce of thc mcthod is thcll C(/3) can bl! Ccllculakd from C(O) and the 
rlerivativ~:s of C ey,¡Ju.\tc:J at f3 = O in a Taylor expansion: 

dC(O) /3 2 d 2 C(O) 
C(/J) = C(O) + f3 -dp- + -2! -dp2 -- + ... (12 102) 

H1s papcr contains cxplic1t formul.1c for thl! dnivati1cs up to th~ ll!nth orJ~r 
Ií C(/3) m ec¡ultll'fl (17 102) 15 repl.lccd by thc ob,crvcd valuc} fro111 .:c¡u.lt1on 
(12 101), thcn th1s ¡;i\l:s a polynornin.d equdtiOn in f3 \\hich ca~ b.: solvcJ by 
any of thc standard m~thods The numbcr of terms n·~.:d.~d 111 thc Taylor 
exp.wsion can be .:·dilllJtcJ by looking at the fir~_t-orJ.:r apprn\in, il1nn for 

f3. 
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!:'n 1 ro p y -n W.\" i;n ;_-Jng 1 nc tlwds 

í he p1 lllCipl..:s :tnJ 11s.::s of c:ltrnpy-111:1\Jmi;,ng llllll'nd-; .11..: ,f. ,u 1h•:d in 

:llll•lhcr hook D) !he author (\VIlson, 1~70) ;¡q<J o:1ly .t bltLf pic'•,•JL:liun ts 

gih·n hL'IC ·¡ Í1c llh:thod::. 1\111 he uutlmcd in r..:Lttion to >¡1.it·.d 11'1, l,llfil)n 

mo.Jd\ thoi1~h 1 h..:y <:u:ild he .1 pp!i..:d mo,·c \\11 kly 
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frL'íjllu:tly u~cd in th..: rt:~t (•f 1h...: l;•..Jok, \\ere h,t<;c-d nn tl1...: tli!CC ,:, .tnnpliOllS 

l'í 1)-(ó 3) Thc l',t<;Íc •;l!ll:J!Jonl~ ¡Jl¡¡~tlat<:d in Fi~~urc Al 1 Son•...: inkJ.lCtJon 

o ------ ---~~- --------~0 
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'' thc JtJluJn•.dto~lc, or 111L'O kvcl, \',e o11<.: <JIJly lllklc~t<.:d in th..: h>t t1 I'JILr­
.tl !ton LOlllillJtg 1nd1\ Hlu.ds, :1~ '>huwn 111 F\;urc A 1 4. 
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At th~: macro leve!, our onl:(tc~triction is that {'f,
1

} should s:Jthf) th..: t;J\, n 
con~tr~l'nts (Al 1)-(A 1 3) Clc.nly, thL·rc :1rc lll.lll)' l"Icro-st.dc-;, · ·,·i:;t::tlLi~ts 
of IIJUÍYldu,tl<;, W!ltch [;IVl: risc lO a gÍ\·Cll lllCSO-<;(;l!c, ,JJ'd llJ,\!l)' tl1L'~.o-~l.lkS 
\>]llch ¡;ivc rÍ$C lo th-: gi\t'n m.tcro-statc, .1<; lndJc:lkd in f1gurc A 1 2 \\'e now 
makc tht: <~s~umptlPll r!tot ull 1.1:uo-~tarn (•,·it!tm rhc re\llltfllill•ifr!t'-' <11, •,·!! 
1/J¡JCJO-CVII.~Ii<llll/',) 01(' L'<jll1 1ffy pi•! ,.[>fe fllL'll, t!Jc ll!OS! p1u! ·bk !•\C,,1-•LIIC 

IS lh:JI \\llh the gJt.:,\lc~( lllll~lbCf of lllÍLIO ~t.ItC~ .l''•:cÍ:!ICd \'.tlh 11. 

Thc nu•nbcr of\\,l)S ofa~'iglllllg illdilidu.d~ to thc b<>\C\ of rlc.U!C ;\1.3 
:~nd g1vin¡; JISt: to {'f,,} l'i lV({'f,

1
]) \\ hcrc 

T! 
wrp;)) = ,-r· j·l 

IJ IJ" 

(.\ 1 ~) 

It l.Jn h: ..,J¡ü\'.J1 (WJI,t•n, IIJ70), tlJ.Jt 1f log ll (~·¡;1 :) i~ J".J\IlllJ'cd 'tthj.·ct lo 
lht: l'llll~lr.tinb (:\1 1) (Al)), th .. ·n tht: rc~uli1ng ['1;

1
: h.l'> LkllJCiil'> !,!lll'll by 

( ¡\ 1 5) 

1 = ]¡\~ /J D e ·f!c,, 
/1 ~ L- J J 

j 
~(·\lfl) 

(t\ 1 7) 

: <ttLihilu'll'lt.tlllh(•\ll).trHI(,·\1 1 ).1rc,.lt:,ficd,ami{Jisthci.,¿;J.ttl__:J.tll 
Jl!Jdtr¡1ltcl .t,"HI.ikd \.Jth (•\1 3) Thts IS tht: Juubly cumlt.~, •cU JJH•dcl 
J'l''•'l\ulll!L•i'l.lti,•lls (616) (61:1) nc,·pt th.1t thc gcncr·tl fumtJnnf(c.) 

l ' J f . - f!r, IJ.J'o ho.l 11 tLpl.:luf 1)' (tl<.: I>•.:;.J\1\C C\p<>lllii!Ja llllC(IOn, C 1. 
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USE OF A LOWRY-TYPE SPATTAL 
ALLOCATION MODEL IN AN URBAN 
TRANSPORTATION ENERGY STUDY 

JERRY L. EDWARDS 
Department of Civil and Mmeral Engmeermg, Unrversny of \-frnnesota. ~.1inneapolis, ~IN 55455, U.S.A 

(Rtcmed 3 June 1975, m rewedfomr 21 Apn/ 1976) 

Ab;tract--fhrs paper descnb~s the slrudure of a Lowry-typ~ spaliai allr,catron model and tlll' result~ vf U>rng thc 
moJ~I to evuluJte ;e~erdl Jrffer.:nt h)pothetical urban fonn, ~~otth r.:>r.:ct ¡o thc leve! of tra•l'>pnn.,rro•l ener~y 
consumed tn urbJn passenger travel The Lowry-type modeiY.~s u .. ~d to~.:thcr wnt: >tmple 'lloJ.:Is oi trtp gener~uun. 
moJe <.'húr<.:e Jnd trrp."''gnmenttu produce reJJt,ll.: land·U\e ~allern' anJ <.har~ctemllc trdvti h.:h.1vrur rn Cdch '''Y 
lnterwn~l trrp r.11lrlces v..:re computeJ for eJch of five trrp purpll .. es (~~ourk. t~~on t)pes of 'hopprng or ;ervtl.'é, 
nt>n-~ome based Jnd socrJil .. td, ft>l!t>wrng the as>rgnment of trtps to the network. energy mJdds fur auwmob.l.: as 
well o~s tra~>~t .. ere utrlrzeJ to ~sse~\ the transport~rton en.:r~~· con~umed over Jll tnp purp0ses rn eJc'rúf >c,~r.tl 
dtrT.:rent urbo~n spatlo' 1tructures 

lllffROI>UCfiO'i 

1 he uroan tran;portation pl.tnning process m the U.S. has 
tro.~dirion.tllv re~pondc:J lo ch,wgc:s m urban and regtonal 
go,tl, and to shifrs in the characteri~ttcs of the poltcy 
environments in whrch the~e proce~ses have operated. 
For e~ample, crrrrent is~ues relaled to commu'ltty 
dt~ruptivn anJ envtronmental/e..:ologl._al ddmdge wrought 
by !he con>trl!l'!t.Jr. and opcr Jt:on Jf, transpvrtatton 
facilrtres are:: now treateJ a~ very tmportant elements in" 
the developn>ent of an urban transpÓrtatron plan One 
need on!y mentton as ev1dencc the' number of c:nviton­
mentdl 1mp:Jcl ~t.tlt:menb WDich have been wnrten, 
pur~uant to lht: re1Jutrc:ments e~tahli~hed in the Nattonal 
Envtronment.JI l'o'rc~ A~t 0f 1969, and dc:aling wnh 
federally linam:ed hi:;!hwá~ pro)ects having potenttally 
delc:ltrtou~ enviror.mcnta! etfc:ct~. 

The considerar ron· of env1ronmental issues has been 
incorporated in !h~ p'.tnntng procc:~s and wrll no doubt 
rem.1in tmportant rn the future. However, the 01! boycott 
of the UuueJ State~ tn lar.:: 1973 nnd early 1974 suddenly 
bwuglrl to .light a prot>lem wh1ch lhreatem to over~hadow 
in impopi1n~e .tll uthcr lran~port planmng 1ssues. That 
proble¡n ts hllW tu tlc.tl w11h a cun~tramt tmpo~ed on all 
tran~portatton ~~~tem~ frorr 1ho: shortage Jnd dwindhng 
supplies of fos~rl fu.:ls Although fue! avarl:~billly is not 
c,urrenlly a nta)or t>We. i11~ c:car lhal U.S t.lc:pcmkr.ce on 
crudr: oi! from the \lrJJie EJst f,or much uf tb fue! necJ~ 
could, 111 lh<! ev::nt of a renewed boycott, once ag;ur 
crc:ate seriou~ energy ~horlages. 

Essentially all of the p1.11i~y cption> considcred in the 
U.S. duru1g the 1.1~1 orl ~n;h~rgo were ~hon-run 10 the1r 
outlook. Clc:~r:y, a more: effel.ltv.: nHx -Of !JOiicu:s and 
acttons would adJ¡e~~ the long-run nature of the problem 
a~ we!l. lf publ1~: pnlt'Y r~ to re,pnnd to wiJJt :.tppear~ to 
be a long-run rrJb:em w11h an .tprropllatdy lc11rg·run 
solutivn, then therc tS strtlng logre m ;~ttemp!1ng lo 
under'it.llld the fund.rmt:nl.d rcl.ltton~rlp~ bc:tween urban 
~~:11r.r 1 ~tru~:turc ·'"" cncrgy conwmcdm url>an p:l\St:ngcr 

1 '" 

travel. This is becau~e the dem;mJ for travclt> "<.i«:'lved 
dernand. and the sp.1tial arrangement of urban :tc!t\Hte' •~ 
a funJament.ll delermtnant of th;~t dernar.d 

The researc h to be descnbed 111 the >Ub>equent ~ecuon~ 
w;~~ founded on the premise that lhe strut lur~ o~ urban 
br.d-usc and transport n.::twork'i .:an h.ne " •c:r1 
\tgniñcant effect on lhe conwmpucn r.t energy 1n urb,\11 
pd~>C:II!;t:f trdvtl lf th.:: m<rgm!ud<: and orre~:t1on o1 1:1.:-.: 
eifects could be d1scovcred :¡nd J,l\.·umc:n:ed. 'i< rne ~!ron~ 
gurdance m1gnt be provtdct! for furur~ long-term D•titly 
developrnent Toward lh:\1 end. a rr.a¡or >tu:!~ w;¡s 
undertaken to ex.Jmrne the travel reqtnr.:rr.c:nls ~mi tl1c 

transportattcn energy ch<~ractenstJCS ,,f many .1llerna111 é 

utbJrJ spat1al structure> (Edw:~rds, l')i5, EdwarJs und 
Schvfer. 1975) The purpo~e of thts p:1pcr •~ hJ de,~rtl.: 
the structure of thc sp:~tial alloc.ttion moJ.::I and to pre~ent 
a statistical analysis of the re~ult) of thc e\p.:rrments 

MOOEU:>.G STIUTEGY 

At the outset of thts study, two fe.ts1b!e str~!legte~ f,,r 
conductmg a policy-onented tme~ttgJtton were con~l· 

dereJ. One way was to gather exbtmg d.tta on lan,l·u~e 
patterns and tr;~vel bel,avtor fwm cur·ent melropo!11a1 
transporta!ion planntng stuJ1e~ However. such .m etfl>rt 
would enwil great expc:ndi!U!C> of t1me and e!Tort tn 
g:;.thering anJ manipul;,ting wch c;,!a 5•!1). r\nolht:r 11 .1~ 
wa> to !re;~t lhc problem tn ..u1 enrtrel~ <.:h\tr<~,;t f,,)hiun, 111 
wht.:h mathcmalil'al progr:J.mnung techniCJUC:. are u ,,;J 10 
allocate person> to restd<:nce) anJ emolovecs tn wor!, 
pbce~ in a way th.Jt opt:"!ltlC'i a g1v~n tr.tvel-re 1.!tt:d 
ohjective. Such norm.rttve :!ppr.n.:hc~ 1} p•fy lht mvestrg· 
arion~ of Hemmen> ( 1967) .•nd DJn!Ltg and SJ.1ty (197'' 
wh11:h rc~t upun the a~)L.mpuon of a~gtc;;ate uf1li111Íllng 
behavior: yet, n r' unltkely th:lt pa,or, hchJ'IC tn ~t:ct. .1 

manner .1~ lo J.:h1eve J ,~JCJ.tf <~pt:mum 

Th.! drflictJitrc;:, mhcrenr m the t,ll,llly ern¡"m:al :tp· 
pro.1ch a t' the un.ertarntles a~~ocJ.,ted W1fh thc n•1rn¡,¡. 
llve ~op ~~.·~ h rn.1de rt nL'Ct:\\,'1 y to att.t•:~ the rrub'l'm 
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from d d1fT erc:n1 pcr~pt:c!ive A comprom1se was chosen, 
1n "'hlL h d,tl.t frnm .111 c:xJ~!ing .:1tY could he uulized 
ltt¡:crh,·r "'1th ,pat1.d ,,~:,,.:at1on nwJ.:Is lo SlmU!Jlé lrJvel 
h~h:t\t<•l 111 a '~r·é~ of hvrn•hetJral <:tlies Such an 
appw.tch nug'll ·""'he r1ore fl~\1hle than thc: other l\·. o 
aprro.t,he,, m thc ~en~e that L'nc: t:ould vary many 
element' 111 the urban ~pa!J.tf ,rructure 10 examme 1hetr 
etfects u ron tr .1 n~porrat!on c:nergy consumpt1on 

CO>;CEJ>TUAL I'R~~IE\\ORK OF PRESEVf STUDY 

Conccptually, th1s studv atlempted 10 do the followmg. 
Choo'e <t repr.:,enta!lve -\mer1can cny m wh1ch .1ggregate 
trove! h:hav10r has he~n ob\erveJ .tnd do'cumented. 

Re":-llk the rc:s1denh of that cuy into each of severa! 
d1!fer~nl hyrothetJcal t:JIJes and analyze the travel 
pal!<'rn,, t1 J n,p,,r!a!ion c:ner gy requrrements and acces~r­
hilrtv char .• ctemllcs .tm1ng from changmg the spalral 
varr •• h'cs 1\hape, form. Jen,¡ty p,t!!ern>. etc.) Hy utiiiZing 
apprt,prrate tr.tde·off .tnal~·,e~. 1tlentrfy facturs of funda­
rnent:J! lrr>ptHt.tnce rn ieJdmg to h1gher transport energy 
requnt>menrs :1nd !hose "'h1ch hnng on h1gher levels of 
regJt'n.tl dLCC~"biluv to .t;:IJ\ l!rc' of rnterest 

In the exrenment:t! Jes1gn proceo;s, vJ!ues of the 
a~::tvlly vari.thlt:s lrupul:ll~tln, empluvmenl, etc) must be 
con~"1enr at:ro~s all Je~1~n~-provrJrng a basrs for 
cump:mng th.: travel requ1reJ lo connect aclrvitres withrn 
eoc'1 de,Jgn-rn orJer tl1at wc fTlay asse~s the etfects of 
c~ •• tngtng the lllteradJllll <.:trrahles (e g the htghway 
networkl !hrou~h wh11.h these ac!ivrty variables rnteract 
r\rti\Hy vctn.Jb'es, therefMe, Me fi\eJ in quanll!y but no! 
by iCtcnrror¡ for .ill Jc\Jgn,. while rnteractJOn varrables are 
allowt·d tl' r.t~e on v,J!,Je~ JJff~rrng acros~ lhe dcsirns. 

In thJ\ >tudy. the ti\~d ~el of c1:y at:nbutes (actmty 
van.tble,\ w,t\ 1:1~en fwm Jn c\JStrng crty (\Vrlbur Sm,th 
ami A"orJ.Jk~. 196'i), rn urJer 10 en~ure that the re~ults 
of th~ l'if<~rt wou!J be 1'. e'l grounded rn fa e t. These 
al!n'>ure,. gt~en a!ong 1<. 1th !he rnreracuun vanables rn 
Tah 1l' 1 rr11:lude rotal ptlpu!arion. total employment by 
category. !.tbor force p.trtll'lp:t!Jon r.1te, rnterzonal rmpe­
d~m·e fl rict 1011) factor' by tnp type. and tnp rates per 
c.tplra by 111p type lmpeJance factors represen! rncreas-

. 

T dble 1 Urban srrucrural vana bies 

Actl\l'aty Y,Htdblt!:i 
(f iaeJ At tr atlut.,.oJ <)t 

c ........ Scudy Caty) 

Tato~! PupulaLh.m 

U!p!oym~nt. by Categ.ury 

1 1bur rurce Pdtt Lctpdt ion 

Pop ... .d.at ion Scndn¡¡, R.H lu~ 
. 

~luur~~·H:C' R4.r.lullement~ for 
l:,.r,¡.d.J)'~C', by Typt! 

Jnterzondl F'¡¡ct1on F'a1..t0r9, 
by lt 1 p Typ-=-

Auto lkl up.wcy • by Tr 1 p Type 

Trlp r<.¡lc::. Pcr C ,plt.:¡,, by 
T[ ip Type 

lnt~ract!on Variables 
(Y.uJW 0\IIL't tht! S~rLeS 

of Urbo~n OcstKn!!IJ 

Urbdn ForlZI 

tran .. purt.:ttlon "iec~.rork.. for 
Edcl\ Mv..!e 

Nt!twurk Modu (Tel..h(lologlea) 

~et~o~or k Lo!Vo!lS of Scorvlc¡;o 

lto\ude Chut¡;:e, b)' frlp Type 

Oefln,...J CoJ be the numbt:l of •u.•rvlc~ work.cra by type pcr captta. 

mg prupen~1ry uf travdcr~ lo r.Jdl..c: ¡ · 1p\ of VJfl<lU~ 

lell!,!th>,.Jrtd vnrv for th~ "'une tnp purpo\c: betwt:t:n ,Jltc~ 
Thcrdure, th~'t: factor'> .are mure Lorrt:ctly v1ewed a' 
hc 1ong1ng 10 the ~et Ltf ~l"'lt!i.tl varrable~ and shouiJ nut be 
:-,Jn~rJert:J ti \ed acro~s .,r,rr eren! urban ~patral p.l!terns. 
1 he ~ame r> true of trrp rates per caprta by trrp type, for 
whrch thcre 1s ev¡Jence to ~uggest that trtp frequency 
deoends upon !he spatrd,~ <~rrangement of aLttvrtres and 
upon the transpon systen:n Oordan. 1972) However. whrle 
recognrLrng that these atunhutes m1ght vary acro'is urban 
desrgns, thcre is no theory whrch mrght be utrlized m 
accountrng for lhe var.ratron. Therefore. rn !Jeu of 
1mpedancc factors whrd1 are functrons of the ~patr,tl 

pallcrn, a srngle set ot EJ,ctor> was ~elected to apply for 
ea eh trip purpose across. .u JI urban de~igns. SnnJiarly, tnp 
generation was assumed •lo cteoend solely upttn dr~tance 
from the CJ!y center, aJ surrogate varrJble ~elected to 
represen! the combmed el!reLI> of auto ownershrp, income 
and fan11ly me. 

oMODELI~G I'ROCI'IlüRE 

The detailed lanJ-us~ p:1tterns emcrging from the 
selccted combmatrons \JI:' actJVJ!y and rnteractrun varr­
ables ,,·ere created by ut~~tzmg a \lmple ~parral allocatJon 
model of the Lowry type it.1.owry, 1':164) The chu1ct: of the 
Lowry-type moJel was l<1rgely a functron of three 
reqUiremenls of the study· (a) the data neeJ, of all 
sub-mJdcls wouiJ have w be rcl;;tr\ely sm:.:!l. (b) :he 
models >houiJ be compthlatrunally t:tf:crcnt, anJ lcl the 
mna·u~e pa!lerns Jc\lgmed by rhe ~paudl mouenng 
proccdure ought to be re:c.IJ\IIC 

Recen! exrenence 1111 Great Brrtain ( Bany, 19fJ9l 
suggeited the use of a L¡:¡¡wry-type !anJ-u~e r;.ode! in ~he 
context of a New Towl'l or a hypo1hetrcal crty would 
satrsfy these requrrement.., and 11 would otfer srgn!~CJnt 
advant:Jges o ver more coua entlllnalland-use mudeb ,:nc:: 
rt ha~ been wiJely u sed rrr Bnt.1rn Junng recent 'yeJrs and 
:1ppeared to rcplrcate l.~.;nd-u~e~ m realistrc ways. In 
addJtJon, data requrremell'~'i were few. the stJndMJ travel 
mode!s (tnp generar ron, dt..,lnbutron .tnd a_,,~rnnen!l "'ere 
easily rncorrorared "'1th rtne fr Jmework uf the model, .tnd 
its relatrve!y s1mple srru.:~.m: perm1tted experrm.:ntJt:on 
o ver a wrde range yf urbJm Je"gns in a relatrvely etltc1ent 
manner 

The moJeling procedu:res used m the stuJy can be 
bncfty dest.r1bed as follo1t \' To begrn wllh, !he values of 
the actrvity variable~ l:l!!!nbure~) are taken from an 
ex1stmg crty ~·ext, th~ rnter.tL!Jon van.tbl.:s (m~d·.t) 

through wh1ch the actJVH'l.' \arr,tble~ rnteract .tre spl:'u!J.:t.! 
exugenOU\Iy, anJ both se!C\ of vJrJ.tblc, are utrJ¡zc:J h1 th.: 
spat1al allocatJon moJe! r.u Je,1~n ,1 1 .1nJ-u~e p.lltern ,,nd 
tu e\trmate the person tr:, •e! ernergmJ! from thJt p.tttan 
In turn, the\e tnp~ are .t~ ,l;,)nct.! by m,,Je tu roure, o! thc 
network E~rrnwte> of rr,c wtal tr.Jnsportallttn energy 
requrrcJ for nc.trly al! J,¡, !y persun travd :1re oht:11n~d bv 
use of separ.Jte rr.odels tt1:· .:utoP.lttl:tile, bus, Jnd r:n' r.tntd 
transrt energy con~umptH~II F,n,JIIy, mea-url'\ pf aLL't:"J­
brlity to vanou~ JCtJVI ~ • .:~ ot rultre\t, m..:lut!tug to 
pop;_la ''''~ and \hopp1n~ Jre ohtatned. The 'ieuucnt.'e of 
m.:'lc 1 ' l< g•vt:n '" !he r,.::vwtng tlow chart. hg 1 
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TirE SPAl'IA!. ALLOC.-\TIO"' ~WDEL 

The Lowry moJel and 1ts descc:ndant~ (Batty, 1969, 
!9i0, 1971, 19n: Cr;:cmc:. 1964: Garin. 1966; Goldner, 
1971; Goldner and Gr~tybeal 1965: and Wt!~on, 1970) of 
which the spai!JI Jllocatton model m th,s s!Udy can be 
consiJered a memocr ,m: basc:d upon the assumptron that 
thc splttal strl!ctur.:: can be orgamzcd into ac!Jvities 
(popu!at10n, bao;1c Jnd service employmenl) and land­
use~. Furthermore, it 1s a>sumed th:n serv1ce employment 
:Jnd roru!;ttiun Jf:! deri\ed from bas¡;: cmpJoyment. 
Oper,.tJ,•rwlly, the nun-reoJJenual acti\llit:> can be detined 
in the fo:Joy, mg way: ba\JC employment cons1s!s of al! 
workc:r' en>pk)yc:J by tirm' wh•ch are s1te-onented, i c. 
wh1ch tend to be >PJ,e-mr.:n>Jvc, ur wh1th tend to locate 
m1.kpemkntly of the :oc.t' popui:Jce: and the serv1ce 
employee> are .11! those v.ho work for firms which a1e 
c!icnt-oncnreJ. 1.e. whose locat10n behavror 1s dependen! 
upon the re\Jdenllal p~ttern 

1 he moJe! to f-le de,.:nbed in the subseqt)ent para­
gr,rph> cm be l'h.Jra..:tc:rJJc:d a> a seque! to thc: work of 
Batty (1971). lhat bemg the case, a number of tmportant 
steps in 1!s JemJt1on are not repeated here. lnstead, the 
moJc:l1~ d•>pr,,yed 111 skekt.,J form. e\cept for tho,e parts 
wh;ch Jre onginal nten>IOns of tru! earlier work Rcfore 
pr~'enlmg the n~athc:m~ttcal structure of thrs model, 
huwe\er, a brief \C·bal descnpt1on of the allocatJon 
process secms appropriate. 

From an exogcl)uus J¡stnbutlon of basic ernployment, 
tl]e mL'del allocutes tht•se emrloy¡:e~ to re\Jdcnce' by ~ 

wor~·tnp sp,;tl,ll mterJ.:tJOn modd. Th:! populat.on 
as>ociatcd wlth the'e employees rs found by applymg the 
reqprocal of thc: klbur force partJclpdt!on rate. This 
,popu!J,iun dem.:nu~ a certam numb..:r of servrce emp­
loyc:t·~ (n,ln-bu\1..:) of a parlr•.ul¡rr type, Jnd tnJt numbcr is 
found b~· mu:t.pl}mg thc ~lrl'l1l ¡:.opui.Jtlon by a 
popula!Jon-s.:rvrng ~JIÍO. T~c: ser~ce empluvcc> are 
JIJOC:ttCJ !O the;r ,, 1' <11••< by U ~t:rVJCe·~rrp '>' a~1,1J 
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interaC'fion modcl. From the shop ~ítcs, these ernpluyee\ 
find 1Csidcnces by way of the same •.vork-trln ~p.1t1a! 

mteraction modc! used te alloc;!te the hasic emp!o)'ees to 
homes. The n!lmbe~ uf famrlies of the servia ernployces 
1s found, wh1ch m tllrn d,•mand service~ <~nd wht• r~qu1re 
addit10nal service employmcnt. The process of dcnvurg 
addJtional re~identtal and employmcnt ~ctivity cventually 
ceascs (converges) and. once con~ergence i~ auaincd, the 
popu!ation-holding capac1tie~ of each zone are checl<ed 
aeainst the a!lucated vaiues of popu!atron as wcll as the 
minimum service employmcn! value~. lf any of thesc 
cm1str1ints is violated, the parameter:. used to drive the 
~patial interaction models are changed to preven! th1s from 
recurrmg ami the allocat1on pror<:<1urc 1s repe~~tcd un!tl all 
of the constr • .!Ínts are satisfied. 

The spallal rnteract10n rnodcl. '-Vho~c rcGuired mpU!s 
are grvc:n rn T:Jble ~ and who>;; vanables aH: clctined 1n 
Table 3, is described mathcnlJ.IJcally in :~e following 
paragraphs. 

The index m denotes the tteration number in which 
additional activities are derivcd, and the indcx n denotes 
the interaction in which thc locational constraints are 
testcd. 

The work-trip spatial interactíon modcl is given as 
follows: 

a.(n), U,(n)G¡F,, 

}; U,(rl)G,F.; 
1 

T,,(m, n) = E,(m, n)u,1(n) 

P1(m,n)=aí: T,,(m,n) 
1 

(1) 

(2) 

(3) 

from thcse one obtains the procedure of al!c.cating 
employees to restdences: 

P(m, 11) = E(m, n )A ,(n ). (4) 

The service-trip spalial interaclion model is_s.pecified m· 
the following equatron~. 

NT~,(m, n) = -y"'P,(m,n)b,,,(n} 

Tablc 2. lnputs to sparial allocation model 

Bo:aotc .,;aplo~t"ht. by Zuno 
"'ct\Worll lntt!CZOn.il ruvel Tlmrs o by rinde 
lo~bor forcL' P .. rt ic lpat tun R.tte 
Populdtlou St..tV11l~ R"t ll)!.o, l>y 5ervtce CdtCt:Lia) 

(ot g , pcr:.un.,l ~UHln.:w:t, r~~rt:atiun.&l, \..o)nvcnlcn~..:. 

10h..lpp in,?, ate ) 
Vrlctlon f•nori (lntdlzonal lmpcdanre Factorc;), by Tn~ 

rypc 
[stlaultes of the Zonal Attractton for R~l..chlng Populattnn, 

by Zc.r<.e 

Estlmati!S of the Zon.al Atttactlon for kacdvlna San•:tcc 
Actlvtr.y by rype, by Zone ' 

Avall..tble t...ad fur Ou•c!loJ.or:umt, by 7o:.to~ 

'1:u,!IIIU111. !{~Jld~ntl.al Dl..lltolty C::I•Gtr,jlnu .. by z~ne 
"!lnau.uc .:~ci'"YIC'Il: ~r.~pJo'i41t.rn bv fypu otl'\1 b\1 Zun~ 

f IV>or apa1..e P~r t:e~p loyc:" by s .. •r ~ • r tt rv~t= .Jnd t:y Zon~:~ 

~.tiJ}' Trlpo lJ,¡r f'H!!I•JII t.y Trt¡. rfl e oll1d by Or1¡;11'l 2:oJUII 

M•.o..1t; (..t,u.I.Cil by Orltll• lOnt! J '-' , :-1¡.. "''¡..tC 

! ~) 

(6) 

¡' 
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TatJie J Defimtwns of vanJbles m spJll.il modcl from whtch one obtatns 

a recrpru,al of the l.rhor force pJrliCIJ'alrun rJtc 
u,,(n) probJb•lrly uf tr.l\·clmg frum wor~ rlate m zone 1 10 

resrJente m /une 1 
A (n) N -lilmen\lun.d ~quare matnx whuse 1, 1 element rs 

a,1(n) 
A ,(n) N -drmensrunal squdre matnx who>e 1, 1 element rs 

aa,1(n) 
p, populatlon-servmg ralto for servrce Cdtegory k 

b,1, (n) probJbd•ty of d re,rdent m zone 1 travelrng lo zone 1 
for ~ervrce rurpo;e k 

B, (n) N -drmen>~OIIJI square matnx whose 1, 1 element 11 
b,,,(n) 

B,. (n) .V-drmen~10n,11 squJre mJtnx who5e 1, 1 element 1S 
{J,b,,,(n) 

y,, numher of d,uly tnps per person from zone of 
fCSIUCIICC 1 for SCr\'ICC pUrpO\C k 

E,, (m, n) nu•nber of >Lr\rte worker\ of lype k employed 1n 
?une 1. rteratrun' 111 and n 

E,(m, n) numbn of wor~ers of Jll servr..:e typcs empltlyed m 
/one 1, ilCrJl!Un~ m and n (\Vhen 111 = 1,11 rerre>ents 
the numbn of ba;1c employe~ ,tllucateJ cxugenously 
to 70ne 1) 

F.(m,n) N-d!mcn>IOnJI row vector whose 11h element 11 
F,(m, n) 

r,(n) ICLlor of total employmenl a~soc1ated w11h serv1ce 
e,Liblhhrnenl~ ,,¡ tyre ~. outer 11eratmn 11 

E(n) tot.ll employment 1ector 
1-:, frJLllon ur lnlJ'CuJnte fJLIOr aS>OCJated w1th travehng 

from wM~p',J<.:e m zone 1 to re;JJcnce 1n zone 1 
1-1-:,, fnclJon or lllll'edance f.Jclor .tssocJated 11 ilh tn1vel1ng 

from wne oi re>J<kn..:e 1 lo zone of serv1te 1 for 
SCfVICC pUfJ't)SC Á 

G, lillhty or lo..:.tllonal .tltraclJon of zune 1 for rece1vmg 
J'úpulatJon 

H,, utJ!ily or !ucatJonal attrJct!On of zune 1 for rcce1ving 
>érvJce employee' of type ~ 

1,1 ¡un.llmdr,e, 
J. 111Jcx repre,entmg serv1ce emrloymenl type 

K tut.t! numt>~r <>f ,erv1ce emrloymenl typc~ 
V numbcr uf 1one' 

l\'T.,,(m, 11) e\pccteJ numl,cr of tnp~ fur non-work purpose Á 

fr,>m /Une uf residente 1 tu zone uf ,en 1,e 1. 
J(Cf,\ll<ln\ "' .lnd 1/ 

N7:,,1 n) · tur.ll e\pe,teJ number of non-wurk tnps for purpose 
J. frum zunc 1 tu 1une 1 

P,\111, 11) roru!.llltlll "'ll>c.!led lO lOnc 1, ller.tlions m and n 
P(m, n) V-dunen'>lonal ww vector, whuse rth element 1> 

P,(m, 11 ). Jter.lllons m and 11 

P(t<) tot.t! pupul.tlJon vector 
S.,.!m, 11) e\rccted number of ~erv1te worker> of type k 

.tlloc.lted to zone 1. servmg re\ldenh 111 zune 1, 

ilerJllon' m and n 
T,,(m, n) e\p,·cteJ number ,,¡ worker~ travehng from work m 

7onc 1 tu homc m zonc J, ller.lllons m anJ n 
T,,(n) tnt.ll expeued numbcr of "'''r~ tnp~ frum wne 1 to 

7LHIC1 
U,(n) h.dJnLe f.1ctor dunng llCr.tllon n lo rrevent over­

allocatlon ,,¡ WLH~er' tu re,Jdence~ 111 wnc 1 
V,,(n) brli.tnte f.ttlúf JUr111g I(Cfdl!On 1/ ltl 10\llfé ,¡g,l!nSl lllU 

few cmplo1ec' nf typc ~ hc111~ .tllt>L.ttcd lo /Une 1 

Thc procedure uf allocatmg ~t:rvtce employees to 
servt.:e e,rablt~hments '' found by dcltnt,lg 

E,,(m + 1, n) = L S,,,(m, n) (8) 

and 
K 

IJ,(ni=L 8 11 (11) (9) 
1 1 

E(m+l,n)=E(I,n)[A,(n)ll,(nW (10) 

For a fixed valuc of 11, the pro.:ess of llt:r.lltug over m 
cor.verge~ (Edwud~. 197'i) and une obt.Jtns 

E.(n) = L E,(m, n) ( 11) 
m •l 

from wh1ch it 1~ true that 

E.(n) = E(1, n)A,(n)[/- B,(n)A 1(nW'B,.(n), (12) 

Now, 1f the total employment vector E(n) IS defined to be 

K 

E(n) =E(!, n)+ L E¡(n) ( 13) 
•• 1 

and rf total populatton ts defined to be 

P(n)= L P(nr,n) (14) 
"'~ 1 

then total ernployrnent and population are found as 
follows 

E(n)=E(l,n)(I--A,(n)B,(nW' (15) 

P(n) = E(n)A 1(n) (16) 

Once the allocattons havr been made in tteration 11, each 
zone ts e>..amtncd to sec tf the coustra1nts on the m:nimum 
numher uf rdatl emrloye.:~ .He ~Jtt~fied, as well a, 
chcd,tng to make sure ovcrc~owdtng of pPpulatt,>n has 
not t.1kcn place lf for ~ny J'one the nllntnwm rct.ul 
ernploymenl r:un,lr<~tnt 1~ \tuLI!t:J anoth~J ll.:rattlln " 
rcqtnred and the atrr.lctlon mdr:x for rct·etvtng s~ntee 
employment on rhe next tlera!llltl ts ~et to ;ao Stmtl.~rlv. 

tf any zone ts founJ to have vtolated the re'>ldenttal 
denstty constramt. the zones wh1ch have add1!1onal 
holdtng capaclll<'S dre made proport10n~tely more artrac­
tive, whtle the allrdLllun ,., rropottlonarc:ly d1mtn1.,h~J fot 
tho~e zones wh1r:h are overr:rov. ued. Onr:e the con~t1 ~tnts 
are all satt~fied, the tnterzonal work trtp~ are e>timated ,,., 
follows 

( 17) 

In a stmllar fa-.h10n. the non-wor\c: !rtp matrtce~ are found, 
for each rurpo.,e /.. a~ follow~: 

N1~,.(n) = -y,,P,fn)h,,.(n)_ (18) 

The final products of thc ~p:~tt:JI allocatwn modcl are 
gtven tn Tahle 4 

The'nrodel uttllled 1nthc -.tudy dtfTc:r~ from thc wot k of 
flatty and othcrs hy ;lilvv. ,;,~ for thc dcfinllton uf 
disaggregatc servtce employml'nt types In fact, each typt: 
of servtce ernployment (e g t'l\Urance worker'J corre'­
pond-. uniq1·~'y wllh a n.Jrttcul.u non-work or -.erv1r:~ lrtfl 

, .. 
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T.tble 4 Pruduch uf~~~ s~aual <:llo<.~trl'n 'liGO el 

Wfo)rk Tr1p l"~td~ .. mJ lh.uuurlUk~ L,.y MuJd 
('iun1ber of P~t.liYII o.~nd v._·.¡ .. 1 .. TriPu, T.>tat \'o•htc:lo Htl .. ,s. 
Averd¡;e TriiJ !..11•lt;~th, =1m¿ •l'•" ~p.•o..>c:t, Trq.• l..:n~th Dhlrtbucton) 

Non-wor~ (~er.1lL~) Trtp T.-Uic., .m..J Char.u .. tf.llr.th.:t 
('iol.Clle u :o.- \Jork Tr.p) 

made by urban rcsidc:nt~ (e.g. person:ll business) Conse­
quently, there is ;r one-to-one rela!lon-.hip bctween thc 
types of s~rvice worker• and the types of serv1ce 
(;hor.pmg) tnps made by re<,1denr~ F.uly •n thc study, an 
artempt wa, made to d1saggrcgate lht: e\r;t:ng employ­
mcnt data tu co11form pr~u,e!y wuh 1b1.' followmg uon· 
worl- hervll'e) tnr purplh<'' p~·r,un.rl bu''"~~ 'l. r.;:crc~­

tron.d, ~chool. '>hllrrrng G >\ F !!!OOd~. <tpp.rrel and 
furn1;hmg,¡ <~nu ~hnpr.mg for convcrience purpo\es. 
Howcvcr, tl¡ere wer~ Cllnsrderahle problcrns encountered 
in trying ro C.Jtegorilc e:11. h employment type into a 
sen·icc catt'gLlry correspond:ng ex.tcfly to one of the 
nun-w,;rk rvp.:' ¡:urrhernw¡,•_ except for the converucnce 
~hoppÍr•g fl:lrpOSc:,ll 1 !rip lype~ hdcf refdii\'CJ'/ long average 
tr1¡i k~gth~ ( .v,·lf o ver ~1\ m111Ut.:~ ,., ~bollt flve m111utcs 
fur CGIW~niew:c: ~h'opprrrg t,~lp~) Thcrefore, 1n th1s study 
the ~hop-tu-chcn~ mrerarttl'n wus cons1dered ro be 
sigrtiflcantly difTerenr 111 the case of the other types from 
thJI of rhe convenren:e l 1 pe In thc f\¡ sr cJse, 11 can be 
said, bc,·au~e of rhc rclatf\ el y long lnp lengrhs, that the 
irir' purpo\e cnmpr1~1ng pcr,on.li bu~rnes~. rccreational, 
school, anJ G A F. ~hupprng tllp~ ts accompl1\hed by 
being mJdc ro illC.tllon' whu:h ::rre nor in close rroxrmlly 
to the1r drents In cont1::r'r. rnps for convenrenre 
~hopprng purrH'~e; are m.1Je to sues in relatively clo~e 
proxrnn•y '" J¡,,m.:.· Therd,lre. 11 was de~rdnl that the 
no11-11 l"\ tnp purpo~.:~ e\cludrng converucnce ~horping 
tnps wuuiu' he cnllecrrvely C•lfl~ltkred to be une JlU! po\e 
anJ n.un.:J typc V (Jil~emHrvc ro locatíon of cilent), and 
con\cnr.:n..:e ~horprng »"ottld be anorhe1 rurpu,e, type S 
(sen\111\C ro lu<·auon tll l'itentl. :\ccordrngry, rhe emp· 
loye,·s .1rc eirher ,,f th<' h:t"l' type llr of thc non-ba~rc 

tyrcs, trre .V l)f S Rel:,dlrh.ll 1 owry's catcgortl.Jlion~ uf 
non·t'.l\r<.: rype~ '''ere rnetr,,rolllan, local. and nelghhur­
hood (1 t•wry, ! 96J) 

D.I'I'KI\11 \ l ~L DE.~J(;'•I 

Thc t.<~src attnhur.:~ (.Jcllvrry v.~r1ables1 of the ~electcd 
case stuJy crty .1re thu'c: of S1ou~ F.lil,, South DJ!..ota 
(popul.ttrun ':15.000) h1unJ in ,1 ¡•1(,) m::trupolr:.m tro~n'f>tlf· 
tatrun \1J1dy (\VI!hur Slllll~l am! ,\;~ociates. J%5) <mu 
,rugmcu!t'd "1th J.!lo~ lrom Haton Rouge, Ll'lltsl.!na 
t\\'rlbur Smnh anJ Aütl.:r .• :.:~. 1~•67) fh-; p,,puJ,ttiOn, 
ernplo} .ncnr and trave! d;~t.l .u e: f('Jll~~.:nto~lrvc of t~o\e 
found 111 :;mal!·ill·med:nm '"ed Amcn~an CHICS ami wc:re 
~~·lcrh.:d J.,r· ,l!vc:r.d r~.~~om f-tr\t of all. rt wa~ kit th.11 
th.:re woÍJ!J he roo many .tttendant COillf'llllat•on.• 
JdJí,·uitle~ re~ultrng f1urn ,, 'ruúy ,,f ,, l.1rgc metropolír.~r, 
areJ r't•r e: \.Jlllpk, th.: numtwr ,,, tr.,nrc a~"~n:ncnt ronc:~ 
in nn ur 1),J!I tr,lfl\fllll t.l!Jllrl ~tud~· (.In be l'OP· · • • •:J tv l>o.: 

proporllonal to !he popul;aion, :~no! Cllfllplll.ttional !lmt, 
incrcase e~~ent1ally propor::.iona! to thc \Qll.lre uf the 
numbcr of zones. Sccontlly, bi' se!ectmg .r 5,n,11!er clly, 
one ~hould he ahle lo curnment on the et!icl¡:ncy of ~cw 
Town forms and cunurballons ;n view of the f:11:1 that 
several Bnt1sh and Arneric:m 'ljew Towns a1 e proJCCtlng 
cor11pJrabfe population and ~rnployment lt:vels 

Three ba;ic urban ~hapes wcr:: se!ecred !•Jr stUd)' and 
they are depirted in r:;gs. :!-·4. Th..: lir;r. m Fig. ~. ~~ a 
concentrrc nng shape e~closing ;ougl;ly the s.1me land 
an:a ( !47.25 rm!) as the .sioux. Fall~ are a This b¡o~¡c nng 
sh:rpe w;rh superíl,Jpo~ed griLltr«nspo, t nctwork IS typtcal 
of mus! nl!llwestcrn citie~ in ~he U.S. The other two forms 
are nwre radical, o¡¡~ b.:rng apure linear ;h:•re dcpictcú tn 

F1g. J, ::nd a polynucl~alt:d ~hape ~hown tn F1g. ·1. The 
l!n.:a1 shape was sclecieú 1o be ar. ¡;,IJ:\n ~llape wh1ch 
r<'rresents ctty fonns havi.n¡; low tr,tnsportatron caplta! 
co~ts (In terms of roadw¡,:;: ~ and tran~lt fat'illlies). l!ood 
proXtmlty ro acrivit1e~ m terrns of d1~tance. and a 
rela!lvely compact (9.75 m:~) land-usl! pattern. The 
rolynucll!.tted shape, on the o:her hand. •~ a componen! of 
form wh1ch is altractive from the pomt of v1ew of 
acce~;ible oren spa;e, but ~cpn:sents a land-usc patrern 
mcorrorating nucler of [rmiy high d..:n~ity (,¡ rota! 
developed arca of oni}' 6.1 "11~) havm~ nc1ghborhnc.d ,lnd 
cornrnumty fac!litrc~ within walking d1stanré. A tor::rl of 3) 
expcrrrnerrt' were comlucted UtlhLing these three bo~;;¡c 

shapcs, anu the detulled ext'enmental de'11gn 1s sel our !n 
Edw:ud~ (1975). Two,additwnal exper~mcnt; w.:re ..:on· 
ducted usrng a pure crtJclfllrm de;Jgr>, dcp1~tcd in F!g 5. 
The cru·;•form, 11 was feH. r1•grt comhinc thP ""''' 
feature~ of the !mear and pulynucl.:<~tcd ;h<tJ1CS, with :he 
ba~1c de~rgn ofTcnng phy~ical sepMa!IOn uf n'!lghbl)r· 
hoods from the' comme1cml and indu~tml arca;, yer !he 
relat1vely comract ldnd use ( 10.25 m1l uf de\e!opeJ !and) 
1s ~pread out m ~uch a manner as lo ofTÚ gootl 
access1brhty to oren sp.1ce. 

Sck...rrvn of 70ne \17..! for each shupc wa~ done lll such 
a manncr a~ to capture "'' much veh1cular traffic ¡¡; 

pos;.ble lt w:.rs assumeJ Hl the conccntrtc nng sho~pe uf 
F1g :! that a gt>od dr,tf of thc urban acllvrty woulú be 
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transacted in thc central ~5 zones Consequently-, zonal 
Sl7c was chosrn to be O 2~ nu' (0 5 mtlc: on a ~!de), and 11 
was assumed that lntr.IZ<lnal traps 111 thas arc.J would be 
aCl•lrotplt~hed on foot The are.J encompassed by zones 
1---<:' 1 ~O ~5 ma'J 1~ roughly comparable to !he area 

enclosed by !he Ctty of Saoux Fa lb Consc:qucntly, zones 
26-65 were desagncd to be a real! y largcr ( 1 m a'). owang to, 
the assumption that 70nal acttvttlcs in thas rang would not 
be as numerous as tho'>c an the central arca, ami mo~t 
automobtle traps would !ikely cross thc zonal boundanes. 
The zones on the peraphcry are, in !llrn, even larger (tn 

excess of 2.25 n11 2
} than zone~ 1--65. 

Selectton of the urba'l form an each expertment as 
ancomplete wathout spec1fyang denslly patterns to accom­
pany the ~hosen shapc~ As prevaous!y mentwncd, the 
patterns were essenllal!y detcrmaned by specafyang the 
attractaon utalilles G, (eC]n 1) and l/1, (o:qn 5) In those 
experimcnts where uniform (sprawled) densatle~ wcre 
deSJrcd,the a!trJctiOn va:ues were dtrectly proportton.JI to 
zonal area Where r.eaked densaty p.llterns y,ere de~aro:d, 
the attractaon utaltttes were propor!tonal tu de~1red leve!' 
of populatJ(In (or employment) do:nsJttcs 

A pnon specdicatton of the network modo:s, 'eve's of 
scnice ar.d mode ~hotces hy zone are ~1wn 111 d..r~·· in 
Appcndtx A to Edward;; ( 1975) along wnh the ~pecan e 
values of the attractor vanables for cach expenment. 

RF.SULTS 

The total transportatwn energy requ1red tn each 
expenment !S exhihttcd together wuh thc curre~pnmlang 
regional acces~tbdaty to populauon 111 Ftg 6 Total e11ergy 
refers to that energy reqUJred to accompltsh al! dady 
person travel from home to work, from home to >ervtce 
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e.•ch expe11ment 
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estabh~hm~nt-; tyrr N. irom ho:n~ to serv1ce e~:ahli~h­
m~nt\ type S. fror-1 hum.: for ~oc1al rurpose'i, and 
6nr-ralf ,,r 1he tora! JJ1iy non-hl1me baseJ lr,IVel. 
As~i~.mn~ :~1.;• !h.: Jmount ut d;11ly rer~on trtiv.el to home 
will m;1!d1 tl>at am.1unt from hume, rhe ,total energy 
r.:qui;ed of ;111 t~ •• ~~! tcxcept for thor,e trips of type 
~::rve-;a;~~~.'!.:r .u:d charge-muJc¡ can be esturrated by 
úoubl1ng t~f :!1\llltnt dr~rlaycd 1n F1g 6. Regwnal 
:~cce,~itnii'Y to p•Jpu'atron r~ defined in eqn il9) 

Regional Access1bihty = 2: P,F., (19) 
all ''•r.r.• .. 

wh'en P, IS tJ-.e pupulatlo,n n:~rdmg in zone ¡, ~nd F., 1~ the 
work-tr1p frirt1un f1mp.:dan~e) .factor mc~rred between 
zont·> l, ami ¡. lt WJ~ found thJt tlm regional measure IS 
v..:ry 111~hly, corre,la!t:d w1!h measures ó-f acce~srbihty to 
serv1.:es of typ,cs vV and S (Edw~rds, 197') and was 
theref ore c~o:,en tu represen! thos.e measures of accessí-
bility. . 

The fir~t observatron whir.h }an be rnade from Fig. 6 is 
that there e \.!~ls w rJe vanat1on m transportatlon rnergy 
re•~uiren1ents for drflermg 'urban ~tructures 'Generally 
~peakrng, tho~e urb.1n ~tru'etures whit·h aí-~ characteméJ 

( ' ' 
by sprawling lanJ-u~c P,Utlerns have encrgy reqUJre91ents 
which are rnu..:h l.rrgcr than tho,;e whrl:h are re)atlvely 
compact. Fur nar¡plc, tht: firsr five exoerim~rÍts ha ve 
total energy requ1r,ernc:nts ::tnywhere from 9 toJO trmes thc 
cnergy requrrcd 1n the lea~! ,energy-mten~rve structure 
(expcrunt>n! 20J At the ~ame lime. huwe.1;er, ti-rose tive 
urb.m mucturc~ h.1ve thc greate~t drsper~ion of popula­
trL'n and ~~lplormcr.t ,r;,, mc,t~ure9' by the second 
nwmc:nl'>,of populat1un,..Índ employm~nt ahout zone 1) of 
all 'cure,> e\.rn11ned, /wltilc: npenpíent ~O represents a 

h ' r t' rnuc ,more cnmpat,l :anu-u>e pt~t ern. 
1 ~.u'>r: cure'> 11 11!1 ,,JPlp.tl·t!Jnd-t"e pallt:rns occupy the 

nwre t'fll'rl(y-eilÍlll'Oi k,,alJUfl~ 111 lhC >¡J.tCC Of fed~rbJe 
str(J.;-turc'- l\1r,. e.\anl¡llt', rh~ pure lme<tr furm> (9 75 
squ,¡rc mr!e,) ;1re reprc'>cn;~d 111 C\pellments ~4 through 
~9.the cruqforrn '>trucwr~> 111 expcnments ~O and 31, and 
thc polynul:k.tteJ furn'~,:tre c:valuakd rn expenment~ 32 
through 37' \Vuh !he t!X(:·epiJun of ex¡¡er1111ent 36, wluch 1~ 
a p11iynucleatc:d >truct'ure wnh an auto-only tramporta­
til'n nctwork, the.,e ~í;u,·turcs occi.Jpy the luwcr lcft-hand 
port1on l)f rhe tr,1Je-otT ~pac•!, ami represen! cílles wíth 
luw energy Cl'~t\', hut concomitan! low lcvels of regronal 
an·c,'>lblilty to popul.ttron 

1 ho\1' crt1es ~·hJl:ll utdJLC only the automobllc as thc 
meam uf tr::tl1~pNl ha\'e encr~y requircment> wl11ch are 
gena,IIIy mu~·h l.!r¡!er than tho\C CIIJe~ 1vhrch e:nploy 
publrc tran~rnrt.llil'n For examplc, all tho'>e CJtics 
exanuncJ 111 thc ilr>t 11 expcnment~ u!JIJ/e unly thc 
autonwb,!e, a~ wcll as c\pcnrnenh numb~rcd ~~ through 
~5 a'ld numba 36 1 f onc Wt:r<' tonan11nc the energy valut: 
of 20 O x 10' lltu,onc hlllh tlwt only un~: crty (cxp'enn~<:nt 
14) employrn~ J Cllllli">Jn.tl11111 .t'Jill-tr.rn~il lr.tO\fHlrl net­
work n.;-t•ed'> th.rt 1 :t!ue fur total ir.ln\port energy, ami 
on!y onc t·rty (expcrllliCnt ~5) utdr7Jng the auto as Jl\ ~ole 
me.rn'> of tiJfi'>J'L'rt !¡," ,, lc1w~r energy. requucmcllt 
llcnt:c !111: 1 .tl~re 11f ~Otl x 10" fltu Cllt:!d he !.tlo.en "' !iriS 
sequcn.:c of t:\pcrrmel'h 111 ~,,. t!r: encrgy thre,huld above 

wh1cr ncarly all of the automohih.:-onentl!d encrgy Ltl''' 
lie,:.md bclow wiHch a!rr,osr all ~f ,lh,e,energy requnrrncnh 
l,f auto-rr:..n~ll CJUes .rre f11und.' 

Those urban strucwres w1th the ~.tmr ha~rc urban '>hilflc! 
(concentnc nng¡ vary •n enerr,y requ1rernent~. a., wcll .~~ 

acces~JbJiily, accord111g to whcther the dcn•,¡ty p~t'lcrn uf 
actÍVItJes fpopuiJ!Jun, cmplovmcnt uf c,¡:-h tvrel is 
sprawled or conéentrateJ: and Jepend1ng llflllll the 
rc!atrve im¡Jortance of the automobtle in tiJe overall 
transportat1on w~rcm For c.xamr!e, e.1ch cxperrmcPt r~ 
numbcrs 1 through 5 ~nd 9 through 13 repre~ent~ a clly 
with relatively largc la mi rrquiren1ent-; ( 147 ~5 mr'), hu• 
the first five are sprawled palle1ns ,uuJ cxpe;uucnt~ 9 
through 13 represent citres whc1c dc.1~HY pa!lerns h.1ve 
activJtJes concentrated more m the central .ue:t At tite 
~ame t1me, expenments l-5 and 9-13 nught t"; V1~ua:11ed 
as lymg,on or near a lrne ~egmcnt run,ung fron< urp~r ldt 
to Jower rrght, w1th movemcnt downward and, to the r;~ht 
bc1~g accompanied by incrcasmg cor.centrat10n' of 
activíties. Once transit ts introdu~ed te augment thc 

,automobJie, the energy requirements fa!!. butthe h:1el uf 
acces,1h1lity is decreast>d as well. For example, e~rt:r·~~ 
me1H~ 14 through ~1 represen! basJcally the same c1:~· ''\In 
C\perrment 13, but wuh dirTerent ievel' of tram1t ¡111d 
rnodal ch01ce~. Generally spcakmg, for the ~•~me rclatr\C 
tran~ll ~ervice (ubiquitous service, anda frequency of JO 
ou~es pcr houf), an mc-rease m modal ~plrt for rr,1n\lt 
~erv1ce over the automobilc bnngs abot1t a drop rn bn~:1 

total energy ·requned for accomp!Jshmg thJL trav.:' . .::;r 
regronal ;•ccessJb•l¡ty to popuhtt0" A.cr::"<"•bi'''~' 

dccrcased largely bec¡¡u~e of the ume pen;tltJ~s wlnch 
transrt passengers pay m ;ncurnng longer out-uf-veh1cle 
and line-!tJui 11 ave! t1mes 

A clo~e exam111ntíon of the rc .. ults of all36 o.periments 
revrals severa! lnteresting facts, most of whrch wll' he 
di~cu~scd 1n sorne dctarl ~,s thc th~cU"IOn pro..:t:~lb lo 
begrn wrth, totul encrgy consumcd by all mudes over J!l 
trip pu1 pose~ 1s ver y lrighly co1 rcl,;ted wilh auy V<:ll.thle 
cartunng vanauon 111 wor k travcl, the most promt!ICnt 
herng (a) auto vehicle-milcs travekú to work (p =O :J')l l, 
(b) average trip length by auto ro wo1k (o"' O 1).1)¡ aqd (t:) 

toral person-miles Ira velcd ro wor~ on all mude> 
fp =O 943). Th1s is not surpmmg m v¡ew of the fat:b 

known about thc cncrgy int.:n>rty of hHY·U~L!.lp.JIICY 

automuh,lc~ and of the way in wl11ch the spatrai o'k't'allon 
nwdcl opaate~. More ~rccJfrcally, tl'c nwdel de~rgn'> a 
land-u~e patleJ n based upun thc ¡onrncy fru111 work ltl 
home, Frum F1g, 6 one ob.,crve~ th:rr land-u~~ p.ltl~rrh 

whrch ::trc rcl;~tivcly cxpam1ve (ami dnrartemcd hy l11ng 
work tnp~) Jre aJ,o cnt:r¡¡y-Int..:n~Jve llence, any v.tr rahlc 
l'<lptunng ch~nge 111 work tr;~vcl wlilllkcly expla111 ¡¡ good 
de al of thc varr.ttwn 111 .:ne1 gy. 

Thc rcsults of thret: ~Lraro~te lrnear regress1011S uf 
energy Upfln auto veltrcle 1111!e•, t•avclcd :o wurk .u~ ~~v~n 
Ir. F1g 7. Thc ~ulrú li11>! n.:prc~t:lll\ ihc rc,u!,., f,H ;,¡¡ 
expenment\'.~·thc dJshcd IJ:tc for thc uuto/tnul\11 ullc,, 
il'nd tf,c J-:.'~hct!-dutlcd Jinc for !h~ dUIU·Oilly ~i(IC\ r\il 
w~rc srgr>iti(·ar,t.al thc l':''c. lcvt:L The rmpurtanl·c qf !he 
work tnp ~~·~ven mor•; g¡;q>:Jic,JIIy dlu'>trat~d hy .r· 
reL.rron~irip heiwcen average work trrp icngth by .tt.:,, :ot•d 
l1l!JI e ,,,.,-,,y ( 11' tnp purp•J~c~) fur tlto~c: '!!".:' 111 ll'hiL 11 .e 



124 JERRY l EDWAROS 

"' "' "' o 
::E 

<i· 

60-

40 

All 36 Exp(!r¡menrs 

17 Au•o · only 

19 Auto- ·rrcns11 

;o ,f;o---~-~----:,~:'":o,--Q--~¿bo 

Aulo Vehtcle Mtles Trcveled lo Work (lO' Mtles) 

Fig 7. To!al energy, ull modcs vs auto vehtclc mrlcs 10 work fur 36 exr>erimenls 

~r ·A'· 1 z 1 
5 

3 

23 
:1 

401 " . . 
ái •2' • . l º ,.. 
~ 

1 
10 

~ ~· . 
e 2J w 
o 30 13 . 
{!. . 

30 

/ 

20 - "2• 

Lr 
•zs 

..J L 
?O 60 

/\veroge Aulo Work Trtp Lenglh (M11esl 

Fig 8. Total energy as a funetlon of averlge work !rlp lenglh for 18 auio-only .:xpwm~nls 

auto i~ the sole mode. These rcsults are !IIUslraled 1n Fig 
8. Thc: equarion of the lme segmc:nr drawn •~ grven m eqn 
(20) ;,~ follow~ 

TEA= 7.~4 WAL-+ 7 09 
tllJ.It (11,3~1 (20) 

R1 = 0.96, F1 •• "' 363.0'(1 stallstics benc:a!h coefficients) 

\li he re TEA " rl]e !ola! encrgy (by auromobrle) fo1 ;,ll!rip 
purpo~.::~ "' !O' 13tu. &nJ W -\l. '~ rhe Her.t•~c work trrr 
leng!l¡ by .rulo rn m1lt:~ 1 ht: rcgrc~~•on 1~ ~•gmftcant ..tl the 
l~fc. lc\ef, anJ Wllh !he C\l'CPIItHl of CX[l~fiOICIII 7, the 
slrJrgtrt lrne c.lpture~ ncarly all of the ub~.:rv.tltnn\ That 
e\pt:rrmc:nr r~prc~t:nh ..r Sflíc,rd CIIY Wlth a l.uge 
1!\fldii\!Ve low J~n~rty lanJ-u~e p.tllcin There 1s a 

re!ati\ el y sfwrt average Wtlr ~ t11p for thc tle•:r!oped ::r.:a 
bel·.1mc employrr.~nt 1\ 'ore,rJ uorf,>rmly ova thc enme 
ar~J f !t>ll .:ver, ir.rr.,¡:-.n.d tr,rvel (c.g ~crviCc' 11 :p~ 1.>f tvpe 
)) ••Uhtl1<' the :e •Ir.•• 7on.:' r~ J.• umplr~hd enru<~v hy 

auto and thcrc is extensivc stor and d.:lay movernent. 
making th1~ strucrurc relati\'efy cnergy-rntensiH'. 

f.vcn though the averac~ lcngth of auto work lnp~ 

corre la le~ ver y h1ghly with encrgy 1'1 th_e auto-on!y cll:e•. 
this variable tloes not <.Orrd:.:tc a~ ~-.en (p = 0.752) 111 those 
citic, whcn· hnth nwdcn nr~ flJ'tJq!:nt. lndc¡;:¡l, nllt cvenll¡e 
nvcragc wur:.: rrip lcngth O\'<'r ull rnoJe~ wrll ea¡Hlllt! 1111' 
v.mation, as sccn by F1g 'J. i'hr'i 1~ bc.:Hu~e a 'kor h. II•P rn 
l! n1ult1-modal tity 1' no 1 on~:cr tht: sofe deierrnin1ng !.h.WI 

1n exp!a1n1ng vanatron in total ~'lergy ftl~,lalher,one of 
SC\'Cf.tf ll!lpur!dn! f~ctorS WfiiCh ~n: fOIIOU lO 1nnucnce 
tm,d energy .::omunll'd 111 tran\port.rtlon Incil!ded arnong 
tiHhe factors are urban ~h.rpc Jnd the •allú oi tran~rr 

pcr ~on trrps ro all person trrp~ (mude ~pl1!) ".fore 
spccihct~lly, Frg. iO nhr~ rt' aprarcntly drfferenl ~en­

~liiVIIle~ of energy, to rhan,·e~ rn avera~e work tnp length 
Jt:rcn.lmg upon thc: ~!lar.:. E\r•;nrnenls !4 unJ fl,-21 
repre~ent con:cntr;rted rrr.~ Cllrc~. whr!e numf>er~ l~-35 
tht: rnfynucleated tyrc~. How•:ver, numhcr> 3~-j5 are 
ch~tr.rclcn¿ed by !he ~ame rnoJt: spl1! (50% trar"11) ·.rhr!e 
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'"""'' "' 111'1''"'1' tn uhcrrrr .17% trrrnftlll ~hl¡;h In 111rn 
r.llllcr rrurn 1111!11110:1~ !11 ¡rnd ll lfllll¡jhly tr~':'f lrllll\11). 

'llrr\ suggt'~l\, ;~mung crlrC\ of !he 'ame ~h.rre. !h.r! !he 
encrgy ~~11>111\ r!~ tu ,rvrr,ge work !rrp leng!h ¡, .rbo J 

funLiron of mcrcle ~p:r! l hl\ func!ronal rela!lon,hrp, J\ yel 
tJOIC\Icd, '~ .!r\pl,¡yed rn r rg 11 Exp~flnl<!llh 1-13, a~ 
wel: as nurnhc·r~ ~2 .unl .:!1 11ere cur.duc!cd wrth unly !he 
au!o mude. v.lrr!c nu111bcr l-1, a~ menlloncd prev10u~Jv, 

ernrlu;-ed lr.rn,•! '" v.t: 1l.r5 :w!o lly con~trucwrg chec~td 
!Jnc·, f1.1r.tllr.:l lll !he su!rd lrn.:. Frg llrmplre~ !h,ll v.tnal1on 
111 encrry. f11r ¡-•¡,,., of !he 'ame ~hape an'd mode \plJ!, c~n 
be predrc·tr.:tl h) \'.J~.<r!ron m averug,.: work 1r1p lcngth. 
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URBAN STRliCI URAL CO\II'ONE'ITS 
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1 kA \~I'Oit1 A 110"1 f 'lif.l((, Y 

From one experrmenl !o rhe nex!, 1here were ~e ver ctl 
factors varymg srmui!.Jne~~usly, makrng i1 vcrr drfficult in 
many ca~e~ to sr.:p;uale t~rr.: rmpor!ant f.tdor~ from tho~e 
whrch are only ~ecundary. However, m mo't cases, !he re 
emerged J clear corre~pondence amung seis uf expen­
menls between varia!ron in Jota] energy consumption and 
the factor undcr consrdcrallon Detarled analyse~ of thcse 
factors (or ~lrudural componen!s) are grven tll' Edwards 
(1975) and Edwards and Schofcr ( 1975). Tl'íe pnncip.tl 
components fuund lo bt: importan! in explaining dlffer­
ences rn energy were ( 1) the urban forrfl, (~) lhe o vera JI 
levcl of servrce providr:d by !he transpor!aliun ~ystem (a~ 
mea~ured by uveral! !ravcl speed), and {3) !he exlent lo 
whtch publrc tmnsrt pla} s a role in thc tran,por! syslem 
(the mudt: splrt). Wrth re~pect lo !he hrst componen!, four 
drstrnct drrnensrons werc separalely rden!Jfir.:d as con­
tributrng wbcomponen!s The~e were (a) urban share. 
whether r:oncen!r re ring, lrnear, polynuclca!ed ur 
cruciform; (b) !he geograplrrc e' ten!, (devcloped i.Jnd area 
rn square rnrles), (e) the d.:gree of concen!ratron of 
populatwn ahoul the ci1 y cenlroid (mea~ured by !he 
second mamen!), and {d) !he degree of employmen¡ 
concen!ruliLln ahou! the crty centrord (..1lso .meas u red by 

Table Urban development fac!ors to be consrdered rn 
rrrt>Nolurl"u "''' gy cnr¡•or~tnu tlLIII~Iul 
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as~ociated wrlh high.:r ener~y !ev ~ls are succir.~i!y 
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What are mathemaHcaf models 

and what shoufd they be? 

Frank HARARY 

Resl':ilrch Center for Group Dynamics 
lo1stitute for Social Research 
The Unívt:rsity of Michig01n 
b.nn Arbor, Michígan 48016, USA 

No matter what the area of scientifJC research, whether social or 

physical, ~.a_th:~:t!c_~ __ !~¡~~¡-~~ _i~ _ i~~-olve~~ _ exp~~i_tly_ ~r- implicitly. At 

the least, the p~ec~s~-~<_?~r_n~l~tíon_ o_f_ 3:. pr_o~blem., entai!s some-·a~_i)ect of set 

~~~~~-!~~--!~gis_ Ge~erally speaking, the ~i~l?__:~~e~~s~ uses the te;~ 
mat~ematrca1. model for whatever tr_:~c~-~~-~~~:_1_!1~~~-fl_l~Y--~ 

.:r~Jy¡~~ ... '-~ -~~-~- p;~s~~~- E~~lem_. On the other hand, the r~l.~~~~p:ma; 
IJnzn-logJcJan J0~1sts stnctly on the use of 'model' to mean a certain 
':nteq;r-¡t:ÜTciñ" of an abstract axion system in the real world. 
- ----~· ·- ----·---· .. ------------- ------- ---..-!.~ 

We begin with a self-contained de\ elopment of the concepts needed 
for the discussion of research proctsses. This leads to the distinction oetween 

.t.~~--~a.!_and ~~s~r~~ _"::~~~~ ~nd the i~t:~ ~~~w-~en_~-em-:~y i~e~p~-; 
:~n and abtmctJOn. A surular, but conceptiLlll}' different bifurcation JS 

proposed ~for- the -~-; Jn:els of research : digging into the foundations versus 
:~:.~namg the horizons of lmowlcdge. Th~¡-,-;~;¡-¡¡;,:-~tion;~--;s;embled 
. --------- ~--· . ..._ .. ----~--- ..., 
1nto a ~~.E[~h~~sive _!esea:-ch ~Schem~ which enables a concise analysis of 

~c~e-!2_tifi<:_dis~~~~IY.· Classica! illustrations are' provided, includingt~~ ;io;¡e: 
about Newton, Darwin, Freud, ::wd Einstein. We conclude with sorne sub-

·- . jective e\'aluations of ¡¡cceptability of mathematical models. 
- ----- ------- ------------ -.O 

1. - What Are They 1 

We ha\e ¡ust noted rhat the •.;·ord 'model · hlS rliffert-nt mean.mgs for 

e mathematician and th<: scien.tist. When a md!htuutician uses the word, 

" is referring to the p~Jsical or s~~I__::~Ii!~tio;-oThis" theoq. On the 
cthC"r hand, whc·n a .~i.~~~ speaks of a math(·m-a't',~i-mOdel,-lre··~eans the 

:~rea of malhernahcs which .~pJ>!ies to h1~ v.úrl-~ Thus one ~ could 53}' as 
;-;--;e;-or;í~- ¡¡-¿ that; ~-;-od~l i~ ;Jv. ~ys- t~- ¡;filer fellow's sy~t<:m Contrari­

wise it also appears to be cu~lomary by usage to rt!fer to « research » as 
what ¡;oes on in your Clwn domain. ·---·-" 

!n order to de-fine a model risoro.Jslj', it is convenient to de,elop 
(as in Wilder [ 4f~7." r;-a---;ño~e- -;¡t·m~¡;·ry presentation, Richard~on [ 3 J) 
sever~ notions in the foundations of inathema.tics. Recall from high school -- - -··---- ~ -- ----- --- -------- ..... ____ . 
geometry thal Euclid' s axioms are about as follows ( depending en which 

bi)()k yon read). The w~;¿~-~ point » and « line » &re undefintd t<:-rm!. 

A1 (Axiom 1) Evr.ry line is a collec~ion of points. 
A: There exi~t at kJst t wo points. 

Aa If u znd v are point~, thc-n thc:re exists on:: and only onf' line 
rontaming u and v 

A. H L ís a line, then there <:.>..tSlS a point not on L. 
A5 If L is a line, and v is a point not on L, then lhere fXlsts on~ 

and only one Iíne contain;ng v which is parallel to L. 
Axiom 5 is the celebrated « Parallel Postulate » of Euclid. 

An [~~~-!11~~'!1 _¡,_':': ~~~.!-~.l comísts of twe sets : ~~~·.I:..?f_25ir~i-~~f 
~E.~ -~set -~ '!f _ ~¡~~~;. ~·nil~~!::~~~C:...:.~~ _:!:~i!:~.:t.:2' __ u_~~:~.'_1!~-t_:r~s ~P?~ 
~~~~~--~l!_~efJ~it_i~:_!? the -~li~~~~!>8s~. ~_:~~.:.!-~~-~~a~c-_fl'!:~.t which 
are asswned to be truc, and from which other statements called r/uoremJ<~ 

~~--~--~e!~":.e~" P;i7ni'tives ancl a.xioms serYe to avoid so-caiied -~~-~§ 
definitions and circular reasoning Each axi,xn in the srst<:m is al", a~s~:ti?~ ----- ----- - -- -------. --· ...... --~---- ------------
about the orjmitives. -- - .. -. ...... _______ G 

Eudid's axiom system consists of two primitives, 'point' and • liae ', 

and five axioms. When E'uclid developed grometry, he made a distinction 
between axioms and oostulates. Both were statements who~,. truth was 

¡. 

assumed, but axioms were considered se!f-evident while postulates -wc.e nct ! 
This distinction eventua!ly proved ur.necessar¡• and even undesírab!e, and 

toda y _:xi~ _ ~~- P.?J.~a.!_~_a_:e _ sy~_onr:,~~ 
--- W!e- shal! derJote by I_o_!_T(tl ~~~ set_ ~_E.!..._t~~~s __ ~:_:i::able_!r?m. 
~~~~~~-~~st~~--~- Then ~_!~J~!?.f'__t!!_a_l~• .1/ Il!.!e!'f_J!'..:.._':_.__T). i_s _ _a.:: _a.x_i~!n,. 
~~!:'!l_~g~~~:r ~~~_a}l_ -~~~re~ns _ <!e~~:ab!:_ fr~m __ i~4 

Au mdet;,mdmr axiom }_ ot ')' is one which cannot be d .... rived fro:n 
ti! e remain·i;;~ ~;¡;~;~-An·- ~.-..Jan ;J/t'm _is _ ~ndep;!:}~!iL)!__e_\e_ry_-~-;i~m-· · s: 
~~;rc_n-ji'n!. it- is -calied (o~z~;~t~n"j i( ther~ r.!e- no twn contradictor\' st.,~c-­
ments m T (~). 

o rollowinJ; Abraha:n Kaplan (oral (l.lJnnlL'nhatton). 
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One of the cbs~•caJ, probit-ms in 19rh Ct:ntury m .• thtmatics wa;, :0 

dc:krmine v.hc:thc:r or not EudiJ s P.u.tlld Pú>h .. bte, A,, was indepc.:ndent. 
The consc:nsus of opm•<.n was thlt A, w.1s dc:pl·nJ<-"nt, that is, !t coulci be 
d~rived from 1\1 -- A •. Umutú:~ful· :ltkmrs to derive A~ led to the 
d1~con:ry insread of non-c.-udidc:m .~t·ometry: The two. t) pes ·0[ non-c:uclidean 

~t"Ometty are now respectively c.lllcd /.,1pub"!'' gt{l111m-y. (Boly:.i-Lobachewski 
r~depeodent~). in whkh tl1,..-e ~can· be· many p.uallels through a poin~ to a 

ime,. and _ell~piu· g,eamSfiJ; ·~B'ii:nunt:i}' in wruch there can be no such parJJlel. 

. ~·n·':'r:nl:f/J.I'l't!!~J:?;:f'~; ah'. :'l~ÍOlll1 srstemt is a.o: _a~SI_!;n,mtn~ _ of ~!:fl\::l~ing~. !_C), 

!~· p~u~:~wes _ wh•ch·~in.;Jk.es, the· :1xioms become true· st;,ternc:nts The results 

of. ~-j~~e!pr~ta~~on. o!·· ::8 is callb:i a mCNief fcr- ~- Thi~- i.~ th: ¡;trict t.: se of 
• model"' .merrtionerl ear!Jer. -

An .axiom system is c:dl~d Jd!JJJ/.rhl: .. • if _ it h:!S ac 1eJ.H one model. 
!~~-~?!':':~' _ ~~ _ :>.!!d M: a{ ~- ait: ;so,7or-phk. Ú fuer~-¡¡ ·¡-·1-l·- ~o~;;s~ 
t~~~~:_e__~:_w~en_ ~he elements uf M 1 .md rhose of }..f:_ ~v~~r.~_pre~.;.~ ~\~rY. 
~-s~a~~-~=~!-_ !n a f41_egom(/j JJ00'11 system, :t~y t~o _~e~~~ _3!~ ~~;1o~p!tfc,; 

To illustrate, consicier an ax:om system with primiti;es r- = {S, o}, 
:»here S. i~. ·2 set of inte-gen, :md o is a binary operat10n. This littlc cirde, 
~~ is. ctins:e,1 ?S ·:¡~1 tmdl.::fined !erm ior :: binuy oper.ttion denoted a ~ b, in 

o~::r f<>'''" ni~l· Er~cci\·ed: oo:¡ons Lhat a f JnliliJr symbol like e + b would 
;briug tri m!Qd. The bliowjng s~.Hcmeot Al - AJ are call-:d sw¡¡p axiom: 
~.nd 11oy s.;-t S· on whkh tht:y hold h callee.! a g10up und::r thc -~l;~r~tio~~ ;~ 

A: (C!osurc Law) S is ciosed under o, tbat is, if a and b :He in S, 
a o b is in ~s. 

tl2, ( N.;socis!i·v:e 1~\\:) · .CJp'-"1abo11 " 1s J~~ou:tU\t, !hJt 
= {;; "_ lij o e f~ aii a;"~·- ·MJ{,, in :s .. ' 

' l,b o e) 

As '( Tdci>titi_ Üw) l"'tie[e' •ts) li' unique dement i in S, called the 
jdcntüy dtment, such · that a o i == .i o· a == a [or a JI a in S. 

A~ .(Inverse Law) Eor t\'tC}; a in· $, ti1ere is a u1úque demc.:nt, wn!ten 

.J'"
1 and ciil.led the Í1wer1e of a, such that a o tr 1 = a-• o a = 1. E~ch of the 

.fcur grO:~f ::j::m-!s is indepcndent, and so this is :m indepen¿ent axivm 
~yatt:m. ;f9: ;:crífy· that: 6u, ~iom systc>m :s ~atisfia.ble, we now disr.lay :. 
n~e!. · - --- -- ·· .. • 

·One mode! ·for this system 1s du:: ~et S, = { 1, - 1} under mulup!.J-
c¡¡ion. n;liS this ÍS called a f ' 2 . h . . group o orfJt"l , 1.e., :tvmg JU!t l:wo ele-
rnl:flts. Th~ id<·ntity dc::ncnt is 1, each elt-mc:nt h:l.s itself as an .imer~e. 
snd S i:. ·obv1ousiy· closed: and a~~ciativc, as can he St'en from ü:c f.JI!owing 
m<dLiplication table : 

A ., 

X 1 
-l 

! -----

1 
--1 . 1 -· 

Anothr:r m.:>Jel {,)r u11.s :. -..w•n ~ptc..m IS the 'et S: -= {O, 1} unJer 
.H!dition modulo 2. 'IX-'~ def111e ti1c ~u m of a ;,nci b l!lOd 2 to be tllc 

remainder of a ·+ b :~ftc:r <'" 1sson by 2. Undtr th1s opn .!tion, wc ~:-:(.' at 

o.Ke from the nc:xt t:tb!e thal S.: is clost·J .tnd :ts~oci~tt•:c, O is the ident1ty, 
and ':'aCh element is :16-un its own imnse. T~;u; s2 1$ also a group o} 
ordcr 2. 

-i- mod 2 ¡ O l 
---·-- ---1 -----

0 o 1 

l o 
More genera!ly,· one can tJ!~,~ S w be- the set {0, 1, 2, .. , r, -- q 1n¿ 

a 0 b to mean a +- b (mod u) "Then f6r e;:.rh positivc i:-:te_ger •1, \>.':! g~t 

a distinct group of ord.:r 1: Thus the .. bove axiom. system fm g1o'.?,; is :Jé;t 

categoricai, since it h::tS m:my noo-i~amoJr!,!c models. 
The~e two g10ups, Sl :1nd ~. , :~re i~Cmürphic sin.:e \lle can l::l OlJf. r::· 

tion X COlfespond to + u.d mod 2 aPd sct {1,- l} to {0,1}, :u>d aí: 
jtateme>nts derivable i rom the axioms stiU hold. That the t· ... ·o modds. :r.rc 
isomorphic is also shcvm ir, r!.e fact that thcir tab!es both hHt the fn!Jo~,o.·lng 

forrn : . 
(j " . 1 a 

1 -----¡-------. -
a . a ll 

1 

b 1 b 

In fact, a.r,r patr of groups with two eJ.er!1r:nts. an .. ~~c:~orphtr, so ~~ is 

custom~:-y ro speak of <( \llc ¿roup oí order twc- » 
'fbe study of group theor} w¡s onginally 111otivated by pwperrie~ which 

are P.,'J~~ess<.-d by the S}'Inm;:•rit:s of a coniigur:J.ticr., wherher !( be g~·O!Jlt'"rric, 

algcbra1c, arc~itectural, ph} ~~u.!, or 'chemKal. It is n:adiiy veCJf1ed that sym· 
metries satisfy the four group :;xiorris. For cx:unpie, the inverse of a srm· 
metry of a conf1gurat10:-; is the nJrt'esponding symmrtry m.lpf:ng done ir: 
rever se. 

2. - Two Worid:>: Abstraer and Empírica! 

T..lle re:1i.m of re~c.mh .tC"''H)' 1s n:HuU!I)' .Ji,ided. ¡...,to rv.c v.m!ds : 
the ab>trart and the emp1rJC:tl Tia.• :~b:.tract world is gené'ul!> '·-~arded as 
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the domain of · thc: mathema!ician, !ogiciao, or purdy the< ... rt:'li..:al phpicist, 
whiJe the t.-mpirical worl(J is inhabited by .:'xperimcntal sci::ntists of rnany 
\"arjeties : physical, social, .and1 others .. There is a growing !r:nd,-ncy, 

how~e;-, for ·P.~le to Iive· in both worlds in ti-ocie intf"rdix-ipl:Pary times. 

Those wX10·· wo.ck entirely ín the absu .. ct v.orld are en.gaged in dcriving 
.~ • 'L t • f nev1 .... ~.t<:ms f:lt:ter • rom :JXIOil'iS or rom :..o t·xisting thcory or coherent 

hody of th~-orc:.rn~. Such r~sultc; aro: u:.ually t:Apre~sed in S}'nbols rz.ther thar. 
Pumbers, and rare!y touch upo11 thc , cal v. orld. 

On th-:: othr::r bnd, the inhabitants. o( the l-mpiri:a! world <! work fGr 
a living». Sorne live in Jaboratories and pr:rfo¡m experin·,enZs in oraer to 
colkct mcar¡iagful data ler.ding to a scic:ntifíc theory. 

The two world!i are shown in Figure l. The two luops (alled !I~~!I 
~~~i_:g ."'~~ __ c:_xp~ri~~'!t~~~~'!! n:present purdy tht:o;~uZal . anj purdy expe­
rir:1em;,.L rt-~t.~rch 

F1gure 1 c:xhibits a ~ynvne!rk pair of J¡rec!er{ EP .. b' belwcen ihe 
wodds, tn~ · first of whirh can be cnlÍfd wtu¡:retation in a.ccordancc with 

he m:o d thi;; word in th~ !'receding sertion. In a coufrontation betwe:en 
the:se ~v-n v:orid.,, th~ rr.:J.thematician'::: theorems her0me predictions about the 

t.'"l~f..<l:')' 
ü~t'tet.m;: ,[tr==:J __ ---~~~~nte~:~ c-;-,J 

'A:bs1.¡:-dc,t:• -· ; . 1 tJT·¡>i:rical R 
-~- ---, ' '~...:.::.....,..-~------ [ ________ ~ ___ j 

abs\ t·act ion 

Fig l. - Two worlds 

experi­
r.!'!nta,tion 

.:;=?tl r.,r:c::Ici, ,.,hicjl. .c#l be tested tly the scientist. ~pre~ict~~ ~-~~~fj~~ 
~~1!:::;:-:R~~op_~~~~xr.:~m_:n~ the soentist feels that the thc~.,re:m reJJly works, 
. ~ •'-.' -- • - --. _, l. f . • . 
. :::.11 . .\:!,_f:. rQ:~t.k~i!;i.l:!.fJln !'.as .OW1a a _,·eal_!!_g!z~'!l,-

tf_}h_e __ E~f!_Í:m~::!~- ~ t)!e_!r__i~~!!~-lh~~~~el __ car: ~~-~-~ -~s~"' 
!.L{ow'=.V.er, :n c<ses-· ·where the pre-dictions are not vt'rified, y~c are « r?the! 

'{ji.~~~:- .v:- -;!;l,eect, further abstrac•ion is in order r<" constr~:::t a wor'í:_jpg 
'&f\f'""'n'O}. ~-----~~e -·~~ ·- --. . "1 

~~~~, 'fiíir -~l:§E~<:~i_'?~ _ i~- !~~-~S~~ -~[.~I:_:_ ~}:¡:_e!~l]<!!t...!~~0) Jl.&;~~a 1r~_~fl_a!~ 
~~~s~,~~~~·~sñ!)~lL!esulU'Ln~~ _tht;t:re~s .. These ~~er-¿;'::_'!1~ ~t?P:f~~Y .. 
%'71J:'-t~~: ~~~ º~~::r _predictaons than pn:viousiy, and.. to ~>. working rr..ooel. 
~~---~,...--~-"!.-""'<'--. .. --- • ---- - -e> 

~,..~ 

~::~ll;:\ii't. ~~ o!;1!~fi¡J¡p¿ """pirirally that the !fts s.:ientific a subjt.:t, the .I!IO!'e likdy 
'r!:l~'-;!lll.i·~~l!~I!<Jnt>rs n.!t 1t a wcn('e Outst.znding e~:awples inclr.ak{irt al_;~h¡¡M.riaX 
@;~'1:) · ~ ik'.fflv1:-¡ -rit-nre, lihrJf1' ~tienre. militaay •cit"~tte, ¡n1irici:! !Cien ce, and 
~ .. ..;;-• ..,:t-:>cio:t1:l"i;. 

) 

G 

3. - iwo VJorlds: iwo level~ 
EJrh of oar two .,.. v;lds m ay be div ided into !~o__ b el! As we hH e 

indicated, the ~pp~~- ~~~; __ ~f _ _!!l':-~~s_t_!!ct _1A!.?r:l~ Je,Is with thl" ~t-\ elopmen] 
of m 1thematica! ~y5tems by the dt-m auon of th::<>n.·m~. \X't- h:tve diKu~;e<l 

inr~:-;:~e:-~on -be::~~~ ~\'orki·s--at thís -~~v~l -by-r.~t:~;s · ~t intt-rrrt-tataor. ;.nd 
·~------- ... ---------- •--". '------- --5 ---- - .. - ·-

absirl.ction. In this se-:tio~ we shall obs~:rve that rhis ~ame typc 01 inter-_ ... -- --. -
a,tion CJn occur at the lower leve!. 

1b~ lowc=r leve! of tile abstr.Kt wodd. dea!s with thc: foundaticn~ of 
ma!ht-mliti~s • .axio~.- ~;;-d logic. The research actavities. might. i~·;ol~·e -t;/n; 
í~ rr~vé ~~nsiste~cy -o.- -¡~~i~:rt:~dence "i(an"~~~~~~ 5ys~em.; --- --­

• - -A ~¡tb<:"r esol~ri·C· a;ld dr~a~a-tfc ~ecent example of an importan. diKCVel'!" 

at ~his leve! is given or z:Oe dcfinitive work oi Paul Cohc.-n (l]. It is lmcw,¿ 
(sce \\(!J!dt'r r4J, for e:>:amph:) tha~ a 1-l COnespO!!dence C:!O be W!"!Sl.n:CI<_,; 

between tht na~ural nwnbers, l, 2, ... , a'ld aH the .íntegers, ... --3, -:1. 

---1, O, 1, 2, ... , :1nd be<,.;e.:u the integeu and thc r~t.onttl numlk'r.:. 

Thesc: three sels of numbets are aH súd to ha~'t- the !.a1ne (wf.nitc;, 

rardin-lli:y which is conw::ntion-ally dt:no~ed ~" 
It is also known that there :;.re mf'fc real numbers th:m mtegt'r5 ".'\.: 

real !ine h sc-metimes cai!~d the rcw1fir:Pflf'l, anci so e i~ written ro~ tn~· 

r.umber cf real~ The conthumm ,.,ypMhPJ;r ~tates that tbtrr is nu inf:nhr. 

¡;et 'l':ith cardinal;ty be-·JTeen ~-..;, and , .• 

Cohen. provcd th:!.t the contmuum hypoth::-sis (as well as ;l, n:;,;:tw:rJ 

JS mn~istent with the usua1 axioms cf set theo<y. As a cor.~e·:¡uenc.:, it is 
iqcl':'PFr-(i~nt ~~nd rtfrJ '1t:~>:"bf'J. fl{' prl}vf.~ ru'r d.i~~rovf~ :n ':h¿n ~X;r''tT' f;;Y ,;f"!n. 

Analosous to the de\·dopm~!lt of nor.-eadidea.n g:-ornr:¡ry, rwo cn_;-d) 

dii'fereot axÍOm SVStems i1a"Je oeen. created; OC!e by as~OJming the COL.l¡:1t!Ul1' 

hypothesi~, and the c-:her by takir::g its nc¿;atio::~. (ohe:' ;>.\o preved thc 

indf·p~ndt:nCt of t!1e « ?..x;om of choice l:t. 

Gn tht othcr haJ1d, the ~~~~;: _!_t:v~!__o!_ !~:.. ~r:-ei~~.J -~<:'rl~ ilio deais 

wi:h [ounJ~~0!1>\ l:.at ~~~·e _fo:~of -~he. ~~&}_~.)a~?. of _s~it:-:_1~<'" Kepkú 
LaiVs of Planet;uy Motio!l, Dar'-v;n':. Law oí 1-J~:ura.i ~r 1 <..'Ginn, t'Je'iV!0rú 

La.w:. o{ Motion, Kirchhoffs Laws oÍ Elec~rici~;. and Einstein's Law el 
Specia1 Rela~ivüy au: ti! r:;.cre, 

The link between th~ tv.•o woda:; at tlu~ !ower ievel is quite :malogous 

to that ¡¡t the •.tpper leve!. Thus i~-~r.::~p~~ation. ~(_ an a¡:i~!TI le~ds __ to ~ ~así~ 

la.w about the real worid. while on abstractior., ~ cohertnt set of sci<.11tiiic 

i~~;~--i,~~o;;~- ~~-~~-¡:>~ ~;.~~em.; The. ;ch~~.~ti~- re?rest:t~t:.rior, ~f -i~tcractíot~ 
1:>'-:tw¡;-en the two worlds is sh?wn m Fig:!re 7.. 
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Abstract r::r.pirical 

interpretation 

Theorer:1s Data 

abstraction 

i:~ter?retation 

---

xiorr.s Laws 
L-

~l 
~ 

-- abs'Craction 1 
f¡g 2 --- IIHeract•l"l bct\\ len the two \\·urlds 

4. - Two levels : Derivation and Selection 

Ha,j¡¡g d,scuss,-d inter:tmon between the two worlds, we shafi now 

:~t~~lish lmks be:\\ etn their upper .1nd lowc::r levels_. The pr~~s~ _of clif!J~ing, 
f r?m !he lov. er le\·el to the upper in the abstr .1ct world can be regarded ~ 
deri:,ation. For we begin v.tth an axiom systcm and the~,-~om~tim~ pain­

fully, rie;ive progrtssi' dy complic:ltc-d thcorems. to obtain a mathematica! 
svstem. . . 

Now consJder how one t:Ot> from the upper leve! ro the lowe~. Fr~q 

~n ·:O:Jo..tsting body of theorf:llh, Jn :J.:oom system is to_ be buii~. To accomplish 

thts, we se len, a body of p.1~t 1cul.uly appropn.1te and f r~ttful theoremsa to 

use as axioms. Tlm pr'--''Cess of S<ÍeCIIOil ptlds a small, more mana,geable. 

and often more pov.erful S) sícm. wh,ch. 1s condu.::tive to thc deri\"ation of 
new theorems. • 

?election in the emplflcal world tnvoh es colif:('ting and studying 

amounts of dat~. and observ111g a pJttcrn whtch may suggest a general 
Thus it is actlla!ly tre m.!rt, uro~, procLss 

vast . 

Tht:re app.:-ars to be no di•ect !.nk ¡u thc: ~:mplfical \\urlJ frorn the 

lower level to the uppcr. DL"m :1t10n dO<:s occur, :~nd in f.1ct usc.-s the 

deduction procc:ss, but :1gam ami ag.{in we find that it t.lkL"s the « lons 

~:ty around », a~ ~hown in Figurt: 3. One begins with S<::l aal ~cientific 

f1g ; -- D'""'-'l'wl 111 lhl empmcal world 

laVJs (lower right), and abstrJCt~ thc.:rn to formulas (lower lt:ft) from 

\\hich theorems can bf' dermod (upper lefr) which m:1ke preriictions about 

the real world (uppt:r right) It 1s COI1\'::nJcnt, however, to drJw the link 

reprc:-senting denvation directly as well, as \l't do l.ller. 

In general, mnonti\'e re~t:.trch ts in•t 1.1ted m the upper_ leve1 and 

particula.rly in the ~pper ri,ght 'Ju:ldfJIH_ This 1s due to thc f.1ct that the 

great m:tjority of natural and [ und.tment:ll t]Ulottons ari!>e f rcm :m attempt 

to observe or explain empírica] phenomen:t Jn f.tct, most rc:'>e.trch is done 

at the upper lev~l, both right J.nd kit, ''hile .tlmo'st no ont: continuously 

remains at the lower Jf:\·el.. 
For example, in ancient Eg) pt, the dt3COI ery of gt:ometnc formulas was 

necessitated by the seJrch for tmpro\'t:d t-.:chntques in me.1suring and sur­

veying. Problems in gc:omeuy Wt"re ,o]vc·d long before Eudid organized 

the subject in an axwmatJC f ormul.uion. 

3. - Research Schema 

We contend that the :tbove Resurch SchemJ rcpres~:nts al! the ~¡pe~ 

of interactJO_n between rhe Jb~trau :wd t"mpir·~.d \\~rld~ durmg the--processe! 

of research and d•scovc::ry. Its t\•.o J,J-':!onal 1mb .!re ~hortcuts which repre­

sent research processes th.at gc dtr..:ltl}' to <• oppo,ne » lp . .1dr:;nts. Thcre do 

not seern tC\ be any duectly J.;cc-nlln•g J¡J_gon.d imks 

It zs rarely but ,3cfmtt<:l) po,~tble lo pru!tct ~CIL,Jttf,c Llws from a 

body of theor~ms V. ithout .ICtullJ}" '' orkú;,: r i:!-; l"\_p~·rim•:!Jt:d ,]ata. This is 

represtnted by the d{z,,g~n:d f ro m .1p¡;e, -' , ; J <v .. -"'' ,;¿;í--.t m the Research 

$.:._1-¡ema. We ~hall sc:c: th:tt [m~tc-in too!-.. this route in his formLJ!ation o! 

the theor}' of spwal rtl a-tn.il): 



tt>eory 
bu>J~ing 

axiO":latic 
archaeclogy 

t.. ~~')..!.!.!E! 

L[' Tt,eorems 

e: 
~ .., ., 
> .... 
¡_ .. 
'O 

A.x1oms 

~ 

111 ,. 
.... ,. 
n ... ..... 
o 
:> 

alJstractlOn 

e: 
o 

., 
> 
¡_ •. 
'O 

F1g 4. - Research schlma 

Laws 

111 ,. -" n ... .... 
o 

" 

9 

ex;•erl­
r~~nta'"..lon 

empirical 
archaeology 

The s~~rl~ut_fro_m _ e?'Pe!_i_m_:~~a_I data to a~ioms.¡ skipping the formulation 
of laws, occas10nally occurs in the soc1al sCJenres when a careful analysis 

~f. _d~t~ _P?~tems produces a set of formulas_ that_ C<!n. be tak-~n-- ~;-~.o~~~ 
These are the~ -mterp'"reted, ;nd- }~p-ef~lly suggest an e~pi~~al -~¡~-.-~ithout 
0e.~~-l~·ct~on p:o_c~s-~ ·- • ·- ·· ·---------- -· ·- ------ -· 

When cons1denng routes between the t\\O worlds, one must also allow 

for tr~' ;~i_ng loops. at any c¡u.1drant one or more t1mes. The upper right 
loop, for c:-xample, -when tra' ersed severa! times, indicates repeated efforts 

in observation and collection of data, bcfore attempting to select corre~pon­

ding laws. 

One must also note that the most direct route is not often taken in 

research. This will become evident in the next section when we take a 

closer look at particular cases of discovery. 
... - -~ -" •• :.A 

6. - Sketches of Discovery 

Wr: shall illu~trate the Research Schema with the work of severa! men 

who represen! varied branches of scie11ce and mathematics. We begin with 

Euclid, whose work in the axiomatizat10n and Jerivat10n of what we now 
~'J~-~~cl idean • geomctry is. r~pr~~l-~ted ~cht.ma-tically- ¡;;Figure S. 

)l.uclld : .Aithough Euclid is the acJ..nowledged father of geometry, his 

main contributJOn was to its organJlation rather than to 1ts derivation. The 

early Egyptians airead y knew the rud iments of gcometry, including a form 

• lt has Ot'tn sa1d that rhe ult.male recogni110n of a man's contnhutJOn is confer red 
v.hen hrs name 1S •r.a.:le an adJf'Ctlve and not C3pi:aiiLed. 

lv 
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..__ Theorems of 
Geometry 

<-----.. 

lt' 
¡. 

-
P.xioms of 

,...- Geometry 

~ 

1-
Egy;:>tian 

~~~~o~servations on 
n··?SL.:r'e 

F1g. ~. - Euclld's Research Schema 

of the pythagorean theorem, and formulas for the area and volume o[ 

mJny geometric figures. Thus we attribute the upper right quadrant in 

Figure 5 to the Egyptians. The ~~~p_has!s __ o_l1 __ p~o_of6 however, was introduced 

by the early Greeks and Euclid's contemporaries developed many of the 

theorems of geometry. Euclid selected the five axioms above from ex.istm; 
results. ·~~ then pro,··;d .. fr~~--the-s~--~~~- th~ -teh~r-e~s of gcornetry .. then 

known and ; fe; n-~;-~;e~,-and. ·p;~;i~~~~~-~J~gi_¿aL~~~g~~~~_zanon. of tht 

material in an exhaustive text. By-·today's standards, Eulod's a:--iornatlc 

work is not rigorous, but Jt was an outstanding accompl1shment for Jts time 

·-

Theorems 
of 

Calculus 

--
Jl.bstraction of 
!...aws of t1ot ion 

.. 
for~alization of 
Calculus by Cauchy 

( 

~ 

' Verifi- •Collec-
cation :tion of 

1 Data 
1 
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. 

1 
Laws of 

Motion 

Fig 6 - !':tll ton's Research Schema 
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St-u·.ton l'nl1ke l"ud1d. "-:t'-t•)ll P(dl/llt:d t't:'} c¡u1drtnt of the 

Re<;earch SdH:ma · H '~ fn,t "t.! k '' ¡<; on tht up¡'t:f 1~·\f:l of the 'mpiriLal 
world, where he ex¡xnm.-n!t:d 111 t h,-,,11~tr}' ,m,! upt1cs wtuk stdl a stuJent 

Nev. ton' s most unport.tnt rcsults, howt·l er, "'.::re not denvtd from his own 
; cbta; but f¡om the v.urk of tho,c ·hefore··¡iun· ¡.¡¡., formubtion· ·of the LJw:o 

.: oj 1\fo!ion was -induced from Galdto, L \tul>ne t:.\pcrlfnn>tation. HtÍlCe, we 

cred1t the upper ri,ght ·loop 1n N," 1~111 s Rt st::Jf\:h Schema to GJiileo 

Newton's·Laws-of Motion h:l\e b,:cn stl[n! .1s follows: ,., 

·_ l. Every _body wdl cont111ue 111 ,,, ~t.Hc. of rest or uniform rnotion 

in a straight line unlt<;s 1t 1s COIIlpt:lled to rlunge llut _state by i~npres>ed 
force 

2. Tile rate of change of mumul!wn ¡, Froportional to the impressed 

r orce .lnd takes place in the lint• m \1 hlch the r orce acts. 

3 For every aclJOn, thtre ~~ .1n l'LjUJ] .lfld opposite reaction. 

Newton :eft the empuíc!l worl.:J '"j .:nLcrtd thc :l~S~~~ct_ by _.:-.-::p_r~~~ins 
lus _ laws syn,bo!Jcally <~s tgultlons _ His '' ork v.1th these resulted in the 
d1scovery of both .J,ffercntJ:ll 111d 1nte~r;l e1lculus. Others ind.:pendently 
diKOitred thesé contc:pts, but 1t is be!IL\td th:H only Newton and L:Jbnitz 

· (who dJsco~_ered ulcubs ind...-puidln:_lr) rtaJ¡zcd that differentiation and 
,integration were JO\'trse proce,~es 

Calculus d1d not become m ¡rhui' Hll.lll) pr(Ci>e until the next century 

when Cauchy introduced the ilLt ::-;sary con. •:prs of 11m1t and infinite sequence. 

\X'e draw a loop in the,lov.tr kfr c¡u.idr.mt of f¡gurc 6 to repres.::nt Cauchy's 
work m the foundatlOns of c.1lculu~ 

This, new branch of mathem :t1cs ;e.<ddj produced :;,n J,bu'l_da~~ suppll': 

~f theorems~ The prtd•ctions "b.ch rt<ulwd \\ere, test~d _i~ _t~~ -~~~!a~o~x,. 

, .and found to be ~ntirely cor;ect w1thn1 the 1an,g~_ of_ :_u~re~t-n::~~~lrin& 
instruments .. 

1 L ,¡¡ 1 

_,_, Emslem · E\entuaily, more accuf.lle meJsunng devices revealed that 

Ne~t.ory's Laws_of_ Motíon ~-ould not e.,;:.L:m the bt:lm·ior of light on either 

the mic.roscopic or 3Stronom.c;l! le, ~1 F~rthun~~rr~ t~e 'Michels:m-Mor,ley 

exptnmtnt proved cor:ci·JSI\ e!v t!J.tt << cLI!•o!- » l!d not extst These discoveries 
led ro a p::noc of grr:z,t ,:e·:·:, Hj ·.n j'h} ,,es p,une;red' bl ,~lbea Em~te:n. 

; • ' J Like 1\:ew~on,. EínsiF!rÚ _.n.IJOr 'h<rk re,tllted, J r.om; d:tta coliecred by_ 
. ·.scient1sts_ b~fore hím; Iiusk1n "JS a pu re! y thcoret1cal physici~t, ~d ne•er 

wo~ke~_ ~n~,t~~ ttP.l)tr .~igh~ "<¡u,..J.r mt .~ft t_hc: R_e,.e~r~~~ Schfm~ ... h,i(l}s~lf., ~ut 
he , etpa,mly : sti~u.!ated _a,~ ,lnorm~us !liiJ,llb~r .. of .exper1m_ents ~here. He 
pro?osrd .!l:t:: f~l!o:ving ...-ll!f''r:c:d ~-.,,om ~J 't.:m as b\vs oc' (,¿;ht ;;.;oti~n· . 
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1 ·'· L. ' ' ·') 1P- ., 
lo C) 

t:er i va ti ::m'· selection 
- ' 
' ' . 

' ·-- ,, 
'J 1 1 \ .( ,, ''• 

· Eins(ein ocabstr~ct~d. thc·'e' tl11ee i~m's- r~ .-.tn · •:-.,om syste_m~ from \\hich 

'•¡e: ~erive~ ·f~d'yo_d): ~f_.:;~;eo/~m~ .. ,;¡\~Ú~;L'r.:J .t~' the tht:ory. of sptx-,.tl 'ie~a-­
:tvJty. He foUJld that 1n p.u!Jtul.d, h1s Jl'>t.lll(C formulas for rdatlvtty 

theory ,were_ r_ela~~d to. rhose oi l¡)ptrboJ,c noneuchde.1n gcomttry, thus 

~elatiVlrf i-héory' r~o~:,des J l'h) >iLd !llOlkl tor h) pe rbobc ,t;t'Ometry. The 
R~search Schcm;¡ fo~ rhi>"ck'Lólcry "-~h'o",,~ll)"i\gure 7. We bt-gm 'm·'the 

úpper right'\viih'the i\·í!(hc:l,on-\furlc), t:O.:¡)Lfl•ncnl, and then gola the L'aws 
of Mot:oii'•cf·Li,g'ht 'm tl!e ]¡),,, r r1g!'t; ·.,nJ 't!i~!r ab>tiactiOn~· m thc !o.~·er 
left From''there• we ,So 'ilít :i1.:ur•:P1;, of >)'tcl~l :rd.l!J'.'It}' 111 tlk upf''r · left, 
and 'fj',1.3:lly to, thc c~per¡m,:m.d \':rd! :.riou' 111 'tilt up¡JCJ n_ghl \\hcre 1h1s 
cyde 1s!aited'r.'[,ristem: tÍ1tr\ '1\tJ:t' ·i:•~'t~!iJ''·tlm' ,'¡de':¡galrl w,d, h1s -more 
refirled'itJiborf':óf' .~::n~raJt rd~'ti\;;r)'. ,,,, ~"· :, ··,.·' ·':-,> mo;:. ;¡;·:cise l'IeJ~~·tJóni 
of';phys,cál•m't'asuri:-•n::nts: '1· :>.· -, 1c. • ,, 

"=1 ·-Da· u:¡;¡·· ·cf,·3rk~ Dü""n': 'PLÍlt · 'Í1lO>t <~ot J¡,~· hfe domg rnt:.Hch in 

ohly cine'' <¡u~dr'anl· 0 0f''-tht-" Rt 'l' .rc·!J ~. 1" nl:l, th:: upper r¡_ght. H :S i l 'c.Hch 
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care:-er he:-gm v,hen he beome •.!.e ot!JcJal J:c.tural,~t 011 the good ship Bc-agle, 
and embarl-.ed upon a f¡ve-year I0).1ge He m1de ob~en.Jt1ü'1S on all ~penes 
of arumals he could fmd, and took vohun,~ou~-n-~tes. Dur;ng the mm.inder 

of his !Ife, Darwin analyzed and classif1ed the": notes and all other av:ulable 
informJtion. The clim~ -o·f ·h;s·-;_~~rk--w~·s .th~ forrn~l;tioñ of his Law of 
·- . . 

Natural S~:lect10n ::n_<!__his _T~eor:r.; of Evolution 
DJrwin's theory as,erts that al! ~n11n:d ~peCies have dc-Kended from a 

e• · '11J10n orJgm. The vanety of species results f rom «natural selection », in 
v.lllCh those animals which are best adJptcd to the1r c-nvJronment survive. 

Due to occasJonal mutat1<>ns, certain an11nals 1n a ~peCJes are better able 

Theory of 
Evolution 

F•g 8 - Darw•n's Research Schema 

Medí cal r-Practice 

,¡, 

Psychoanalytic 
Theory 

F1g 9 - Freud's Research Schema 

to survive than others. These mutations may be passed on to their offspring 

who in turn will tend to survive and reproduce, eventually resulting in a 

new species which has been naturally sek·cted. 

F1eud : Srgrnund Freud, like Darwin, stayed in the empirical world. 

In f ut, their Research Schem~ta are qu1te alike, as seen in Figures 8 and 9. 
He began with a med1cal d"egree and turned from general practice to specia­

IIZltion. Freud (in collaboration with J. Breuer init1ally) did research m 

the tr{:'atment of « hysterical » patients who had physical symptoms for 

wl11ch no physical cause could be found. He in(_C:!~~d _ _iro_~ __ t~e_ ~tudl: of 
many cases that the symptorns could be trartd back to sorne repressed chjJd­
hood trauma, and went on to dc:1 elop the concept of the subconscious 

together with the rd, ego, superego. FHSt through hypnoSIS, and later through 
«free {l.SSOCJatiOn », Freud was able to induce himself and his patients · to 
rec all these forgotten expenences, and alle,·,ate their symptoms. 

14 

:Much of the p'~)cho.walytJC thtory wluch Freud Je\Ciuptd 1s stdl 

h1ghly contro•. c-~~'al tday, althou,gh it has rnade a last.ng 11.1¡>.1ct on the 

de1 c-loprnent of many modern theories in psychology. 

'Here has been a highly pub!JCJztd report of the proof of a <kep .md 

1mportmt thc-orern by a mathematician while boarding a bus in Paris It rnay 
be justas true as the anecdote about Newton's finding h1s law of gr"lita­

!JOnal attracuon when an apple fell off its tree. and lande:-d on his hc-ad 
This sort of phlnomenoñ does occur, but fortunately rs not an Jntrmsrc parl 

of the di~covery procedure. In the words of Hans Z1nsser, 

« It is an e_r~~_nequs JI:_J1pre~s~on4 fostered by sensat10_nal. popular. bi~­
graphy, that scitntJfJc discovery is often made by i(1spHatiOf).... Thrs IS 

rarely the case. Even Archimedes' sudden inspiration m the batbtub; 
Descartes' geometrical discoveries in his bed; Darwin's flash of lucidJty on 
reading a passage in Malthus; Kekule's vision of the closed carbon nng 
carne to h1m on top of a London bus; and Einstein's brrlliant solution of 
the Michelson puzzle in the patent office in Berne, were not mc-,s.1gls out 
of the blue. They 1\ ere the final co-ordin~!i_ons,. by m1nds of gt:nrus, .of 
jnnumc-rable accumui"aí:.·d -_f~cts- ;~~ i~2~ssio_r¡_~ which lessc-r men cou!d grasp 
onJy ·¡ñ -· tJieir UnCOrreJated I~Obtion, which - by them -- Wére Sttn ID 

~n_t~~~ty_a~d 1~tegr~t~d _in~o _gene~~~ y~in~i_pl~.s- 1_:_h_e _scÍ5nt!st_ t.a~~s _of_f f~o~. 
the manJfo(d observations C?_f pr_e~~_,:e~~g_r~, ~nd s_ho~~. h1s Jnt_el( 1gence, Jf n 

iny; bf~~~~_bil_irt_-~o :ais~rjm1nate _b_:twfe_n_ ~~ -jiñp_o!tan~ .md_ the _r!r:gJ,g,ble.¡ 
by -~~~~_ct_ms here and there ~~:- :~g~dlc.an! _ step¡:mg~tones .. that "'di ltad 
across the difficulties to new unoerstandmg. The one "'ho places the last 
stone and steps across to the teua fmna of accomplishtd d,sco:ery .gets ~11 
the credit. Only the initiated l-.now and honor !h__ose~·hose p~tll::nt _'?kgnt~ 
and devotiOn to exact obsen·atJOn hdve rnade the last step_ ro~~ible .. )) --- ~- - - . - - - -- - . -- - --- -- -- ------ - - - -

'X'hen a researcher has become sufficiently steeped 111 hrs prub!t:m, he 
has amassed enough meaningful data (mathemat1cians also accumulate data 

-~i~«-thought~;x-peri;:;-,~~t;;;) t; -p~;¿~i~.~ ~-t_P!9P_~r _ pat:_ern" and -~?n_~~i~e _th~ 
corre~~~o-~j~tu_re• I_h~ J~--:C~~~~;~-s~ry- ~u! _n_o·~- s~f_fJCi:nt __ _:~ep _t?_w~r~ ~sta.; 
~!~h_!~g- ~- -~h~~e~-• ~--~~~¡, which is valid, ~u~!_- b~ __ s11pphed~ oth.:rw1se, 
the assertion remains a conjecture The two talents of co~¡<:cture .. and J'Iü?~ 
app~;rto ¡;-~-q~ite -;~pa~~-ble ____ ., 

7. - What Should ThLy !:e 

h 1S bet.oming more fashwnable to ~se mathtiT'~t,~al __ rn~dels as a 

powerful analytic device f or ad'...an~ing_ ~!~_nt~fjc_ re~e~-r~h ..,m a reJTidi J..able 
,·.lri~ty--of -cL~crplrnes. -Thi~ ~5age is c-ertainly not unwarranted, S1nce nwdels 

when used with care and d,;cretJon can ~nd ~hould be of great 1e rn 
A 
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the clarification of L':'>.I,ttng prc.blc·m~ ;s¡,J rh<: fnrmulltiO.J ol nnportant ncw 

o.nc:~. Unfo~tunatdy, it seuns th.lt ~~~dcb .11e m,,,:sed :di too ofttn. Thc 

WOfd 'model' IS ~Oflltl1111l'S b~nd1t·J .1b0ut h) rcvj'Jt 'I'Jth J1tt!e CV!1':'t:ption 

of Jts real nK:Jnlnt; ~<~npl) h<, :u~t- rt 1; .w cctll .. lll Tht} dun't tl<'n clefme 

'moJel·, but use rhe word to ~uJt tiH·Ir own J'Ulj'P'es. 

A mode! ntc:d not be Jinprl>'l' dy ,(,nfu"ng m urdc:r to be \',lluable. 

In fact, _one of the m~ m lOiltflhut•oJns of .1 lll•)<lel l•cs "in 1ts abilJty _ tQ 

'1111pltfy a pob!en\ and ~o it should lx no more c<HnplicJted !lun nc-ce~s.uy4 
Nt-ithLr should a mv,lc! b: oymbol ri,[¡ hut i.!<::q,oor. Models which 

h,de mJni,:ule cunt::nt behl!ld .t nn·:s of ;)mbol•c formul.:s tend to look 

1mprt:-ssive, but add nothing. «M) ,ll:r} 1S no cntenon of h.nowkd¿;e l> F0r 

ex.trnple, a rt-CLnt papc.r 111 a !u.!mg il~) dwlv~lcal JOl•rnal h~:d only ont 
absrract idea : the :11.mbcr of LÍeniL:llb 111 the un1on of rwo sets is the sum 
of the numb<:r of dements m e.1ch 11111111; the number they have in com­

mon Ahs, the .¡uthor :~pr.,rcntl¡ ,¡,e) nol rüt',!;llld~ it .1s tht ;unplest specidl 
.:.tse o[ th<· Prmnple oi jncJu>.un ,¡nJ l:xt!us10n 

Anothtr ~mforru:1.lte U\t of m:llhelll1tlcJ! m0dcl~ occurred ;n a publi>hed 

paptr m sooology m \,•h1ch rh• re- ''ere ten a)..;oms a~d zero_ thc~re_m~. 

Howc:ver, an intcrprd~tliOn was then [.!,II'C'n wh•ch ter.ulted in ten emp1rical 

theo1ems, ene for t.l.ch :t),IOm Tlus 1-1 ,QJicspondence between axioms 

md empincal thé·crcms simpl} 111\ oh e·~ the prepar.1t10n of axioms which will 

yield desned empmcal :1.~~er: 10ns 

Fu~thermore, :u1 a~ iom sy,tem ~hould not be constructed for the arti­

ficial purpose of denvmg ¡ust onc- thc·orc,m '' biCh lus already becn venf1rd 

statist:ol!y. Cle:uly such a modd only clutters the hter.Hure and does not 
inYolve genuine derint10n. 

~'e do not wi~h to 1.1¡ al! rJ,e bh,ne ior the nmuse of matbematical 

n1odeh on scnolars in the empirJC..'.] \\Orld; 1t occurs in the ab~tract world 

as. well. The fo!Jowmg ps51gc: b) 1Le e!l111lc:nt hngu1st Gusrave Herdan [2] · 
•hows the dual roles the two '.\OdJ, c:.n pl:ty in the n11Suse of models. 

"\'l\Tithout gomg 1nto der.ub, I wdl only m;:ntion a cert:un ~1umtitative 

re]ation known to Ílll,SUIStS ~S ;!:e: ' Z1pf J.cw ·. 1\bthematicians beuevt in 

Jt ~-s a i~.w, tler.tu~e ti-.ey tbwl "d·ct Ln~uiSh h.t\ e ts;ab!Jshed it as a relation 
of li•'!bdiStic Íacrs 1 and 1 1ngt"'it~ lx:l¡(" c. 'P n i CLh.bt' tl,ey, on tht1r p.1rt, Lhtnk 
that lil.:thc-mat.JcJ'ms )1avc Lo;t:obl•,IJ,·.! 1t to L1-: 3 m:~tltematJCJI ]aw. As CJll 

be ~hown i,1 fnc nllnucc:s, :t ·~ nut ' ].:,., .t ?1] n: the sc:nse m w_tuch we 

speak of nat•1ral laws ». 
Loüsely st:lted, tbs law 01 l:'¡'i p<üj'C·ses .1 h1,gh <orrel.nion bcrween 

tÍ't f r .. q,.ency of me of \' ,•¡.Js ,, ! rk ~~ brL' m 
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Another tyricai superí JC:al .:. :: of m;¡thematical mJJe!s invol\(:s the 

bland. ass.!..'np:'on lhat the most tlune:ntary pJrts of an f'xisting branch of 

rn1thc·rr.atic~ app!y unchanDcd lo a p10blem ir, so<.ial ~cienc~. Ty;->ical ex.1mples 

incbde P.Í_s!-J 'GI¡:x;J aJ:;ebr2, coordinate gecmetry, rnatrix ffiJnipuJ.ttion, graph 

thL"'Y· ,1nd thc pobao;li~tic th::.-ory of MMbv chains. In ;uch a;odtls, the 

!) piuJ prucedure is to :l>~i!~n empírica! terms to the mathem:..rical v.niables 
by way of imerpretatJOn ar thc lowc:r levei. Tb:n the existing theorems and 

methoJs of calculatíon are tr~nsl3ted at the uppcr le-.·el into stakme11Ls which 

are claimed to be new <:n~pir;cal findings. 

What, then, should rnathematical models be ? We have suggestcd that 

0l'l_ shouJd J~ad tO _ _!.l~W-- th_eor~~s,., but this ÍS flOt aJways ll('\.t'~Sary. TI1s 

t:r~~~':_~_li':Jking_ !n:~I~e-~_i_n !h_e _ _c!,r_~f~! _!_~~~~~-r:'~. of ~-~~~~ _;y~tt:r~ -~i_l~ 
Ieati to afl impro•·ecl ronreptualization of the empirird phenomer.a at hand. 
------ ----- --· --. ... - - ------------- -·-- ·- . 
This in rurn can sugf;e~t the proper variables to mea:.uit., a!ld perhaps ar. 
approach to the measureme:nt probltm. · 

Someimes an existing area of mathematics can b~ quite usefui as a 
mathematical modc! prov,cied it 1s at2g11 .~nted by one o~ more new axioms 

suggested by the real worlc. T.h~ __ ~::~~ P!<?~~c!_~vc __ ':1o?_e~~~ __ ~()wever::. h!::'~ 
invo!ved denv:~tion Fcr it is o;.Iy aftcr the dcrivation of ne·..., theorcrns that 

- ---·-·-- -- - l 

uneXf·t"Cttd :md Íar-r<:acl-.ing prediction; can be m::.de From a rr.atht:I!laticJan's 
viewpoiat,. it is best if derivation leaJs to ncntrivial theorms, whi,:J, ;tctually 

qua.Efy fnr pttbkation in tJ1e mathemaric:!.l literature. To swlli:1:uize, it is 
our pe~sonal and perhaps controversial contention thar ~a_t~:C:I!l~~ic~l rr.?<le~ 

w~!__ J::? ~o-~j~n_i~~c~r:t -~n9 _n~t_ur_a!_gro~~~-i~ _bo_~_h,_~b~ _ ~~st~a~!. and _empi_rica~ 
t;VOr!ci~. 
~-- --- ~ 
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THIE ILOWRV 

T!.e Lowry modt•! constituted a 
hrcakrhmngh or' .1 parllcularly in­
tr;oct.¡hl~ conceptual b;trrier. Nor­
wirl"tandin¡; ir~ atrr:tcrivc fcatures, 
inclnding rltc promise of mcaningful 
••p•·rarion:diry, rlll' mod¡;l Ita~ bccn 
ionplt'lllt'lltcd in only a ft•w domc~tic 
:tppiH.Ition~; ir~ adaptcr' :~bro;1d h;,ve 
f,.,,f noort• \Hcccss. In tloi~ proccss, rhe 
llltHh·l 1, .. , gr.tdu.•lly been trans­
fornll'.! ro more \all~factorily mec;t 
¡1,,. ro·quort·mcnh of thc reg10nal 9nd 
rr.llhJWr!,l!lllll plannm~ a¡;L'IICie~ tfJolt 
dcpl'llll on ;dlocarion mndcli•,tg. As 
ncwl y dl'vl'lopmg conccpru.d cmhel­
l"ltmt•nt' are m.1dc npcrariprl.ll, thc 
l.owry mmlcl ,hould ht•comc .m 111· 

~tn11ncnr tloat wi!l c11l.u¡;e our l..nowl­
c,l~t· of dJC mctropoli~ .II,Jd lay a ,ofid 
fonnd.1toon t or thc ncx t generat1011 
of modek 

The con,tributions of Dr. 
Ira ~- l.owry tu rhé dcvelopmcnt of 
l.l!ld uw modeling havc hccn much 
grc.llcr rh.111 1 he su ;11 uf rhe reports 
ol 1,¡~ wo• L Somchow, thc conccpt­
u . .l lr.11ncworf.. of what h.1s cometo 
he l..nown .1~ thc "Lowry modcl" hJs 
•lÍnltll,otcd ,, ,popul.nion cxplos1011 of 
su.:.:e~'or~. c.1ch wJth mcJningful 
c!Jbor.111om. Thc dcvclopmcnt of thc 
onginJI motlel h,os h.1d tf11s cffcct 
bct.,ltls'c: thc promisc of mcaningful 
opcro~t'ion.l 1 ity was .t prime stimulus; 
thc sunpflt.ity of thc cau~ . .l structurc 
h.HI ~ub,tanti.d ·•ppc .• l; and tite op­
portunny to cnl •• rgc .111d cmbclli>h 
rhc frarncworf.. encouragcd furthcr 
work. 

T!u, ~l10rt revicw of Lowry-type 
mode 1> wa~ initi.lt<'d primJrily tu 
idc11tits thc in,rcrncnts w thc Lowry 
conccptu.1! frarnl'wor~ t~Jt othcr 
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model developers and uscrs have 
madc, eithcr as experiments in dc­
~ign, or as operationally succcssful 
vcrsions. Sorne rcsults, particularly in 
internacional cases, appcar to 
counter, at lcast to sorne extent, the 
recent statcrnent that " •.. thosc of 
us ... who like to think that thc use 
of sophisticatcd analytic tcchniques 
in public decision-making has bcen 
~rn· ... lmg, might be surpnsed and 
Jisappointed" (Hcmmens, 1970). 

Tbe Lowry Modc/ 
The Lowry modcl wa> dcvclopcd in 
1962-63 o~nd the rcport of its frarnc­
work publrshed by the RANO Cor­
puratiourn 1964 (Lowry, 1964). The 
modcl was devclopcd as part of a 

rn'!,~-~li_n~~t.<;n;t_t_Q,.g<;,t;~,S~!',t~~!~~'!?;... 
tivcs and .nd dec•~ion-makmg in thc 

"'''ii:tstlu-rg'h- Com pi-eh é;i;i-v't'"Renewal 

Pror;ro~m (CRP). This program was 
complcx, embodying an· articulated 
sct of models in additior7' i~-n~: 

•t'owry"'lnoilct'"?\.n extrcmcly lorth­

right evaluative rcport cov:cring the 
dcstinrcs of thc Pittsburgh CRP 
modcls by a study staff n.•·r:rher 

mentions that: 

·· ... it was too ambitious. ln 
1963, when the model (sys­
tern) wo1s dcsigneJ, thcre 
s~L·med to be somc pos~ib1hty 
tho~t the 1gailh~l prüblc~ in 
constructing ~ll' mo¡!ef ..,:.ould 
be worked out. At the pre>ent 
time, the task of building such 
a modcl would corrccdy be 
regarded as monurncn ta 1, and 
thc cvcnt is st1ll sorne time 1!1 

rhc future. Effort~ can be bet­
ter directcd to limitcd om ose 
modt'ls, for invc>tigat111g t 1c 
m.~Tir o( the modcls them-

. 
' 

William {;(rddner 

sclvcs a,nd for · ~~ting ~ 
eQ.!_~ses which are !'"'t:'•'L•I') 
~Fin modt·l·.... -~ 
~~ta with whtch to run 
r~rnoJ.T h .• ve ncver becn 
asscmblcd, ami arounc.l l'ith­
burgh the intercst in the mo,!cl 
is gencr.tlly low. Thc City de­
cidcd, aftcr Sl'VCr • .l ye¡¡r~ of 
work had gone by, not to 
continuc thc •,imul .• rum cffor r, 
so most of thc rnodl·l, h.avc n .. r 
bccn tc~tcd or u~t·d" (Lec, 
1968). 

Notwithstamling thi> di~courJ~H•g 
progno;is for the l'ltt\bur¡;h ClU', rl" 
Lowry modcl as rcportetl 111 r '" 
RANO publ!cation, wa~ witlelv ¡J,, 
triburcd and rhoroughly n·v•cwul 

(Fleishcr, 1965) ExperÍIIII!IItJI '""' 
opcratiunal vcrsiom wcrc dc\elupetj 
by othcr modclers, o~ml thc \\rdt' 

spectrum of modeling cffurt> tf,Jt 
gr.:w out of this rnnovativc ~tlmul"' 
is reílccted in numcrous report> rl,,,¡ 

only now are beginning to cmn<' 111to 

VICW. 

CAUSAL STRUC ll'ln 

Onc of the .1ppco~ling cho~r.l,tL:rl>t'', 
of the Lowry nJOdcl i, rts srr.11e 1•r 

w.u .... n Goldm-r IS UlfTrllllv 1(&"W'JI< h 
Econunusl .H rlu~ ln"'ltllllt&.- ul Tr.1u,pn1 
taw•n Jnd Tr" t f" Lu~•nenlllg, Uru 
vcr.oty of CJ!Ilorni.1 ( !1,., 1-..cl,·y). lk h., 
s"rv<·d as Con>tdl.tllt ·•11 Rc..:•un.ol.lll.l 
Locat10n.ol Modt ¡, fur 1he ll.ty Ar.·a 
Tr.1nspurtattuu Study ('urllll'bttlut•, 

(UATo.;C). Jml a~ ,1 Lcnurcr 111 llthJn · 
EccmoiiiiCS JI 1hc Unovt''-IIY ul l'Jit­
fortiiJ (llerkelt•y). l>r G•>ldll<'t rr.covecl 
In> IJachdor's Je¡;rcc frum '-IJnlorJ 
Univt•r>lly .111d h" duc•ur.t!~ frum thc 
Un1ver"ty of CJhfun\1.1, h10th 111 
eCOllOOIIL~. 

AIP JOURNAL MARCtl 1'111 



f•·rw.ord ,o11d_c."tly undcr~tood causal 
,~;~;L'I;Ir;::-· ¡-¡;,t, .,f, i11f',.:11ioíis""ffit'l1t'f 

•• A • '~¡• p 
p 1 · • ¡,,,,, <:J',\. !S \l,l'l\ to ~CilCr,ltc tIC 
,o\ •• ,,'· .,~,·hutli'n nf !,,r,t! ern lny-

1 :-,\ lt:t•l\ t ... ;¡_ \_\tl,'• IHtl\~1)' ptUVIl e 

~ 1011 ,,[ b.1~ic cmpluylllcllt. Titen, 
thc tuodLl gcncr.tu:, lt<nl,cholds by 
revcrsin~ thc jourul'y-tu·\\ urh mto a 
work-to-rcsidcnce t11p so that work­
p1acc~ c.1n be uscd to locate the 
rc~1dcntl.l~ ~toe k. 1 n Jdllition, thcse 
.tllL•< <~t!OI1S Jrc subJcd to LOllstraints: 
.111 upper bound CJ¡>.Il.tty l.Onstraint 
for h"u~cho!Lh, J rniutlllUill thrcshold 

-~­fur "'e of scrv1ce cmp'~>ymcnt. T 11> 
,tructurc is d1.1gr.,rnmed 111 Figure 1 

~\jOn CONCI:.t>TUAL ELEMENTS 

In .1dd111un to the CJU~.JI ~tructure, 

thl' L<J\HY mudcl inulrporJtcs sev­
.:r.ol cnuccpt~ th.ot ;1rc lum!.1mcntal to 
thc L1,1" ul rnodcl~ lt ru:l.cJcs._Thcsc 
IIIL)tldc die COPLL'¡Jt~ uf '' 0>,1\ÍC 11 ,111(1 
'~lll,HIL!l t'Íilll • 1' ! •" • '~\'lllt'\7;'* 
~~;s,:;::.u.~"71rD u..i...á!...(-•pt:rrf#F$ 

t11, , 1, lt t' ~ t!!tJL,tl!Uil 
-.a~I..~;~;· ,.u:;¡!i.;:.:~ .. ~~~~ ... ~ 

1 ' ' 1 • "'1\ 1 1 
~~l...il·,~-.c:.C!: ...... .. ~.·;!.._. __ ;,.Lr.-1. ~~ ... _....¡ 

T 1'
1 1 .l~ 11 ,J<lo ill ''l ltlllllJ~ 

~.¡,.;_rt=QI'....,......, 4) ··~l"':!tt',..,..,...., .. ....,.,..,.p 
,, ',''1. ... 

~ 

ll~t· /.,t-11'-Rt:t<lrf!J,c/wtulllJ Bc-
L .• u~c Lll the rc,cmbl.lltLc of term~ to 

, tloc l'Cllll<JIIol! .. b.t>e COIILe(Jt, thcrc has 
b..:eu ~umc m"uudcrstJnd111g regard­
lng tloc n.tturc· of thc lunJo~mcntal 
~tructurJI ~plot 111 tltL' LL~wr}/.mo'Jét' 
T11c ;t." ti u~ p(~nt 1~ tltJ! a group of 
JL uv•tocs 111 t!tc 111odel are locatcd 111 
r,l.tl·•.n~lnn tn ·m:tr:.-,.r~-madc-up-ot"" 
1o<JI!>LIH,1d,, tl!l!>, tlol''C~IctivltÍl'S are 
l!nol·ut'v rc1.otcd tu popul.ttions ,ll!lf 
t>LI!Lll, ~1111' ll•lWlf ÁJf .ILltVitlc~· f'ór 
1 ._'") J 

whid1 .o loco! '"~';'-Lt or ~crv1cc arc.t 
L.lll be ulc11ttlled lor lmJI products 
or ~l'rVICes .He in thc C.ttcgory of 
"retdt!." Thc uitcriun 1s locationJI, 
l\1wtng frum tloc cx1~tenée of a /ocul 
111<.1rk<'t ur scn•1CI' ull'Ll. .r - ; 

~""'- ' ... ·• 
All ut!1er llldu,tnc~. includiug 

t!wsc producing lntermcdi.Jte prod­
uct~ for indu~trlC\ scrving loc.tl 
markets, Jrc !ocdted 111 rcl.ttion to 

!1tl1er 111j1uc11Les, ~ud• .~~ uniquc sitl' 
feJture~. 111tcromlu,try link.tges, Jg­
~ 1 o 111 cr .111011 cconolll!Cs, rc,ource 
:lvo~d.lbdlttes, o~ml llltcrrq;ionJI trans­
port,l !loll ro u te~. T!te~c i nd u ,tries, 
rc'fcrrll! to .os "b.t,ll.," are 111 f.tct a 
fc,tdu.ol.rcm.tlntng .tltcr the "rctail" 

1 "d U>lllcs ha ve be en ' iclcnttfled. 
Luwo v 1l k.trly ~t.• te~ tlo.1t tl11> nomcn­
c!.Jturc b u,cJ fur LllliVCilicncc, uot 
for dcsLripttve t.••<o-;'lllmy ~Luwry, 

TfC!l"'!C~L H.F.Vll \, t.tlLilNI'H. 
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F 1 GU RE 1 Causal Structure of the Lowry Model 

1 9 64 ), and impho.:~ thJt "site­
oncn ted" and "residence-ori!!ntcd ·~ 
might be more cxact labcls. The 
regtonwide mputs whil.h thc'model 
rcquires for "ba~IC" cmploymcnt .tnd 
for c.tlibration of mulnplicr~ to al!u­
c •• te "retJil" empluymcnt dre sup­

p1ocd cxugenously by J r~gi,!;.J"·\1_~.~~ 
nomic modc!. The de~1g11 of tltis 
~ ......,.. . , 1 1 
rc~iou.11 .1ggrcgate mote may prup-
erly be su bJcl.l tu cconon11c base 
~ggregate modc! crnici>m~. However, 
these critiques do not CJrry ¿ver to 
thc allocation.¡J fr~mework embodicd 
111 the Lowry model. 

1 n Lowry's nutJtion, the basic­
retail dichutomy 1s expresscd as 
follows: 

E= 1;'11 +ER ~t) 

Lowry disaggrcgatcs rctail employ­
mcnt mto tluce dJsse~ ,,, th.tt 

Thcse aggregated totals for thc study 
.trea plus the cxogcnous allocation of 
nll to indiv10ual :lUilC> providc Csti­
lll,ltCS of p.1r.tmetcr~ that gcncrate 
allocation of rct.Jil catcgorics. Lct 

then, 

¡;U K (K= 1 ,2,3) 

Ji 

'(3) 

E~J.iH+a~ 1 J:'+aR 2 E+aR3H (4) 

Tl1e Multip/wr Thc itcr,¡tlve 
~ulution uscd by Luwry .11HI thc 
Jccornpus!IIUII of employmcnt 111 ( 4) 
pruvtdc the b.t~l~ for .1 rnultopltcr 

effect 111 the workmg of thc modcl. 
From (4), 

EH =E- aR 1 E- aR 2E- 11R 3 E 

3 
Ell=E(l--~dRK).tnd ~5) 

K= 1 

El! 

E = 

K= 1 

To gencrate dwclling unit~. the em­
ploymcut is fJl.torcd by thc dwclliug 
unit/cmployment 'ratio, J. 

N= jli (6) 

All ol the above l.ulll.epts dcal 
with aggrcgJtC~ ami have their ;oll.l­
logs 111 cuntempur.try ma<·ro­
economic thcury. Tito.: .tllucdtiOi'l'"ot 
trié~c~qú:i':itiHo?;(u iudtvldll,ll :L7JitL;~-,;' 
tli'C"¡>.;r'iitu!?,"rfy-iiiiiuv:;'ti~~-~·~­
twn ol Lowry. Tu develop thc~e 

allocational l.Oncept~, wc must cun­
Si'd""cr'flic""Z'mr~;,t;::¡¡j, thc network 
of mtcrzoñ:irdíst':iiíLc>~-:in'lltJi'C:il~ 
c.ltton funl.ti;;;,~·u~ .. ;"t~cre uscd. ------------........... 
·¡ J.e .l(.mul Syster11 The scnsitiv­

~ ut" thc .~l'ruL.Jr.,n pruLcsstotliC 
zou.tl system 1~ ulte11 11ut mcntioned. 
Howcvcr, thc LOitft~ur.otloll Jlld lllllll­
ocr uf zones .~i7i"~~~ 
1'üm.~pmcnt ol dll .t!lol..ltlUII 
mudd. Thc uurnLn uf LOIIC~ ts LOn­
~tr.lincd by th<.: Lll111putcr l.<~P·•CitiC~ 
tu which thc prugr.llll is tu be l!ttcd, 
.l!HI Jl~o by tite IIII(Jurt.llll.c of luc.l­
t!UIIdl exdctnc;,, 1 or wit 1d1 thc uui'pl.-r 
b""t7,l.J7li\l-!l_.Thc Lon ltgurat!On' ,of 
Lu11cs is controllcd by d.1t.1 coll.:n¡9n 

.-.,~,.&. ... ~ ' ~ ~ lll'fjl'...,. 



procc~~es, aud p.trticul.tr!y by thc 
tlC('d for sp.m . .l COIIWIICIH:C for d.tt:l 
on sevcr.tl ·•'rcrn.Hivc v.ar•abl<'s. C'cn­
~~~~ tr.u.:t~ M<" oft.:n us.-d 111 lJr~·· 
fl'~IOII; !ll'CJ\1\C of the ,1\',I.Jabdity of 
IH.qJ"., huund.tlll''• .1nd d.1ta on rc~r· 
J l' llfl,d homchoiJ ch.lr.tctcristtcs. 
Howrvcr .. 1 more de sir o~blc configura­
non i~ thc ~tcm of grid cclls, 

11 
., .. ¡..,~..ciiiE'~~ 

..l!J,II:J v squ.uc. Tm·~._. rct]Uire sopms­
.... ~A ··~-~· r ..- r cic.uc. co, ing rom prirnary source 

data. 
The Lowry model u~td one-mile 

squarc gnd CL"IIs dS 1ones. The city 
bloch f..lling within rhese cclls wcr.e 
a~'l'lllblcd ~o th,ot block hound.arics 
o1pprm. una red thc one-mi!e square. 
L.111d tbc, cmplqymcnt ,lt workp!ace, 
a'nd n·~l!!t•nti . .l population wcre allo­
c,¡tecL ro t.ny blpck~ or ro the~e lo~rger 
cclls to t.:Oil\titu're tlH• d.at.l b.ase. 

Tl1c fltter:oll,,¡ Nrtwork The 
¡f,'1lf";:~·lr~,JI1

1

¡-Igll;:-;·tioií r;~~ttie special 

.odvillltagc rh.1t 'implc gcomctric rela­
tioJ;;hip, dl'firw thc interzonal cen-

........ T,. ,. ._ ... "~ 

~r~itl -t• •-C<'n ~r01J_ d ·~t:l'll ''";. Dist.mces 
c.dnd,,tl'd 111 tlns w.l)' ,1rc much mere 
~conornit.<tl ro produce than the 
complcx ,l!ld C"lcg .• nt inrerzonal tinJCs 
(,kim-rrec~) which are computed 

u~ing ~·.i_n.i_n~t.~•,t}_lln~HI~ e_~occ~es 
b.1scd on <'\tcmlvc dciTnniOii .11ÜÍ 
mvcntorying of tr.m~port,1t1on facil­
ltie~. l.t)wry uscd the grid cell 
~cl•crH,l, h~ving lt'\tcd to his so~tisfo~c­
tion thJt .!Ír dht.oncc ~~ highly cor­
rcl.• t<•cl wi ttt'7rnc-d;7t':, nce measured 
by rnorc ~oplllstlcoll<'d methods 

Tite ,-11/o,·<tfic>~l I"IIIICfÍ(lnS The 
~' "'------~- .... ~ .. ..o.p 

f;pwry rdodcl cont.tlll\ lilree groups 
t(;,,t .1rc ~ubtcct ro 'fl·ltl.al o~lloc.Jtion: 
0b l'!Jll'.'.~.n:.~:~tQ_{~:s.td~,n~: (2) 
~~~u-,c!1t,1fl~~ to~~c:rvt._('~'..i,.and (J) ~ 
pi"\"'' '" "'rVICl~\ •• f·or (1), Low1y 
tl~l'•' ,, '::' ,v:ty iuncrion fur thc work-
1';-r<·~•,k ;,t.-e ,, !To.::í !im~ co~l ibr.1ted on 

~ '·"'-ff tllt• "·"" of lrrp llldlc.:s t.aku1,1tcc or 
rc,HI,•nt.e ro-work rcl.llionsh•ps. Thc 
:H tu,.! fuut._t•on . .l fonn is: 

fn thc ,;,, 1ihr.•••on of thc model, thc 
.lllll,,l V.t 1 11<"~ IISl'cf are 

dp =r-t.JJ 
~& 

with depcndcnce on -'.!.2rm:l~~ati,Q.'.\.. 
prnt.cduro·s to re.adjmt the function 

. ~· d 
1ur !>~ :1 '";nt! th.c cocfficient a. ' 
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Thc residcnce·IO·scrvice allo.:dtion 
(2) W.l~ t:c~cd by recrproco~ls of 
quadro~tic r;;;;:t;~lll~ of thl· form. 
·-~ .. ~ ......... ~ .... , ~ 

dp 2 1 - = (a - !Jr- cr r ,,, 

The actual values used (Lowry, 
1964) are: 

Ne1ghhorhood 
~hoppmg 

Ln.-o~l 'hnppmg 
Mcnnpo!Jt,¡n 

shnpplll[; 

a b e 

.5107 ~.7400 -.269') 

.oll6 -.0012-.0202 

.0664 -.0442 -.0156 

Allo<.ation (J) from workplo~ce to 
shopping is assumed to take place 
w1thin the ZGil'! in which the work­
plo~ce is located, therefore, no a!loco~­
tion function is rcquired. 

Alloco~tion wcigh_u,. for locating 
serv~;-r7-;;q;ired to allow cach 
in '\1ence, work-to-shop ami res i­
d cnce-to-shop, to be combincd. 
These proportions ( Lowry, 1964) 
are: 

Rcs1-
dcnce Work 

Ncighborhood .90 10 
L<KJI .70 .JO 
Mctropohtan .50 .50 

Aj!gregation ancl Disuggrega­
tioll The Lowry rnodcl is a 
macromodcl aggrcgating W1thin its 
~rrü'Ctui-cñlañ'yv7iri:itiTC"S" th •• t woul,d 
inOucnce che outputs 1f thcy wcrc 
cxplicit. The bo~sic-retaii dJclao~~my 
1s one form of disag~regation: and 
the rcto~il category, in turn, 1~ broken 
clown into thrce types of ·shopping 
clusters, metropolitan, , local, .tlld 
neighborhooJ. Although Lowry's ex­
peliment~ indicare !•e cons!dcred 
othcr vari.tble~. suc~, .1~ occupation, 
.111d o~lso a lincr brcakdown of indu~­
trit's within retail as possible b.1ses 
fur drsagwcgatio;l, thc comtraints of 

e~ >.r!'.C.•;,t;:.~.<,:a P.a.C:•~r.,~nd 1 im it.ttions of 
d ,~., did 11ot Jlfow !'7irri.lrthcrd•s--·-c= ' 
·'f!..~' cgJtlo,n'. 

i 
Tite Treatment of Time The 
modcl gcnero1te~ an equihbrium .dlo­
z:;(;·,;;~- ur:ictiviCics-"coiisi~fciitwiih 
~~~;;;¡_·-&;;;;-~~;-:.";id basic employ-

, ment locatrons, fl).Q~.ifi¡;,.¡.Lfu:_IC?_';'-:t;!.. 
a1]!1-'!J?per hound um~traints. Lowry 
-;;,ggest·, --·rli:it--rl.c-ii~·~.~rivT"""'Proce~s... 
m a y reprc~t'nt a -tfrn"'C--'-<ln~·i:t~~l 

buildup of tr:.dc .tdiVIUC~ .md t! 1c 
.ts~ocio~ted mncrncnls tl• rh,e hous 1111~ 
stock bur doc; nut ¡nc~' rl11~ lll!q·_ 

pret.or .un vcry lurd. i '•~ n• .. re fel•r.• 
te.,;., refercnt..: ro the "in,r.tnt metro 
pullo;" b <tlso more pe~>· ,,,rve for !t~ 

time imphcoJtions. 

Comtrairrts Lowrv .• nticipaced 
th:.r conslr2ints wou!d !:,¡ve to be 
m.:orporo~tcd ir;to re~•,'.· );~.! al!oc~ . 
uons and retai: acfl'-'; .. f:::,-? For re·.:~ 

dential development. ••~ spurned 
zon1ng ord111ance de¡¡;¡[·y' iimlt; os 
wcll a< project1on ol"";::\T.;-níig"';~ro­
Mties !11 Í~vor of a m.1:1.irnum densuy 
limit of approxim;;t:.-ly sixty-fivc 
dwclling 11111(5 per oiLre. TI;IS hrgh 
leve! cbes l•ot appe.1r w t,,¡ve bu•r> 

cor>straining i11 the modcl, w1th th~ 
po~srblc exccption of onc 1.one. 

Sirmlarly, he ant•cip.1ted that the 
moclel algNithm did; not h.JVe thc 
property of bringing together retar: 
••ctivities to rcflcct the externa! t'cu 

. f 1 1 ~,,.,..l"'"JI' 
aomrcs o sea <.¡ t 1,1t are Vl'ill11c "' 
strip rc'tiiirJ~vcÍoprncrn and in shop­
ping ccnters of vanous sr·tc~. H,. 

solution was to iclo:ntify the low•·r 
employment threshold of ;uch 
clustered ac'tivitie~ anJ excluclc retar: 
dcvclopment beluw thc lnr11t. '1 :~~ 
thre~holds which were used 111 ti" 
~'IT~wry, 1 964) Jistingu••htd 
between centers ol d d"fering ;rzc•, a, 
follows: 

Type of cluster 

Neighborhood facilities 
Local facilities 
Mctropolltan f.tcilitles 

Minimun, 
number of 
employee1 

'l"rth in tont 

JO 
25tl 

20.000 

Descendat1ts nf the l.owry Aft,:lel 

In general, Lowry-type rnodrl; j,, 

play ccrtain ch.Jr.,·:tt•ristics in tOIII 

mon: ( 1) parti~~'2.~'-r!!~(-~~'2L:''-
nlto ;. ~et-<>n• lll!'ll t,ltl'~"~~ 
é.iffd p;;o¡·,r:;¡:-1(~¡:~¡¡·~ é7"r::i.iíi,­
¡¡'7hl -; ~~:~·,;~ l;:~ 1 •t::· ... , ,;··~ d --.:1~~·:''7r""' 
~i't~~~rl.~ntcd¡ (2)·-~-~~~:· <~';";",:J \-~~¡;;,--
.... ~., .... ~•• .-- • • ,_ u=-o- ·-·--

ll",HJ, fr0111 "b,l'iÍC" l'IIIP!llVIIIl'lll IP 

¡_~_~i"0·~~··" í?',_,1;T, ~··~·¡-;:-;,-i:; p7.¡)ii!:ii.iíir· 

~~r-~~;..cm pi_~)Y.''.l~-~~~~JJ)-rE~~~[~~: 
tiOil-,CrVill~ ,.JfoC,Illoll g10w' Ollt ú(·, 

~jí(i'p(fe"r ~~~l:il ro ¡,~¡¡¡¡,·=::-év_~'.:.~~~ r: ... 
~-..... -- - ... , •• ~ .... - ...... - 1 ... ·-

b.I\IC employmcnt. 1-fo,..·l'VCr, O"' 
cfcsc;;;,!.Hlt ;11,1-k~~ Ct'rt:o~n fuwl• 
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mcnt.1l .l!idHJons to thc Lowry 
f1.111lCWur~. 

fO/\t.\1 (TI MI-. OHIEN H.D 

\IF 1 HUPULITAN MOUI:.L), 1964 

Thc· '·": 'l!'t rcv1~1011 uf thc Lowry 
moJel w~~ gcncr.1tcd 111 P1tt~burgh 

whcrc thc 't•mu!us tu makc thc 
moJel opcr.¡tlun.JI 111 the CRP was 
IIIIIIICJI.Itely .1pp.m:nt. Thc rcsponsi­
biluy w.1~ unclcrt.d .. en by John P. 
Crt:LIIl<. um!cr thc .1cgis uf thc 
Con~.,.! Rc~e.m:h Corpor.Jcion. The 
pu!.l"l¡, ,1 tc·.:hmL~I report (Crcclllc, 
191J-I! iu,IIL,,t..:s t11.11 tlnce mJjor revi-

' ~IOIJ~ \VLil." IIILOrpur .Jtct:: 

1. Cunve1 \lu'l tu J "m,trginJI all<!; 
~~~-~lLthat .1lluw~ (lllly ,, 
pulll"li ,,¡' t!w e~t'lb!1s 1 1111ent~ Jnd 
hlltl>cl"'~'l' ru movc m a ccrt,llll 
pcriU<I of tune, ratlu:r th.w thc Jggn·­
gJtc, .~I! .. L.Itlvc moJel uf Luwry's"; 

2 f-louH'Ito!,l JI~Jggrcg .. non 
~S"EUM~ ...... ~ 

" ... b~ IIILUIIIl', hull~lll~ dtar,IC!Crl~-
tiL~, ~o .. t . .! chat.tCtcn~tic~, or all 
threc": 

J. Lm11t.lliun o( "thc simulati~ 

!)~~~1-__:rl,_!~ •L ... •.t ~!.~·~'.:_r_:_~~l ic~ 
~¡~! .. : LHv·~ !;uuiiJ.Jiil!s ... !' 

--"II-;-:;~~J~-t~.:;~:--l~~l"ii'7c•ltiollS 
tllJl "thc C1ty wi!! be ~cctorcJ into 11 

celhus tr." t>:"'' ~ñu !m~ "i'hc zun.1r 
,, ,¡, 111 lrurit- thc nule-~qu.ue gnd 
.~cloptcd by Luwry. 

""!'1•e intplcmcut.Jtion of thc "mar­
gin .. l allocation" process W.JS madc to 
.:..:pcnd on a partni~•!lillg: uL1s;.t.iKjties 
l,cl\vcen "suhlc" rc·~•dl·utial ::;;j 
cummercio~l activitic~ (thosc that do 
not havc [lrc oppurtunity to relocate 
during the u me periud) and loco~table 
.~cuvrties. Tite detcrminatiun of this 
pMtiuuning wo~s tu be madc exu­
gcnou~ly but Js no! described in the 
munogr.oph. 

A LUntpar .. ble partttioning carries 
uver to ldnd use' wltich are co~tc­

gorized .tS u nu)able, "basic," stablc 
rt'tdt! .1ntl scrvice, public, .111d stablc 
rc~iJenll.•l l.~nd (.1) a rc!>idu.Jl). This 
1Jreakt!uwn of land U!>c inforrnation 
~n! .. rge~ cuu~idcr.Jbly un tlu: bo~re­

'.>uncs requucrncnb in thc Lowry 
rnodel. 

TOMM .1l)o dis.Jggrcg<~tes house­
holds by type. (un)peulied) 111 thc 
afloLdllon proccs~, which rnedio~tcs 
betwccn thc prupcn~ity tu rc~iJc 

wiÍh Lurnp .. rablc huu,clwfd, .111d tire 
prupen)ity tu .commutc. P.u.uneters 
\(:hich wctght tlrc rcl .. nve nnportaiH.C 
of rhese rwo prupensi!Je~ vary for 
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each household type ;111d are 
unspecified. ..;v 

\Vith regard lo tl•c opcrJtÍun.rlity 
of TOMM, Lee rcpurt> that "d tnckle 
of rc~ou re es h.1ve gunc uttu tire 
modcf 111 thc p.1>l few yc.tr~, from thc 
Dcpartmcnt of Cny Plauning aud 
from Cumad, but not cnuugh tu 
IIIJkc thc mude! usablc" (Lec, 1968). 
Crccine stJtcs, "Ltke other land use, 
populo~tion, and comrnercial lo~.atiun 
modcls, tite degrcc to which 
T.O.M.M. C.ill be va!idated is .1 fonc­

t~,f data,,:¿~g.i.!d-'JI!!J¿,.Licc.Jusc uf 
llrCUIII!~C>S, llll-UIIIpatibifity, .IIIU 
non-cxJstcncc uf most sm.JII a red dJtd 
.md thc !ack uf time-series d.tta, 
T.O.M.M. remams in thc devdop­
ment stage" ( 1968 ). 

BASS 1 (HA Y AREA 

SIMULATION Sl UDY), 1965 

Thc Lowry modcl was also the stirnu­
lus for p.1ro~lle! effort by Goldner and 
Graybeal at the Ccnter for . ReJI 
Estatc and Urb;tn ELonornics at the 
University of Californid (Berkeley). 
They had the me.rsurc;lll!<nt of ti!.~ 
img~t of indmt;!,J~·.l luL.ttion as d 
pnmary purpose (GufJucr .rlllrGray­
bc.~f, 1965 ). Their modcl was de­
signed to test the scnsitt~i~o~t.!!s,. 
commercial .1nd rcsidential al!oc.otJUn ----,-.. -· 
~''!.. to~ thc '.!-".~~.:'!_<_•r.~~~;~·;.~c-
IIICJit. of a hrg~!.!.t~~-p:_~ 
l<?f..'.!.ru?-'.4 

BASS 1 had severa! design features 
that diffcred from the parent modeiP• 
Ftrst, it used census tracts rather 
than grid squares as zuncs_ .Sccund, it 
generatcd emg}oyees, P2f!Ulation, 
aud houseÍru!ds (Luwry u~c) housc­
huiJs as a surrugate for populatiun). 
Third, and most important, many of 
the ~~ which are app!icable 
to thCWIIOic systcrn in the Lowry 
mude! were dsrcgatcd tu ur~l.ir.llk 
ual tract-speciltL ~111. Lo~bur force ......... - ~ 

participatiun r.~tc~ .rud I.Jud absorp-
tiun cucfficicnts fur rcsulcutial and 
cummercial a !loe .. t ion reflcctcd the 

!!::.;e-year_'Al!~~·,r.~lt~,.~ rather than a 
~y,tcrnwiltc Jvcr.•ge. Thcsc tract­
spccific po~rametcrs wcrc closely re­
ldtcd to thc laycrs of devcluprnent to 
which thc urban region has been 
subJeCt over tuuc. Tlru~. close to thc 
ccnter, residential den~ities are high 
and fam1ly ~Jzc ~mall, contra~ted 
with the development margin whcrc 
the low-deusity suburb wnh largcr 
families is charactcristic. 

A fourth clto~nge fronr Loowr~ W.J~ 

tltc abandonmcnt uf thc d"·•gLrcg.l· 
t1u11 of 1 . .'op.~larlf'll·~crv"'t; t·mpluy­
meut. In cffect, tite llludt·! t~~ 
this di,aggreg,atJJ.lji 111 lo~vor ol th< 
sp.rtJal ~¡.,,,f?l-jtcl!.:!!,!::!!!.... IIICIItJoncd 
~Luvc. 

BASS 1 was a pilut vcr~ion and 
was uscd for teshng tite cffcct~ of th~ 
ernrfaCCtnCII[ of ~CVt 1.11 mJustrJ.Ir 
~Out uf thc e:oo.pc!icnLe w1th 
tui~ modcl, a prugro~m lor uuprovc­
mcnt and rcdcsign wa!> dcvcloped. 
CraybcJI chose to pur~uc .1 redesign . . 
strdtC that cncr.•tcd .1 Lompo~ltc 

s stcm o ~e ar.1te lli<H '- '· •nc .trc 
m p.tr~l-r·.,\~s 111, ,, 

non-Lowry sptern of,!JJ~~'-~ (Centcr 
fur Re .. l E~t.rlc o~nd L:,b.rn Eco 
nurnics, 1968), dll(! repottcd 111 otlrcr 
places (Craybeal l%6.t; Graybc'!!. 
1 966b). Goldner· orgo~niJ.cd .d .reVí~ivu 
more consisten(:::.Vit1r tire Luwt y 
framework, whrdr bccamc PLUM 
(Goldner, 1968). 

TH"- (;AIUN-HOGE~ 
CONTHIIlUTIONS, 1966 

A serendip1to.;s ·contriULHÍon tu thc 
strco~rn uf deycit.>prncnt~ originated 
with a graduate·\tudent, Robert A.' 
Cann, 111 the p,la~ning work~hop of 
Professor Andrci Ruga~, during the 
work un BA.SS 1 -(Garin, 1 'Jiíú ). G.Jrrll 
expressed thc f'uudo~mCili.JI Lowry 
algorithm in vector aud tnJtrix fu,­
llldt. Osmg th1~ nuto~tiuu, !.L dcmo¡;""" 
~ed that thc il.t;r¡ttiy¡;_procc.s~ u~ .. d 
by Lowry to genera te pupu l.rtron 
scrving employment could be rv 
elaced by e!rmerH4rf .JDa!.ÚII oper-¡: 
tions to obtain '!U..L!.Iíl.lo.\.,r.ltlrer tltdll 
an approximatc solutl,!lli-

Profcssor Rugen t 1966) proviJed 
one additional fillip to this dcvelop­
ment by adding a time dimcnsion to 
the input veuor. Thil> rcpl.tccd rhc 
st;tllc cquiliLriurn solution of Gann 
with an equilibrium ~!splaying st'!: 
tiu11arity, that i~. ·' J,~tributiun that 
anscs aÜcr repeated .rpplication of an 
unchanging rccur~ive growth process. 

!3oth uf thcse dcvc!opmcnts were 
demonstrateJ with experimental ten­
zonc allocations. Howcver, for opcr.l­
tional use, thcrc .Jrc scver.rl problcrns. 
First, thc Garin furmulatiun docs nor 
comprchcncl tite constraints whích 
Lowry impused. Neitltcr tire míni­
mum sizc LOnstraint fur populo~tion­
~crviug employment nor thc maxr­
murn dcnsiry Lou~rramt for rest-
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, 1enti .. l d .. vclopmcnt was includt·d in 

riH· IIIJtrl\ npt'r,ltiull\, l11 .tddnion, 

thc tnvc1 ,,on ot ~ '.!.!.:.'.l.Ü;\. for a IJrge 

'iÍZe zor1.d 'Y''''"' prn<'llted proh!c_J}ls 
of compnter o¡¡or.l~l· .tnd umc-cost 
tltat mtgln bL' byp.¡~,t·,l by u~cful 
·'PJJtO•d!ll,l:tom. Fin.dlr. Ro~ers' rc­
qu¡n·tnctlt of <..Oil~t.111t rernrsivc 

~rowd¡ ¡,, rwt alway'> coii\Ístcnc with 

<'>.ogcnou' growth ( orcc.~>ts rcflecc­
•ng ,j¡jfring .1gc <..Ornpo~lt(l)ll of the 

popuJ.¡tóon ,,nd drift111g l.1hor force 

p.!rttnpat:nn 

U.I'C (TII!· COHNEI.L 
l.t\ '\() IJ~F \~/\"11-.), 19óó 

A p .• r,t!l,·l d<.!v.-lopnlt'I•C wa' a!so :ak­
Jng p 1.1ce in rlll' lot n; oi a heuri~ttc . ~ 'i:!!'2..: dcsl)-\fle¡l ro tc.Jch pl.,:llllng 
pr • nc iples to publrc off"ici.,J\ ;¡,íJSii,:"' 
~.l~c~sor Allen C. Feldt of the 

Cnrncll Universlty Dep.1rtmenc of 

Cnv ,,nd Regional Pl.1nnin~•saw the 

n<'cd for au in,crumcut to bridge che 
A·' p hctwcen--tl¡-¡;-l: .~ñljít ~1"17o:f••(tf' 
pl,¡¡¡'j'j'i"¡"';p e~ )f<''"''' !" "mi~ 
,'!'.1! 1l'IU.I[:C.II [t>ri!\o., •• ~i; cfct.l'al0Jl-

~~~~~·11c 111'.!• ~.!lJ.~~0~~~~G~~l~t].<;.~Í¿ 
~111r p~nli1J.:..·'~'.:~'-~tJ_l~~·! 
,,''-'' .. ' ''"' \Vork111g lll.i:·¡•cn,IL•ntly, 
F7~S~ .1 t.;antl! th.1t 1s .1n.dogous 

r•• Tu:o-1\1 (r'c.:'.dr. 1 %t1~. 
'''he mml,·l o:rnbedded in thc g.mlc 

''·" "·vcr.d ei:lbor,lt 10n' wl11ch ex tcnJ 
thc 'onccptu.d fr.uno:work' of thc 
Lnwry 111ode!. l~c~rdcnt1,d .d!oc,nron 

c.111 occur ,lt tour dcn~!tll'' corres· 
pnndtllg to thc '>L.)j;¡,·¡~ rd-dcn-..itil.!\ 

l!fllll \Ingle f.m11ly upw.~rcl to l.1rge 

mu!up1c· <lnit d~vclopment~. lnstc.1d 

of .1 lll.'twor\.., r!1cre is cmpha~is on 
¡nFr,,~trucrme (uti!Jtie-.., ¡¡:;¡:;r govcrñ=" 

n1<·nr ~·'V h .. e~, ami che Id, e) tn guidc 
thl' cnnl ÍL'11r;1tinn of develonllll:llt. ____.___ 
·r ',crc J'l ,1 1\o ,l ~ov~rnrncnt.tl revcnuc 

.111d o u tl.1 v p10ccss wh ich relates to 

rhe v.duc uf !.md .md impnwcrncn•s. 
In l.tLt, t'lcrc i~ .1 flow ot mon,;y 

P·'~""g t hrough thc sysrcm, Sl3rtlng 
with b1d, for VJ<;wt !.md, provi'>IUII'> 

f,¡r b11)'111g ami scllmg l.111d, anJ for 

ntlll'r tr~n,Jctiorn involvm¡.: w.1ge 

P·'l'rnent~. rcr.ul tr.1dc, .IIHI provls1on 
,,f ~t)Od\. 

TIH· l..owry caus~•L seguence--
st.ntln0 wlll1 mfr.l\truuurc tn b.~~tc 
!II~Jtl~fr \' tn rt'\lt!l' 1H C'l lO B,'t~rd--i.l 

i lc.11 lv cn·'·,·d,I, . .J 11' 1hc fr:oi!I<'W<Hk. 
~l.Jil.l '•l'l~~¡l~~"";;f~¡~;~-;;;{~.J~ 
t·,~cnt·.dly .1 pc(!,n~ogl,-:dl toui .\11d, 'n --------· 
10-1 

a I.Hcr vcr~ion, wJs ~upplemenred by 

,, ~uort cornpulrr progr:!.!.!.l to cluu1 
natc hand cornptl!,ltions .md •• c­

countin~ proc;.c~~es thac wt:rc neces­
,:¡ry fnr rhc g.11ne to procccd. 

A DYNAMIC MODEL OF 

UUBAN Sl'RUCTURE, TOMM 11, 19611 

Strll usmg the same modcl name, 

TOMM, Crecine prescnted a more 

cornpletcly documeukd vcrsion of 
hi~ e.tr •,,.r rnodel in 1 ~68. TI! e mn,lcl 
'•; 1,••ge' upon thc Lowry model .uul 
thc c.1rl!Lr vcrsron of TOMM 111 ,cv­

cral ways: the "v,,r_¡,,blcs ... .~re 9f a 

n, u eh r]lOrL d isarrAI~i'.i&..2.!:!.t.~.·~:s. t he 
conccpc of ~itc .JTIH'Ilitie~ ¡•, I!Hro­
ducc,l, Jnd ~;-g--;~;¡¡,,1\ are 

cxpl!tir'~(Crecfñc, !%R). A11H11;1~~ 
e!abur.1tions incorporaced rnw che 

rcvised vcrsion are: ( 1) whitc collar 

and ulue collar workers; (2) scver,d 

household cypes; (3) indnsipn of thc 

effect of site amenicie~ and f,!C(lllomic 

externalitics ih detcrmining sitc,_ val­
uatton; (4) incor poracion of effccts 

of dcnsicy, zoning restrictions, Jnd 

markcc imperfcctlons on rcnts; ancl 

(S) recogrution of the inercia~ in eh,~ 
urhan lorational '>ysrem th,,t rcsult~ 

frorn thc durabilicy of ph)'Sical prop· 
··rty and infrastruccurc. 

Th{'se changes are bad.ed by care­

ful theorizing and cxplicit attent1on 

to computcr .1pplicatious. Crccine 

summarizes, "T.O.M.M. is still in a 
development stage. This version, 

• lmwcvcr, approaches che limits of 

thi-.. pattlcuiJr approach to urban 
locacional phenomena. Further cf­

fprts on T.O.M.M. should focus on 

dcvelop•ng an mu.ronrJ:\t{' da~c 
a~,n t!.c con~1Jcr.,bk· ~11amct0:, 
e~ tima tiort_____proh!crm. · A(fanionJI 

r11CÜr;7rU::ííi-Cflncrncut~-would appear 

to hJvc on1y m.tr¡.:nt.d payof fs" 
:r :"lC1rH:, ]fJ(,H•. 

Tlm cnl.,rgcd ver~ion of TOMM ts 

" ... serving as the spatial-loc;otion , 
·dcv1ce in the METRO pro]~Jt the 
Umvcrsity of Michig.111" (Crccinc, 
1968). Thc projcd b ,¡tternpting to 

dcvelop more sophi~ticated opcra­
cion.ll g:nniug ced111ic¡ues ch;:(.ügii 
wliTc1iS~rlñodch- íriéorpnratir.:g_ 

techlllcal forrnulacio11 o( pl.ui5-;;,J 

Üc<..lsions by -_-poh~y;n~kcrs--:;;; 
m.ltchcd and evalu:.ted (or-di~!)oiiTtics 
[fYúke and Burk1,;dtcr, !96ií). -----

i'!...UM (I'UOJfoC'fiVI' lANll 

USE .. \IO!JU.), 1%~ 

Tl1e !me of dcvclop¡ncll t r h.n grcw 
out of the expermH'nls with ~\ASS ' 
let! co che op('rati<~n.d vcr.ion o[ 

I'LUM (Goldncr, 1 %fl). i'!--UM WJ~ 
implcmt·ntcd to providc thc l.md m, 
al! oc Jtion~ and small :wuc fore'-,tM; 

of population, dwcllin~ unit~ •. u.d 
cmployment used hy che Bay AreJ 

Tr.ut>porcation Study Commissi'"' 
(BATSC). In ad,!ition to thc moddi­

c;ltion~ mcnuonl'd wrrh regare t<. 
11ASS /, PLUM iucorporatcd scver,,' 

additional conc<!pts: 

1 _ N~1y,;nr\' ""1•'5 Wl'l e ,:rt".<l ctl ! ·. 
.. ~~"' .. '.:"tl"•---:·)-')-1.,.~,) 

carel u gcnLr:;tl·>ll ·"¡ '"'"''"'"" tlll••-
~~~"""' ~',;:., (sknn t1 .:,_,) w11 11 ,, t< rll.<tlv, •, 

IC)rf,ce-f1ow and pe:.k-l.our vcniCJil,, 

augmcnted in kJth case~ by t••rrnill.tl 

times. 

2.~~ 
tion.J. wl11<..h lt." !>'""; ,rrun;..:ly '" 
~ced by the sizes of ~onc~ 111 tht 

zon:~l systern and is al~o dcfiricnt for 

its ueatmcnc of short trips, W.lo 

repbrcd by a more s.lt!;f,,Gtoty fun,­
cion, the rccinr ,d tr.""r""'"'tinn i11 

~:t=' - _.. """"'~I::Y.!'·GJ> 

lo•:~rithllll< lttrlll T ll\L .dlot.llttl<l 
~~~~--~~~~ 
llllC H•ll'i Wl'fl d1; ll't'CI'I' il<"d '')' 

.-.,.,.u~,~~ ... ~ 
thrce r¿,nes o¿r rr~.g¡. w." ~ L•~-otom", 
work-to-JWp:~nome-to-~hop, .lll•r 
wcre d!'>:Ji~I,'Tee,,u·d '"·'ri,tl!v b)· 

~ .. " .. :~.:::.ll~-fl'•IIla.~:·~ 
county, n .. ql111111g 'G~ •. ~b ul 
twcnty-seven p.trallwtcr,. 

3. An •ll;l .. ~lW&tl.L~b&i2dd.~at plm 
of residencc a owc·d pupu!.~cion, cm­
ployed residents, and dwe!ling un1t; 

to form ,1 cnn~"'''"f IJ.!,.J.'1 th.IC '' 
~e·-··~"3'..27"""~ 

linkcdbVy thrce 1'1'< •···~ ,,¡ 1':!1.\ll~ 
.:!"~~'t"fQ.19~~~., 

e ter~. Parametcr>, 1 •te ltllÍi 11~ po pu l.t 

~ per household, workcrs p.:r 
household, a•1d P"pu],¡cion pcr 

workcr, wc1e zo!lc-spec1fic (spati.,ll~ 

disaggregated) .1nd ¡¡djmtcd ro dnf'¡ 

through time in conforrnity Wlth 
exogcr~ous forcc.tsts of employm.:nt 

,1nd popul.1tton. , 
4. Thc 1nudcl '>111l!ll,,tl'' :r•t•S. 

~~~~'Z......,.~ 

rather than estimating 1 11c111 ÍÍ1 <.<~r-
r<..spoudcnce co an acct·'i~i!11!1L~ 
indcx. · ~:.,;~ 

5 .. Land use accou nting includcs 

zone-specific acreagc for LSMbl\~~ 
a1!..~'..-, v!~ rarhcr ch.111 tht: 
r~~- trcatJHCllt <..h.Jr.<ctcristic oi 

thc Lowry moclcl and TO\lt'v\. 

6. Constraint~ nf r•:;idcntíd •'•'· 
velopn~:r,~!,nntt<Hiate to 1.11:.! 

C:o;IX\ 
can.1city .1nd Sllnllltanco dy to J"­
~~ 
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COLIIIty. 
7. Comparative Sl.Jtlcs is the basis 

for tite gcncration of time mcrcments 
whiclt are addcd to llllti.JI condltiOIIS 
d .... l to gc:neratc t.Jrgct yc.¡r forccasts, 

cithcr 011 a one-S\01- o¡ \·~· 

w-~;,~ 
~ 1 lC: c"<l'!olti<JII '> ·~ti' IS sofved 

,IS J t ,oo•,,¡l 1 l 'l'' \V I'L!J IS made ...... ~.........., po,,,blc ¡;;L,c: ,ubstltutlon of ~-
')r¡,,,,¡, '''•1'1',~~ (11l" flltl 1f•pJ,, L 
~Q.~·;r.¡,.,c~~t!;~ 
Jli••L ... '\., f\•f ~ ll.. lll.ltrl.\. IJlVt.l~IOIJ ~Ug-

gC>!Cd by G:mn. 

A. G. WII.SON'~ "-NLARGED 
CONC!o.l'l UAL 1· HAMJ,WORK, 1969 

lntcrc:'t IJl thc Lowry modcl '' mtcr­
ll.ttlunJI 111 ><..opc One nuclcus of 
both c..UIILCfJlll.d dcvclopmcnt a11d 
c'pcrimcntJI work ¡, tite Cc11tcr for 
Env1ronmcntal Stud1c~ in London. 
Thcre, Al.m G. \Vdmn .1nd his col­

lc.tgucs l1avc cst.tblisltcd a bcachhcJd 
on w!1icl. thc Lowry flag mo~y legi­
tllll.!tcly be cmpl.J<..cd. 

In .tn c<~rly p~pcr, Wil~on cvalu­
.Jtcd tite rcsidcn!I.J! modcl of Lowry 
.1~ an C\amplc of an "c'cmcntary" 
n~oJJcl, tl1.1l ~~. ,, nwdcl wl11c..h d1d not 
re<]Ulrc dc:t.nlcd "know!cdge ol pref­
.:rcn<..c stru<..tures o~nd lill~lvidual util­
lty functlllrl> in v.!fious form~" 
i\'/il,on, 1 <J61J.J). Wil~un po~cd fJve 
''~uc~ w 11ich ..... ~'cJ (or ;olution: 

1. T_ltc e~~ qt Ófúl~ 
e 'r'tlll ' 'llL' ·. , u sed 
~~'->"' 'r 

2. 1 '''- .J:' nu: n :lttractivene.,s 
e h.or.•ctcrl>trt':"·r=;7("n"t);c" ··~ ~~ 
LOfJCS, 

:3. The problem of placing !?o
1
pui¡. 

J~'!';'::C,·•s pl,;•~nr11~ ~~)r~~·a!J.;b 
t); '-~ell..l~.t UII~S~ 

.J. Thc Lurrc~pond111g problem of 

p 1 1C'Il"m'~~$!r1.!J.~Oil se-
lc.~'ull .. .,. 

5. T~rc 'Pt'CJ.J! feo~tures of the 
tr•~ervt·n·lll~ • 

... ~--~,¡" dlt' >l.ulddfd travd 
C<)~[ func! IUII. 

In .r tcr;c, ¡>re<..Í\e cxposition, 111-

clu¡~r'n:· the U>c of thc conccpt of 

c~!~~$:,:.~;~~to 
~.&,~N- m., ;.e. ......U.. ~:.o~k.J~rt>·~t~k±a 

'· _ __ ·.:. .~· _ 1.'/d,un ollcrcd h., 
-~-~-~ 

.Jr•., · •. : u'·-•.wrr' tu thcsc frve 
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problem arc.1s. T!.is work locuscs on 
the potcnnal u~c of more \,lll,(yurt~ 

1 c::I.:?"'~~ca ... o 
fUJlCfT(IJll:\ t'',lll tf¡,• f'l ,•\'1• ',' 11 1 'lt t 'r 
c=n~h .... ,t~..:.:s. .... f!.,."S":..~,¿~~-.U& , ... .._.""" ~ .~ 

lll Tlt' .l ;::;L.tllUII pruLC~"' otll(. 011 lliL 

!loyStCffid(lC Jl,IJ'I:I,Jll' 1)( COfl\fJ,IIIlt\ 
.a,agreo-<j'les}'l ;;m~...~ t:..Q=< Qs., .. @f)~t.1,p"1'bt..A wbeJ!!O 

A set.uud p.1per (\Vd\ou, 1 'Jó'Jb) 
goes much fntlrer, exploring the role 
that drsaggrcgat1on mrght play 111 
improving clcruentary rnode!~ and 
offering provocative suggcstions for 
el.~bor<~tion. Thc first .md nrost sig­
nificant propos.~l relates tu partition­
lllg the rcs1JcntiJI locators on tire 
ba\IS of four contrasting behavioral 
pattcrns. These reflcct the beh.1V10r 
of workers who are: 

1. Locatwnally unconstrained 
(locatJOnal choice' involve both 
worl..-pl?cc and res1Jence); 

2. Cou~tra1ned tu fixed residences 
(loc.ttíonal thu!Lc mvolve~ work­
place); 

3. Constrained to fíxed jobs 
(locational dlOICC 1nvolvcs place of 
res1deuce Js iu the Luwry mudcl); 

4. Con~tramed by f1xed resi­
dences and fixcd Jobs (during somc 
specificd time penod, no locational 
choices .1rc tu be m.Jde ). 

This treatment of behavior re­
flects unportant issues in develop­
ment modcliug. ln-m1grants tu the 
region are repre~entcd in catcgory 
1 -luL.Jtronally uuconstrained. C.~te­

gory 2-fiXed residcnce-begins 'lo 
.1ccount for sncioln,.ir .rl ¡~,u··~ th.1t 

"'~='"'':~'= lrave been nrmr,,~ f•ullílC\t:upment 
models. Worker.!. pinncd to the1r resl­
dences include occupaut~ of ghettos 
and pu blic lwusing, ~uch as thc poor, 
tire 'o~ged, and raciJI rninorities. Ex­
plicit identifícanon of this category 
allows the work-locatirrg procc;> to 
be rnodcled cliffcrently for these 
groups. Category 3 encompasst~ tire 
Luwry model's residenti.J! alloco~tion 
pruLess when f1xed Job locations are 
·•>su m eJ. And, CJ tq;ory 4 covcrs 
tlw,e househo!ds rlr .• t rem.~in st.~blc 

dur ing au y g1ve11 tllne. 
\Vdsou tiren formulJtes thc 

~trategy for solutlon oí chis enlarged 
fr.Jillcwork, inr..lu<!r,u• .1 snccrf¡cction 

._") e;:u:ná~~ t-::::=o 
uf tl•c cl.•t.J rc"''¡,,., .. cnr·. ,,nJ .!.Ollle 
~~~~~~~~;;;;t\~~~----~ JníJkc thc ....,.,,_.,.,,......,.,.,...,._..,....o 
prulJ:tJI> n:UIC lJ,IU.olJfc. 

He .~lso covcrs thc nccd to dis­

J~rcg.tte elemcntary modcls, foc at 
le .. H 

l. díffercnt 1ncomc groups; 
2. cliffereut wagc levels' by 

location, 
3. different types of house; and 
4. v~trratrons 111 rlre price of 

houses by locat10n. 
Furthcr dls.Jggreg:ttion is deemed de­
~ir.~ble for: 

S. type of location.~l behavior; 
6. number and typc of workers 

per household; 
7. social cl.~~s/ occu p.1tion stratlfr. 

cation; and 
8. number of CJrs pcr household . 

The supply side uf the modeling 
process has b~en virtu.dly negfectcd 
111 elcmentJry models, .rnd Wil\ull h.~s 
contributions tu lll.Jkc in th1s dircc­
tion also. He gener.tte' the vaco~nt 
houses madc av .• rl .• bk by 1r1ovcrs anJ 
ncw houscs com111g unto tire marl..er. 
.JIIowl!lg r:lis >UfJply to be lllcdl.llt'll 
with dLmand by mcans uf .. hou~mg 
price V.!rlable. Altcrnat1ve .lpproo~ches 
to the ~upply of ncw house~ .1rc 
postulatcd, deriving ímpetus from 
pub!ic planning conf1gurations or 
from prívate profit ma'(llllizing in­
centtves. F1ltenng of f .• lnilies through 
tire housing stock 1s induded 111 the 
process. 

Thts _surnmary of Wil~on's work 

hardly does ju~c1cc to ll> elegance, 
comprehcns1vcnc~s. .111d sophistlca­
tion. Nor docs it include any men­
tion of tlre cqu.~lly va 1u.Jble contrlbu­
tions on subJcLts not so closely 
related to the Lowry rnodcl line.1ge. 
The rese.1rch tlr.Jt is be111g carried on 
at the Ccrltcr for Euvironmental 
Studies in London constttutcs a con­
ceptual umbrclla lreld lrigh over de­
rivativc work bcmg <.,trricJ on 111 the 
United Kingdorn, partícul.~rly in the 
transformation of these ideas into 
operationo~lity. 

l:m¡nriwl Work With 

Lowry-'lype Afode/s 
A host of examples of Luwry-type 
model implemcntJtiuns exi~ts in 
Engl .. nd. The doculllcnt;¡ tion of 
thesc <.ovcrs at least stx subregion~. 
while problems cvalu.~r,·d int!ude the 
imn,¡•·t ,.f new lowu' t 1 ~t• \•c..••nn J 
coi::b~ ·'"11~·-... ~~ 
lll,l't\f ,lJit)tlr' •, ~tll<f~~~ 1'1111/lt' r.Í 
-==-.......... = "="~~ 
t'' ~~ •• , •, ,.. .• , 1 ~''' \;,c .. , ~~~~- Ir 1r11t 

-~~ -wor h. uf ,, pr<J>fJLL.tlvc rcom.llliZatln 
CP 't' ~:0 

lOS 



Legenct 

1 Bectford (Cripps and 
f-ootl 

2 r- •nanctect Bedford 
ICropps anct Footl 

3 C•:ntrdl and Northeast 
Lancash~re (Battyl 

4 Nottongham-Derby 
u3atty' 

5 Rcadong, Berkshire, 
and West Surrov• 
(Cronps end Batty) 

6 Srevena!)u (Echenoque, 
Crowther, and 
L•nd~ay) 

7 Ch~;t-,ore (Cordey­
Hayes, Broadbent, 
and \llasseyl 

8 lleaclong (Echenoque, 
Crowthor, and 
Lmdsavl 

Economoc Plannt'\9 
RC!I•On 

FIGURE 2 Areas Usong Lowry-type Models 

of loe,.! _sovcrnment. (See Figure 2). 
fí'::.,c "":;;J,:j'~-~· are parts of 
Britain 's cigh t national, economic 
planning rc¡;ions. In American terms, 
th<>sc subregion~ would most closcly 
corrc~pond to mcdium sizcd Stand­
;~rcl Mctropolit • .tn Statistical Areas 
(SMSA's) wirh multiplc central cities, 
~uLh .1s Alhany-Schenectady-Troy, or 
A "cntown- 1\cil.lcl,cm- Easton. 

A '\UIIREGIONALMODEL, 1969 

Cripps ••nd Foor, working .tt thc 
Umversity of Rcading and ~upportcd 
in part with funds from the Center 
for Environmcnt<~l Studics, havc de­
vbcd an operational version of the 
Lowry model, augmentcd by severa! 
of the variants dcvcloped by Wi!son. 
These include the elcp;antly moc1t•lt>d 

11-;e of nnnufélt;on ii1nit'J fe~-~~~ 
~·-"""'-.....-- ... ~~~.,-~ \'/.lh.'' .n~. p•~.-~~.u!ty :r1:co, lii(,\•.: fu~tt 

ha\'c room for populJtion expansion, 
aud thmc fo• which "o'~nnecl" limits 

L~r:n~,.;n:TiY' 

1t)ó 

were set b 
.1 ![IOn, le .1 OC ,t~fr"i'ffoi'rflll'¡'f,;"jn. 
elude sclcctcd ~~~-l'Fr:~ve­
nm both for r~?l~l~nt1J-:;7;d";;;-;~ 
a~ties (Cripps and Foot, l 969a). 

The original objective of the 
modcl was to prepare a plan for thc 
County of Bedford, particularly for 
the ncw- town of Milton Kcyncs. 

TIIC~ J~~ain anc! ori~inal o1Jjl'ct ,.., 
lur dcveloping rl•c mo,!;·l ., , 
to ,~ 

1

'•u 

.t~e t ~.-JUII{}' 'JI L..,·,, . .dU. •' '·, 

t!-ie'corc ofthe 'tudy •'~'<·' , .. , 
qbyiously che County anJ 11 ,., 

,sy~tcm of interest nec.d o··'" 
ii'1cludc additional ..rea~ wlu, ', 
h .• d major iutcracrion with tl,, 
County. This orie•nó\1 ol>jccr"'' 
has had to be mo..lillc:cl to Wl'tt· 
cxtent ro ac.:count fo! po,;~·L!,. 
rnajor dcvc!oprnent;&! 1mpar" 
othcr than M•lton Keyne~ .1r1 

this account~ for the furt'"·' 
extension of t "" swd y are~ 
(Cripp~ and Foor, 196')1.> ). 

This second paper is notcworthy f,,, 
its more dctai!cd documcntatkn1 ,,1 
thc mnJr;l'~ cnncenr~, ,Lit,, reotw 
~·:r~~ 

me~t,, tlJ\J.i:; xr-"'"·~ ... ~ fif"':f~ 
~c.:r:f .appro;u:hc·s lo J;&•luatonn ,.1 

"'"f="­d•c morlcl's outpur are ll•'!cu ,,._,. 
~~Yv"í'i'i"J"i:~~ of mean ti111c~ 
spent commu ting to work ancl travc'­
ing to shop. Furthcr, therc are dn 

praisals of the cffect of the co;¡. 
straints imposed by thc model o~ 
~patial interaction. 

On thc agenda for further mode! 
dcvclopment, Cnpp~ and Foot c x 
prcss a prcference for attemptmg ro 
make Wtlson 's p.trtitioning of be­
havioral typcs operJtion.tl. This pref 
eren ce is implcmcn tcd in a e ora pre­
hensive propo~JI (Cripp~ and Batt: .• 
1 %9) incorpor.1ting rnodd devclop­
ment, surveying c!J.t.l,availability, .oral 
tcsting in the uuitary Jreas 52 (Rca:! 
ing and Rcrksl.ire) and 53 (Wcsr 
Surrey) that are proposcd local unrts 
to be sct up u pon irnplementatlon oJ 
the report of che Royal CommiS51C,, 
on local Government ( 1969). 

Cripps and Foot .describe the calibra- THE URRAN17.ATION !lf'FECfS 0'' 

tion process in grcat detail, perform- A THIIH> LON~)O!>l AIRPO'{ t 

ing a service of documentation that i~ The significanc:.e of the expanc1eJ 
gcnerally absent in opcrational ver- area and zonal system co'11es inro 
sions. In addition, thc eva 1uation of view in a third paper by Cnpps arttl 
their own methodolo~ ";';;r?,n~~- Foot (1970). The "major dcvelop 
p~~:;J:rn~tt ,~~vm'pllfl~W'f"'""7,'f'IIT~ mental impacts other than Milron 
t IL)' we•c tes uog~lg 1 st.111 ,,r(h"" Kcyncs" mentioned direct!y abov~ 
for the !.teraturc. mrn out ro be two pou:ntial site> for 

-AN EXPANDED 
SURREGIONAL >;tODEL, 1969 

Building on their experiencc w"ith-thc 
modcl mentioned above, Cripps and 
Foot ( 1969b) cnlarged thc zonal 
system in a revised vcrsion: 

a third london Airport located in 
the study area. The ready avaiiJIHI•:·Y 
of this operacional modd is brou¡~h: 
to bear on another type of m.¡··· 
planning - problem, and with t)t·~·· 
mcthodologv tcsted, Cripps and ~:,.;,. 
are ablc to provide decisionma~cr· 

AIP JOURNAL MARCH 1''~' 



with a ~ubst.tnttal cat.tlo~ of rne.t~ure-,. -~~= 
lllC"t' ll llf""' lt t ~ ,..._ .L' '!11 .. ll'tl~ ~h>p-

~~_,~ .. -r:~~~jj~otl, c11tployrncnt in­
Lf<',t><' ,,,;,1 ,:, •. IJ,iJutiun, l,,nd use rcl.t­

''' "",''P'• ,·corrontJC '1 ru~ tu re, noi~e 
,. p.<ct, and sn.<tr . .! rntc:ro~ctton Jit: 

<crentl.ds. 

NORTIIWEST. ENGLAND, 1969 

\Vork.;ng rn a po~rJIIel coursc of de­
vclopmntt to Cnpp~ ,tnd Foot, 

\1•clt.tel B.ttty .tpplrnl tite modcl to 
.111 JrC:.t t.ovcnn~ Ccntr.tl o~ml North­
C.t>t L..n~ .• ~l,"c (B.tttv, 1970a). The 
vcr\1011 Batty u~cd i~ nntcworthy for 
chrcct use of thc G.mn m:ttnx in­
vcr>ton proccs~. In tlti., .tpplrco~tion, 

1\.ttty OIT!Ittcd the cunstr.llnts usually 
tncluded, but this rs., not illogicJI 

Sccausc thc ~tudr .trc,t b .1 stJtic .tnd 
Jlrno~t dcclinrn~ subrc~ron. Thc pur­
pose vf tite modcl impicrnentation is 

ro r,·.,r tlu· nv!<'r" ·''""''• .,r 'ot.Jt"''' a 
~~~ ... ~"'~lt. ... '\'0:~~ 

J)l•\', 1' 1 ' 1 , 1 1 ' 11 ~11 1 lo (,j L!tL 
oC:!t:1~:-_._..._ .... -~ ......... erv. - .... 1" 
tllli-JllL.I'.I,,rt--. ,,l J''ll\'ll'U \'/lth grcac 
rntcrprrt.tltvc ~kili. Thc mode! w.ts 
run n cur,•vclv usrng ,t fivc-yc.tr 

d ~::u::;"""=•-"""'•""' l' 
rno trie toe''''' .1 twcnty-nve-year 
tnnc span, tl•crchy fotct..tsting thc 
devclopmcnt trmc-p.tth~ for cach 
LOnc. Furtherrnure, v.tri.ttiOI!\ 111 

''O""'i"=""'V 
p~r.lll'l"!Cr\ Wl'rl' ""''l [!1 dlilll'Vl 
~u;::r;:re;&:eaa""n.·.,"'!.~;,. ,. -="""'"'~ -.... .., 
~ ..... ~ ~...wL~..L1--M-w\ ...... 1J.It.l,....~ .... ...:! ·, • ~ ~.f"'ll~ .rO 

' ' l 1 t' ' , , 1 ,)J 1 { ., 'r · 1. 1 ~.: ·, 
~"'bq;rCG,.'I)¡.t-hii:JI~I~~· •d 

l)l j'lll•I.-LI:.II II!Lllt>t .lrC thc ev,¡J-
U,I(IVC rnnov.Jtton~ t!r.lt wrre te~ted. 

B.ttty L.t'cul.trL·d pop11 1.1t1011 potcn­
t·.ri~ for tite bo~~c ,,nJ t.11get yc.tr> to 

gcncro~te a visu.d pcrspcctrvc of devel­
opment irnp.lll He ,,:~o 11sed corrrl.t­
t· ~~~ '!~l~_\'.·f; .,,, ( ,p ·'···, .... ro t7"~t lrc 
4":1..!11#¡tt~if;!;; ~-::~,...~~e!. '{l'iiO-~ 
g '' · ,¡, • "' d ca 1 ur!o~ted 
r¡·~·\:~,· ",~.~: ~~\''·. ~~~ ~-tnp fength JnJ 
fflt'ctll 'lolrv'LL'-[1 1\ 

1 l'll~,(!l. 

NOTII!IIGIIAM-DEIO!V, 1969 

Furthcr dcvelupllll'llt of tite ll.ttty 

·vcr~ion W.t\ ·'l'l'~ied to .1 \UbrcgJUn 
1h.1t incorpur.t:ul ,1 .rnutlt !.11gcr pop­

ul.itiun tlr,!lt r1"J't: prcviuu~ly re­
poned. w,tJ, r',e !.,rgcr popul.aion, 

che ~~r.tin uf JL velopnrcnt w.1s more 
cont1nuuus .tnd 1.1i\LJ tite Jssue of 

dtf(crcnce\ tn llloL:cl trc.ttrncnt be­

twccn ~··p.tr.ctct! t!itdtt-rtod.tl rcgtort~ 

Jnd LO!Itlnuou~ tlltl·lllld.t! orres. Most 

~'!'" i (ic.tnt'y, 1\.•tt¡• llt<.orporo~rcd 
C.lll,ICIIY COII\tr,l!nh 111tu tltc G.trlr!­

~t;lc rn.ctr:\ IIJlL'rJtroll~ 1n titi~ 
ver"on .111J l,><,kc·d to t 1rc rc~ult~ for 
clu("') lfdfL:"l''HI~~''"}: rnu',, Tl<•d .. Jf .tnJ 
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uni-nodJI deve!opment (Batty, 

1969). 

regional pl.111ning "basJcally to~ 

l!!t_~~~r~~·~~~.~~~f,(;:~: .. ~.~~~· .. ~·.,. 
l 1 ) 11 r 1 

1 1 \' r 11 1 • 1 , rl ' " 1 , ~ r ' ' 1 • • \' , ¡ 1! t ' 1 • 

~- c•c~o3o -··-~. ~o..:!.,r&.>~.... ,ll:.;z:~>b-..} 
j1 ,1' ''', 1\., '' • lf• JI Ll , • !'t! 1 '1 • r 1_111' 

..a ... ~-.!6 .O....Il!l"""! .. :::r-5'.Liii.:1J.t;:.'ív:\..t':""'~l'"~ • .-..I'~UJILt;lll· 
!Jlt_'\ Jflltlt•l'lll' 'f 'r ' ~ 

~·::--~~-~t~-;~,l;,~.·~~·~~:~ ·~ ., .t 
~-~·--rnT'h~~·~ 

~-~';c'l; ... " {:\Jm:c .tiH..l lJ,IIlJl r, t J7u;. 
~.t:lGbs and 13J.rber (1970) app!ied 

.the Lowry rnodcl (wJth only minor 
A MODEt OF A TOWN changes. Census tr.ICt\ r.1thcr tf1Jn 

(I{EADING ANU STEVENAGh), 19611 grid LOilCS~~~Il~ 111 rerznn.d 

ll.ttty's concern wrtlt c.tlibr.ation 
problems bec.tmc tite ba~b for .1 

p.trticu!arly cogcnt ~urnmo~ry in au 
art1cle ~ynthesiling both of tite 
above-rnentioned cxperrences (llo~tty, 

1970b). 

The value of pdrJI!el rcsearch effort~ ¡li,t.mcc~ were carefully cor~~ 
focu~ed on thc so~mc prublcms .1nd l~~HHI\ nf tr,ll,.,it .11111 vt:lllclc 
~upported by the ~.tme source of ,,'7:,.1 ll~'~ ·•L d1> 

dbv•......,:rmft'?'•\>~.::.t 

fund~, is ex!tibited by thc concurren! t.<IICC:,. Tite rnodcl WdS mod1fied 
dcveloprnent of Jrt cxpcnrncntal ~IJgiH!y to reflect the import.tnce of 
mode! of the Lowry type by the agrrcultural ernp!oymcut in the 
tearn of Echen1quc, Crowther, and hinterland surrouuding tite city. The 
Lindsay, worlong at tite Univcrsity of dernand for popul.ttion-servmg activ­
Carnbridge (Echcniquc et al., 1969 ). rt1es frorn place-of-work w.ts not 

Tite contrasts with the Cripp~- maintained withm the rnode! struc­
Foot effort start wnh the cmnhJ.~Js ture. 

ou thc ~;" le rown ,1\ .1 :\7~'G';"":'í'f With thcse few changes to aCiapt 1t 
t.o111p~rc Wll • u .. · ,,~.';7jf-j';,,.!~ re- to the condit1o11~ tn Ljnblj.Jn.l, the 
¡•ion l~ubregion) ... fr." .. "7~~::i' rnode! was rnn iter·ttivt·!v f .. r frve 

~~~ rn~rle up of J un~C~~rrr~ yc.tr period~~:--Fif.!::7·!!: 
u UIIL- domcter ccl!s, ~ .• Eowry. c4'l"~71if""~'ñT~ili;f"j':':-J~, "'JI r WC:I <.; 

Third, and rnost nnportant, struc- u~cd tu tulle tite .adJu~t.tble p.ar.tnt­

tures 011 the land are reprc~ented by eters .tml constr.unts so tlt~t .t ~erre~ 
a uewlv I!H)clc'cd v.tt•.•','c- .tv.td.tblc uf devclopmcnt Jltern.tuve~ werc 
..mar~~C>-pi.·=~ 

f1o"' '''·'u. J·uurt''· tite 're.ct•u11 ul produced for ev.aluatJon. 
I'Fo;',~~ in .tntrup.ttion of its lt ~~ rcrn.trk.tblc th.tt t1tis rno~r 
occupancy by re;i<.1 cucc~ .md com- cdrnplcte te~t of the Lowry model 
ntcrt.io~l enterpri~es is incorporated in should have been <.onductcd in Yugq­
a t.rU(le mvestrnent goods subrnodcl ~l.tvia, in a forcign tungnc, anc! p.tr­

which prov1des an elll.tll';:~ cnr~~'.:'i\ ttJ!ly urtder forcrgn .tu~plt.e~. !:qu.tlly 

011 tite ~tl~>lv ~idc. ~ ml~l~~ notcworthy is thc .1~[>!1( ,,hdrt uf tite 
Fe;"'~-----"éou """""" ~ lieñw7c 111 .1 lllllrC or lcss frcely tnudc! undcr I'OV•'' ""'< "'·'·~ 
deve!opmg town, Readrng, an?, in {¡"7~rtc~":!I;~'(''"'R!_.._ 
one which is almost exclusive!y plan- "'=""' .,.,.,..,.. 
ned, Stevenage, ~uggcst th.at tltis vcr­
sion of the mude! (.uni!y t.JII bridge a 

wide r.1nge of altcrnatives when .tp­
p!icd in .1 planning modc. 

1l•c rnonogr.1plt i~ .111 interirn re­
purt ~ud orur111~e> lm tlrer worlc iu 
conceptual dcvclupmcnt, po~rticul.tr!v 
in the t!uection ol di~.rg,g,tcg.ttion 01 

the typc suggcsted by \Vtlson, a~ wel! 
as Jdtlruunal testrng of thcse e!.tb­

oratcd .. ystcms. 

TlfE L}URLJANA MODEL~ 1970 

The most intcnsive-tcstlltg and coru­

prchcusJvc use~ of tite Lowry modc! 
tJI it> ungin.d form ..1rc tu<.!udcd 1r1 

the tet.hnrcal rcpurt~ of thc 

A 111 e r t <.a n- Yugo~!.•v ProJCCt. The 
stucly Lcntcr~ un tire uty of 

L.JubiJ.trl.l .111d includes tite arc.1 sur­
ruundtn¡; Jt. Tite proJcd W.IS dcvi~cJ 
as " dunon>tr.attun 111 urb,tn and 

Stagcs of Devclopment 
Tite rnoJe!s inc!uded in titi~ rcview 
were carricd to dtffcring dcgrce~ of 
LOrnpletion, rcllecttng the v;trJcd in­
tcrc~ts of thcir cre • .rors, ,., wel! ,,s thc 

rcsources am! data tlt.tt were brought 
tu bcar upon their developrne;lt. 
Tltree cumu!ative Mages can be dJs­

tinguished: qn~<pif""' expe.rr:., 
l/ll!llftll ~nd ~:,;;111¿9·it.., cvil­

-:::j;/-:;"':j ~t.•gc '' cll:ll::t.lcriLcd by 

plan~ and 'tro~tcgtcs to extend the 
Lowry rnodel, including cmbellish­

merlts of ~ VJ,r);'hlc'J;, 
.111d thcorv ":~t ~~~~~ll.tll,tl;tlf'V. In t~L. 

.....,.c;rn,.,.,-,o=nm f "-~*a 
<'\'fJllllllCt/f.,¡ ··'·'~:e, .. ullupl,,,Jrnudr-
ltCJttun~ .nc confrontrd wn!t d.tt .• , 
.111d ~ut.~c~>~vc tri.tl> .tnd relincme11h, 
usu.tlly mvo!vm~ the U\C uf cnmput~r 
progrant~, .1rc L.trned out The operu­
f!Oilal st.tge ~igntflc~ t 1tJt tite cx•Jer:­
mcnto~l work ~~ carrreJ tltrou!>!t to 
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TABLE 1 Lowrv Models By Stages of Devtdopment 

Developmnnt stilge and 
name of model 

Conceptual 
Gartn·Rogers 
A. u. w •. ,.m 

E :ipertmen tai·Concepr~al 
LO•"IIry 
TOMfVI 
BASS 1 

CLUG 
Crt.c•ne (TQMM 11) 
Ech""'llue, et di. (Readmgl 
Ec!•e,,que. eral. !Stevcnagn) 

Operat/Onai-Experimentai·Conceprual 
PLUM 
Cnp¡h-Foot (Bedfordl 
Cro¡1ps-Foot fBedford and env•ronsl 
Batty (Central and N. E. Lancaster) 
Batty (Noltln!Jhalli>Derby) 
Lrubljana 

forec:lsts, evaluation, and applied de­
ci~ion-ma k ing. 

Tablc 1 attempts te classify in­
dividual models, based on'• docu­
mentcd rcports. For experimental 
modcl~, thb clas;iflcation may reflect 
a tr:msient status toward full opera­
tiun;.!ity that is not yct documentcd. 

Cbanges to the l.owry Model 
Having revicwed thc model variants 
in chronological order, it is appro­
priatc to summ.m7c the major 
chln!.\e~ .and :ulditions. 

DVNA."rUCS ANO QUASJ-DYNAMJCS 

Thc rnodl'ls attack the handlin1• of 
.,,,,,,.,,~., ... ,~ 

,the t11n•• 1ionnr~im¡ in scvc•·•' w:1ys. 
The ~~~~s is rhe Wilson 
partilioning in wl11ch behavior of 
non -mover~ is con trasted witi1 those 
who move their residences, others 
who movc their employment loca­
tions, and ~nll a t!nrd group who 
move both. Thcse flow~ of movers 

·~~>~",1"'~~llt!IC 

.ue obviou~ly mr.lslll• ,: · 1 1 ""''un'"· 
11 , ~~·DJI"ol.~·~~~.-.1!~ 

.!S WC ;¡~ IITI['•Ylll¡.., uil•<'l (IYil.JII':t 

in fluence~. 
TOMM 1, earlier than Wilson, dis­

tingui,hc,l betwccn "~t.1b 1 c" anJ "rc­
lnr,¡t:•1>',·" rntitics, ~ 
~"'~..._ •.. /f .... l 1 d 1 lltcut.u y '-'''"· ,.¡,:\ ', t 1at ca ~ to t }C 

Wt!son po~rtltionin~. PLUM uses c~m­
parative sratics, r!.e comnarisqn of 
t.""Otlir;h, it1n1 ;~ '',\c·'' ,, lO'\ ~r•;!,-:;;'~~'rf~ 
11~~~~cu.~~-c:r~~0~.uf~, 7 :"".:-tl¡a' 
~"a.~l.ta:r.Q ~~. -~--~ ...... ~ 
\'t'l..tor, 'i'he :\111 i'l!J IIIOl~l__l,"'' g~IIC 1 .tll: 

~~;lt...!'Oer 1 U''i''f'''rrt ftt,.llrc• c;t,,ff"'\, in 
~~-:.·;n.H ::.s. -.:.:.f . .-,lj lhf?'V"tt n,.., d 1 

!>~. ".· ·'' · , . ,..owry 1110 e, 
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Numbe• of zones 

not apphcable 
not élíJfJIICO~IP 

456 (6:50 w1th dumrr.y zones) 
189 (300 II'Jith urban perimetllr) 
127 (260 w1th urban perrmet~:r) 
196 (11'x 14 gnd square~i 
not documcmed 
130 
49 

291 
70 
130 
51 
62 
173 

but are moving in the dírection of 
the Wilson approach in future ver­
sions. Finally, thcre is Rogers' in­

triguing concept of "~tiona~t¡" 
attained by succes'sivcly Hcr.tttng a 
matrix UtJtil it attains a stable alloca­
tion and an unchanging growth rate. 

In evaluating the handling of time 
in these Lowry-type modcls, the con­
scnsus for rhe static form among the 
operational versions stands out wirh 
overwhelming clarity--e•cn PLUM 
uses comn~r.~~ivr ~t.1tics. In contrast, 
much c·~·;f'~'f~~i":'c"'¡;~~ and experi-

mental work attenrpts to incoroorate 
~!'ff.'''" ..... P'Zi' 

sonu· fnr~'~'b)J.~ Licrl· 1s 
,~;~be s.IJ(i or .cote ~~~(t~,~~ 
sta~i,¡;..,w¡¡j 1.~brJJIJ.lk:X.~~ 
oi on1"n ·'•tv. '' m,f,.,,,hrlitv ol ..... .,.,~,.,......,.,~~ 
model, .11110111~ !lldl'l!llotrt.lll ·'~ 
;l~~~~~~·~~~~ .'1-i~(·:.._-,,~~~·~ftfi~ fll'>, 
p...~ .. :o,. J~--,l.'¡~~..r~-¡!,.'C...-o¡:.~·'y~~,, .. ¡·~, aJJ 
lJn tlll! ollll'l L.llll, lile e l:'L~r d~~!d 

non of the ti .. ne-n;¡th of el, '""L" 
~=;-=.b•.::.:<;.,¡·'•<"GIL---~ m~ 

111( llGIItg ~~~;~· .. ·~~i_R~~~Uil ll;l 

po~th, al!ow~ pr..:~..:nt pol1etc' to be 
more clmciy 01dapted to the long-run 
state (llarris, 1970). 

Tt'1MM ll expcwne¡lts with .l \'. 1' ,. ,· 

,o!l.irtb:ue coilJ.~·break. ht ad,!.riorr, 
Wil~o:l prcsents wage ~tr.•tifiotioll• 

CLUG i~ uni.1uc in cli,t>lrc'uL'". , 
offic-c activit•es from lns•<.. .m.: r<·:·. 
lo.~tion-se1 vi.1g. 

'\r•,.r•f.r.IIÍ~n ólt ! 11:e O( .,,,;,• 11 ,. 
-..e~~· w-n~?lr--':1:.1~~ 

incluuv ... II!LL.Jllt" ~v-l"r~, 1 

typc~ (Wilson, TOMM !, -;,';\t\1 '', 
CLUG), and site amcr.itic•,, •.S•I.> 1iy •n 
the form of S!Hrogatt \'r•i.,ll;,.:. 
(Wilson, TOMM íl, Cripp~ H,! roo•'•. 

Str:nif·c,otion (lífi'"" '" _.,;,..., •r,, 

divl~~::;v~~~ 
~~..:t'~':;..,.:: ~"""~"p-.:.:;»; 1' 
lite l(gft.lrt ( ~~.H~Ct-:..11/t.., 1 ,,,, t J'~; 

of BASS t ;m•l PLlJ.\t 'J !ti~ ~·w ,\' 
·--· .,., ~ 
~ 1mp.1<.1t y r<·co . ·- . 
thc hi~toricJ!l}' vary;ng •t•flr~rn,·•·s o;, 

urban form and structu; e •" Olll 

moves frorn ~he center to the outer 
p~rimetcr of the rcgion . ., 

Severa! oper.ltior.al moaeh 
(Cripps and Foot, l3.ttty, aud I'LUJI.l\ 
abandon the Lowry srr.ltifiLation of 

R;o.."""Pl"'i~ 

population-serving c,11 • •• ·'''"'~ 
~~fflffijf~;=;-~~f~\~~i~~~~~)ltl!. t (J~ 
theso! activitics in f.¡vor of a sH-;!!,'c 

homogeneous category. 

It is significant ¡lut a!tJ,ough che 
conceptua~ a¡,¿ ex perimen~Jl 
modelers call for expJndcrl dbaggre 
gation, the operational vnsíons h.1ve 
not pushed far in this d1rection. lt 
may be tlut we have scrue kin1l of 
grand experiment her~ that provrd~, 
data for Alonso's l ogcnt di~cu~'IOII 
of specifir.ation error and ;mpcrlcct 
data as constraint. on thc cornplcxrty 
of modeling (Alonso, 1 %8). He 
states: 

... it is pcrfectly conccivable 
that we can clcvis~~,~~ 
mode~ ... ~~~ 'l\'llt.,l 111 ... 

~~~F~~r-~~~~~ ... ~ 
..._,.. .... ~.......,.,_--,,.,., . .., • .,,_,_.....u 
~Lfl~t.: (ll .. l(, ,llljl{)llt_¡ll Lill;} ..IH.' 

more "accur ... te" in ch~11 speci­
fication, the quality of the data 
results in a derer iora~lüll of 
pre,hction. 1 ro~isc thc q•J-::stion 
of whetl¡er in rhc lrcld of lant~ 
use aPd tr.afflc modc!:, wr havc 
not gone beyond the be;t pre' 
dictors. 1 rnu't stre~~ th.1t 1 do 
not know whe[hcr wr hJve or 
have not: buc we must try to 
find out (p. :251 ). 

CONSTRATNTS ml OEVE<.OIPMENT 

Sevcral a!tern::~tíve appro:~ches are 
prescnted to the proble•n ;:,[ e~ta0· 
lishing urper a:~d :owcr Lounds on 
developmen t. r n sorne cases tl1e~c ar 1' 
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tu keep the modeling process under 
.:ontrol; 111 others, to allow planning 
'11nit; ro be used. There 1s frequent 
~.: ,)l'llt~l'llCt' CHl the '10T!'~.Il'7.1t1011 ,1(, 
~~NJ::jl~~~ .... a ..... ~-n~'!'l:PtZ.e 

-'t 'llll.tLllllll'~ !,tll\lll,dlt.~u .·'l ..1 
"'iQ., ~"~- .... ,¿ . • 
1< ,Ltlull of l!lterLUil,,J CtllllJ'ClltlUII, 
fl.HticuiJrly whcn thc !!fJVIty fum.-....,.__,c'"""" "'J"t!%) 
tÍl1ll ;, u,,.¡{ e ,lloc.,tloll 

\V¡l,on's most e cg.11lt treatment 
ímpo;es economi'c constraints by 
confronting household income with 
LO;ts of housmg Jnd transport. Con­
tcptual and dJtJ problerns 1ntervene 
to hinder an c,¡;y ;olutwn, although 
w.J,on doe; pu;h thc problem to its 
'-umplc" lnnn CLU<.; tonto~ins .1 

,Hnll,¡r mcch.tnÍ\111 111 ;1mpler form 
lor ~Jming objcCtlvc;. 

I'LU\1 mt!udcs. a zone-w 
ciín,tt.llnt proLe'~ ~11 re~.¡ cnu.d de­
:':~:'~~,.,ll invulving the holding 
L.&p.t<.lty of each ZOI\e at eXI~tlllg 

Jcm1ty, a11d thcn mod•fy111g the den­
\lty upw.nd to rc,punJ to the pre~­
~ure nf excess dem~,¡J at the ZOilJI 
!,·ve!. 

Cnpps and Foot Íl!-~9,!!::::. 

~:U~,t.r&b:.;.'~~~~~~~:aV'l 
·.t·! ), ,l),l.t' l.~~ , ,,,, 1 't."/~"lt' 'Jt!~t'rs 
_,,-::;n~""'·-'-"!......,....,.., .... .~ ¡íj G"-!lcsw.... ..... ~J ... -.e 

\' ' 

/\REAL U~!TS, ZONES, 
AI':'U NETWORKS 

1\JI ul the model, ,,M¡"w,th ,, dcfin~'d 
. ~:u=~ '''"'v .lrL',I~~~:•t! ·'•1•'• '''ll\ • •l,',.W_bi, 
~lc:llt'~.:ISIL.l4 '4~-,.oa::h.bJ.:J:~ 

1 ' ' • ... • ¡ l 'l • _, 1 11 ''\ 1 t t 1 t 1 ( ,, ll'f 
erD~ .... .., .,, • .. """"", t2t..A~ n•f="""'TC'rr=tl~ 

, 1'1\' .1 llC. 11,~ 1 o¡ 1 lH!;:.._ \Ct:llllflgly 
';l.- ~O.. .~:i..a.db:t':..!f.Ud"'~; -W'IOU 'i~ 
c'',!lollo' ''/ .'"• "l' llave sub~tJnLIJI 
1;1l;u~n, e ,,nn d1c rnode~s' pro<..es~es 
.mJ tl1e1r tre.ltlllellt> J¡ffer among 
thc 11HH1.:1s ~n.•'> Lcd here. 
· As ¡,J~ o~'re.,Jy bcen mentioned, 
the ~tudy arc.1 mo~y be a town 
'.Edten,(ple), .1 ~ubregloll (Bdtty, .1nd 
Cripps an,i l'oot), or ,, region. T~ 
re·· ,.n,11 ( c11q ,·nt 11~ed 11cre i~ t:tc' 

l~=t- ~~~~:--.1/~:~~-f.Y7:~ 
c.a.."-a~ •• ;:.•...._t;S.;.¡;u:;ttJCIO' ~~ 

u• 1 1' Lli!Jllll'd/111!', l!lb.J!I UL'VLIOp· 
-.. .... .,...a 
"·- •te, 1.1ther tlt.m the reg10n in the 
~.cctionJl ~cnsc, ;uch a~ thc Souch. 

1'!-u-! · tt• ', "re.• ·-.. "~lr'l~iont·c..1 III'O 
-l··t.~.~· ~:::.t:Zoz:=-:sGn 

7.onl'., \ 1 '' 1'\ '\ t.~.. l'r 1l1 \t.•tl.lrl.'" 
c:r"""'"'f'T'!'E>.Z ¡fJ~L~Q..~~~- ~z:r~-:::li 

\I."\YI}, L< ll/l.lJl:~), ~~~,~~ 

rTOI\tM 1, LJubl¡.111.1), '" ... · ... 
\ ~. ~ ..... ~ 
[!.!(h, or OC l'lllllllt'f,\[ •111 tll oliiLl\ 

~~;¡)', olll(r"fC37·):·ter:=.......::M' 
TI., .. r ¡r ,e ol ''·"~,,~,le \'"'d from the 

llé"f a.~-"f~:!-~.#;~lC.~F.";r:::r.JI,-:-;~ •• 77173 
tBUT· lü-' ..... ~iW'i ..... .....'~¡1<, ~~ ::t:e:.,._ •'1:'1Jl'~~&23 

1' 11 ' 1 1 J l , , • 1 , 1 t , ~ , 1 • , , , r 1 (\-. r 1 1 

pm ,,_ ·~9'>'·-·.:':ott.\!~f ~~..cr-:.-:-~ 
[ • 1 -- ! Jt':,._: r 1 •• ( \'.'{ • ! 1 

~ "·-w·;-.~. .. ·.~! ; .. s r .c~ ... -~~:j~ 
1 --~~ .... .......: ,¡;?:PC•¡~ ~· ~ u"J.~~._ q~~-""':Q.~ ~ 
! 1 • 11 '~ l L 11 r', lltl; 1,,,!1-ui ,t 1 lltt' 

....,.._~-- az:::t_ ,__..-:;;¡...-~ ..1 

TECil''dCAL REVILW GOLDNER 

VARIABLES 

In addition to the v.triahles Jmplted 
bv the ~upcre,rinn~ fo~~~~ 
~~~=.,..a-.~··,,.,.~,_,.,....,..¡ 
!)1:'Vt.>í4it)l~ IIIUlll.h lltL..orptJI.IlL 

ncw variable; to more Lornpletcly 
comprise rhe development proce~s. 

L~1~ (TOMM 11) o~nd hou~e 
flr" •' .nll! w.tf~e' (Wilson) reme~ 
~~~ . 

ol>v1uus ullll>"'m in the urban eco-

MONEY FLOWS 

A un1que challenge for rnodelmg 
rcallty ts contJtncd 111 the Cornell 

Land Use Carne. ~~~ 
[~~~~")'~!:')_¡ llt<.U111pJ;~IIlg 
w.•gc po~ymcnt~, LUil>Uiller spcnding, 
tr,t11sportation custs, renta! co~ts of 
busmess and res1dcnce sectors, local 
property taxes, and profit accumula­
tion. Although the g.une context 
provides simplifying cond1tions 
whidt allow thi; to happen, the 
.malogs in thc model contcxt should 
t•e11~r_:_1tt> s_ome ex "enments to com-
,~~~~~.~~~"~l~~rn~znn 
'c;:cr:a:t.t"'io/"JC.," ·~~~t"$ &.11 

CAL.IIIRATION ANO 
EVALUATION ThCIINIQUES 

Although the author; are rnodcst in 
the1r claim~, thc extens1ve work on 
cahhration of thc models by Bo~tty 
und by Cripp~ and Foot comtitutes a 
step tow~rd upttrnJzation that is not 
vi~ible chewl¡crc. Tlm extensive ex-
pernncntJllon cfc,¡rly has 1ts roots in 
thc entrnnx m.txllnlzJtlon frJrnc­
work·<-:::vclu¡JL·<~t?":v·"~''íif,"',"'""'' .. l.-=---... 
~O(.Idted WltiJ tJ11s O lCÍrtllZIJl ,,( 

ag¿:/,;:,:~~~ :s thc Jcr.nlcd v~•1o.ty 'i 
tnt, u,ed fur ev:.luo~tlon of ¡l1e 
mude! outputs E~Lhcwing siieff·­
{.ICIJLS uf determin.ILIOII ~R'2) J~ 
tot.dly ino~dcqu.Jte, B.1tty .111J Cnpps 
Jnd Foot ltliJt'lll~llvely crcate o~nd 

ConciiiSWIIS 

This rev1ew of Lowry-type modeb 
generares ~ome sigmftcJnt conclu­
srons. Frrst, the model's innovative 
character is conf1rmed by the large 
number of prototypc> desrgned to 

ceP~;JI3 fr.unews¡d.., 

Sct.ull , ..1 w1c!c '·~~:.c~·~drc 
docurnentet~u.ttn~ .ttte1np1~ tn 

u~;:,l~"fi""''•t 
Wllh v,¡ry••qr l

1 
',t ll •" H¡ !."•, .l'l \\.~1 

f 
e.:te.r~--.... .)DD-... ..,~.c=,..p 1!!.-::s..a-..ail ' 

as or · · ., ,,, . , 1"" ~t~,.:,. 
l;..¡.~~..J161..-.,_!I:!.~~~j = -, 

Th1rd, a ren1.11 k.,L>ly l"t'.:' 1-·1 opuniun 
of th.e effort~ are <..onf111ed to~en-
mentJI objectivcs which di nuf' 
ri7.:'1;' the <Jp:;.';';~:;~al stage. Fmally, 
t he exceptlOnJl pcrformarke of 
Bntish modelers is noteworthy at the 
conceptual, expenrncn t.Jl, a ml opero~­
tlona 1 leve!~. 

Tl11; !,,;t conclu;ion mcnt; ~orne 
amphflc.otion. W1lson in onc of l11s 
earlier p.1pers, <~'ff~rished betwcen 
"elementary" model> Jml "more aC.­
vanced rnudel conceph which do·-

co.-c 
mJntl knttwl,·.'~"r ,., · 'M•·ncc ,rtuc 

=-=~--1.ef.:~~ t -T't!':J 

t~fllllllli,v•,:t[l!ltf:¡I','ÍltiiLll•l••• 
1 .1Jl.4.~f~•A".;.Otl';:;~.~.).~- ..43!.'" ?:'S"' r t' =c:a ffi v'ltlt)tj, I( 1 1oli'\ lfl' LUrltll!llL.~. 
.~-....:=.,.,=-..r.-=t'"' 1 "::.uc11 " IITtlltLll .tpproJC 1 rcmarns 
useful as more empírica! work 1s 
possible in the short run u~ing ele­
mentary models, and so they .1re 
worth devcloping until the two 
;trcam~ of work merge in the long 
run" (Wilson, 1 969.t)c This commlt­
mcnt to a need for, 'and a u~e of, 
models in wh1ch elegance was tradcJ 
off against "more empirical work" is 
one clue to the Bnti~h achievcments 
Also, the orgar¡i.latiOnal ami financrJl 
coortlination, ellll•uthc0 in the cstJb­
lbhment o[ the Centcr for Enviran­
mental St~/dre>, enltJnced with fund­
ing capJp,Jl¡ty, ~ecrn~ to havc becn an 
effecti~e dcvice. Final!y, thc vanety 
of u;;b of urbo~n .tctiv•ty motlt-:, 
whicrh Jrc corning rnto vrcw w1thin 
thp ~ llriti~h plann;ng framework pro­
v,~de~ suffJCI(Cnt demand for, and ~up-

• •port o f. operat1on o~nd cxpenment. 
11, indeed, the ;tream~ of work are to 
mergc, this review suggc;ts there are 
severJl potentiJI convcrgence poin~5. 
alrcady vis1ble. 
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A11thor's N .. tc. J /u, r,·,•tcw t< floJrt of oJ 
rtrt•''•'\!'•'1)¡, /•c·•u~ l'rt'fhlrt.•d l•y tlu· ,,,¡,,,, 
.,,"¡• r .1 rt'.'t'clr,;-/z Ct>utrurt Wtlh tlu· l' \, 
{l, f'•'"''"''JII ,•f /'r,lii\J't•11dl1011, 1 4'd~ r~f 
} {¡ 1..' rlll',l\' \1 /m 1111\ lrtdiCUI /7u (I,)JIJI(J#h, 

¡rr~dot~'· ,,,,,¡ c,luc/u_,,,,,h •''J,1l'(:H d lu·n•­
"' ,,,. ·,;llht ,)j tl1c ,,utlu•..- ,,,¡ uot ,,., •·s­

'""lv '"'''" ·•f ti,, 1, d.·r,,/1/r~•ltu•tJY 1./­
'""'hlr..Jir,,,, 

1 '" 1 'nr•t•< ,>( tlw llnu••·r<JI_\' l>( Ht·adw~ 
ll'ol< l'••rtr. u/.;r/v lu·l¡>ful 111 ,,,,,,¡,,.~ 
m,lfi'TiollS JdcJ pc'1\f'l'-.·t.l1 1f C)ll ft'/c'l 1tJU/ 

lí"'''" c'\[l•'n• •rr1· 

1 Thc,c cnt~na Jccnunt for rhe om•~· 

""" from 1 h" uh~u,swn uf rhc RASS 111 
lnthh.'ls de \L!Jbcd ¡n }olh, /)t'0/1/c•, mul 
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_ ~:;> IION HA¡;>P 1 5 

.\lmt of 11> 1d10 are e11gaged in onc form or an­

other of rr.trl\jJOI!.t!IUll and land U)C re;t:dlch 
. . ~---- .. 

h.n·e Coum~d ..t very large proportion of our ef-
fons o11 )imulatJon This means th.l! we h;ne 

de1oted our · efforis to reproduc111g 111 some 

recog-uit..tule form cert.1in "";;;,~~n; of li"lnna11 /¡~: 
h.JIIor or uf ll1e l'elfon-rJ.IIICt: of llll d t,lllt ~o ti 
;l>lum or of .1 cotniHn.l!iou of tln;e 11\0 \\'e 

h~1e •'•ute ¡/¡" gcuc:J.oÍly JIJ ou!cr IV IIIJI..t: prt:­

d•· ""11>. ;uul \\e: h.11t: IJecn IIIICH"stcd 111 the 

'v ol ¡Hedtc 1 totts 111 onler to ;'''"! o11t: 

.t~CIIll<"> tol ,,tite! pol11 y-m,tl..cn 111 m.oklug cl~­

lhtOth lt " ¡J¡e '"""' >1 ..tllll of thl> l'·l!•lr 10 

P'""'!c ,, ¡,, ... f lt:\Juv of so1ne of 1hc w.tv> 111 

,..filo h tlt< or": Lllt IK of :I>>Í>Ialtl e 111 IIIIJ>IO\'IIIg 

dO<" >11111:1111dt: of ;ttll!ll.t!IOII>, ,tlllf IOII!>t'IJII<'IIIf)'. 

¡l,e .H• "'·"' of l''''t!ruwns awJ thc wr;llln> of 

dn htOth 1 hnc: "· 1 '" liev¡·, nry lt!tk 1\hH!t 
1~ 1111\tl 111 1\Jo,l! 1 h.11e (O ;ay .¡IJOI!l tht: rc:J.t­

!JUIISittp> ldltdt f llll.tgliiC !O CJ..I;! IJetiVel'll tht:­

ory ,tlld pr.1uicc C'""equcrHlv. 11 mt~lot he wi;e 

tu .qwlot:llt: i11 .Hh.JitCC w the pllllo,or'l'cr; 

who'e tdc," 1 rn.ty .dome allll to my re.1du; for 

St:fVIIIt; ,¡ WdrJIItt! OltT IIICIIU. 

Slll(t: rlu-rc " .r t:"od deal of popular j.1rgon 

1\hJth !t ncl, 10 IIIIJ'JV th..tl praClrt.d ,1(!1\lliCS 

.tn• tl>dul 1\'ltdc .u tflllll'; ck.tlin~ wirh riH orv 

ll'lld lo he JtollproduUJIC, I llllC'IHI to de11>1t' a 

p.rrt of tlti> d"c """"' 10 wlJat '"'.t:ht J,t: c.dlcd 
p.u.u'""c rlly a do\\ u-tu-t',tllh cid, ll>e lo the;e 

,lt<.tf .Hli\'JlJC>-.Jftd [O >Ofllt' ('\(lf'lll 1 

,j, td "I'P"'c 1\'11.11 1 1\ordd c.rll cr.u l.. por ll'.tl""' 

,\'ldr 1, 1,.1! lllfl•lll J,c ttnncd n·.dhtfl rd< .tlt'"'-, . 
·h JI. rrr.11ul Rm~tll l!.t; >.mi. ".~1Jlhi11g 1; ;.a; 

)I,IUil..tl .r; a t:nU<! rlu~u•y:" 

rJIEOR Y A 'lóU PRACTICE 

n very ;imflll' tt·rm>. rlu ory is a gener.d slare; 

lll'llt ·""'"'" 1h.: rt.d ''"""· lu ¡J,t,t· '""l'le 
e•tll>,, for e'-·""l'le, thc l'lrh.rt:<llt.tll tlworern 

S OIIC of 111.111y !OII>t'IJIICIIlt'S 11f rJw dH'Ill V of 

:uduit.tll guunurv .h ;11d1 11 rn.tkt> 11' Ol\11 

;nocr .. d ,r,llt:Jtt('JI! alrorl! tlu: propu!Jt >uf llglrl­

ngle trrant:lc•, orr· pl.tJoe ~lllf.Ht;, .rud lt.~> lt.ul 

rt·uu ndcu1> p1.11 11t.tl i1dlueuc r· 111 'illll t VIII~ .tJul 

uguJet:nng. 'llu~ theurclll p101 1de, th<' b,r\1; 

for all the well Wo•ll formur.,; ul elenwnraq 

trigo11omeuy, for t:\.amplc 1 l1ere are tl\o w.t)" 

in whrch, hoi\CH'f, wc med 10 qu.rhfy this ;im 

plemu1ded dduu1 ion of theory, ami it i; tht,~ 

qua!iht.tlÍOliS \\'lllth 111.1y ll'IIU 10 J;flt' thc 110 

ltOII of theory >orue uf H; otlret world !y e h.Jr.IL 

ter. F1rst, whcn 1\e .>,t)' th.rt thcory t.dl..; ,,!,out 

thc real wollcl, 1\C h.11e ro i11dude in th.11 ,~_.,¡ 

110Jld tht rllliJtl, arul 11l<·.r> ~1 mur 1 '""· thc­

orv tiiJY ck.r! l() \ttttH: ''\.l<'fll w11h 1< e h1uology 

.111d 1 1111( IC[l' d1111~'i Ull llll' Oll(' Jo.llt<l, .111cl 1111 

tltc oiiJt r lo.lful 1\ 11ir rut'lll.tl <IHI\llllll; whu h 
are -.·l.!onr or lll'll r t'lllOtlfllt'll'd 111 llrt: phv,i· 

C.tf IVOIJd Olii>Hft: uf llllll'> lllllltb llllllf tlwy 

h,I\'C IJt:l'll WllllCII do11 11. 1111' n·.rl '"'rld of 

rrwnt.d (1)11\lJllll'> is .r \l'l}' intJ>Illl.llll ott<'. and 

111 1he end "·" 1n,rnv pra!liLil .tpplrc.liWII'; Tire 

(\lt:ti!>IOII of tiiC' lii~OIIIIfliUIY of llll',t>III~IIILIIl 

litiO lllf;OIIOflll'[fiC fllllllÍOII,, for l'\.,llllj'Jc. Í) 

tftl' IJ;¡;¡; for Ot1wr f.II~C p:trlS of t:II:.,:IIH'I'IIII!; 

'1 he ;eco11cl qu.tlifictuon ¡, th.ll a thton·UL 

Sl.l(('lllt:lll :tfJOlll the fC.tJ WO!Jd lll;tV 1101 he, l<> 

the ldl'lll.tll ,,¡ k;r>l, ;r Jrrogrllt.drll: lll.tl'l'"l~ ol­
tloe re.tl_ world. a11d t-hc--i,.rture of tl11 ,;ll·le-

;poild<·uce bt·t~\'l'ell tire thl'ory aud tlll' """" 
,1111( ¡Jre CUII~t:IJllC'IICC'\ of 1he 1111'01)' lli.IY II<Jl fJI· 

ll'Hf•Jy C"-Jlh''>thle 111 -~~l'fV!LI)' !.rugu,tg~. 1 J¡j, 

SOIIICIIIIICS Jll,rJ...e; Ít drfhudt for tfll' f.ryfll:tll lll 

cond•ulc at l!r~l glarH e th.rt thc theory ¡, r11 

.1111' 'lll't: rt.dJ'ir 1c or h,J> ·''') p1.1tr" .ti tou~e­

qtH'IItes. 

'T lwrc 1s of Lourse a11 ,i~!_IÍIII.l!l~ rcl.rlic~mhir, 

hctwr·c·11 theorv ;r11d scl"r11e "' ¡,. 11" <'11 thc 

\C:•frc.IIIUII of ~~~l'<lly,aud tltc._>c lt'Jllolu Hll'lltod. 

S•nc_c tltemie; lltll'l'>l of ;t.¡ltnu .,¡, .dn1111 1he 

t~·.tl world, rlreir dtg-Jt:t• of cor" 'l""'dellct' '' irh 
thl> ll',dllV~-111 ltt: ll:;¡td \\h;,;. rl·t< .. Jl.d" 

wor!d 111 c¡uc'liOll ~~ "'~~' of ."t'_"r.d """'"u t~, 

"' tll lo~ic .111d malhc·lll.ltÍ< '· tlw lt ''"'C: tii.IY 
he of .1 >ptu.rl arul \OIIH 11lt.ll d1fh 11 111 IJ.llllrt', 

b,l\o'd 011 ÍII!Cfll,d ¡cJ,I[IOIIS 11111\t:lll tllll>llll![; 

h " IIO[ 111 gt IH'J.d ..t .li'IJlllll'fll<lll ,JI 1111' efe_' 

\dopliH'IIl of <OIIlt'plu,rl \\\ll'lll> .tnd 1111'11 tlu·­

ory rlt:rr .111y d11tct tOifl''l'""det.Jtt ,,.lllr lll.tlr· 

J<.(,IJJIIIld IJ\ JWfiHÍ"In!l nf rlu· ,,.,,,¡(1/ of lhl' 
A•ntllttttl /1nl1/lll~ ol /'ftnllltl\, \. '\ \!1, "\o ~· 
~~ pll 11dn 1 HJhfl, .!-JH ~;"S-
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,. d p'.'' nn1111 ''' ,:,"111,¡ :~~· t''~d,h,Jud, hut it 
!, "11 '!11<;1111\ !""'' d 111 ¡,,. thr· l.l~l th,ot,.dl<'l 

>1111/1 111 lnll• !" 11,,¡ · 11f tic 'l'!OpHH 111, ~IIth 

,.~,~~~ !''' h ''' ¡,1l111d nrq•uii.IUl ,uul urdnrt..'"' c•n 

·'1''''" .11 11111' '" lltc·lltl•' "' l'ht·noJntll.l. 'llu~ 
e"'",. ul , '' '''' ,.., ·''' ~~~~~~nth ro. ''''' uot thc 

'·"1"' ·" 11
11' 1 "'"' """ el, ll'loplllt'lll ol rut·lh· 

ool, .111d ti<\ un 11 lo.c h ¡,., .1 iou,_; 11 hile H main 

nu·Jc e u• i1i,ll1n, hut 11l11dl ultimatdy betomc 

tt·dwologu.tll\' i1npo1 tan t. 

\\'•• li1 e i11 .111 .IJ~t· of rapiclly cxp;mc!in¡.: sci­

tlllilot t'IHkl\111. ~~ i1'!JCC •lntl thc sticntihc 

lllli·I"_"~ ;'": _,,.~·i-"!L 111 "ty_ ·•pplit:fl i•• "ti: e ¡,"( 
in'l "" t· 111 olt1 '"1''"" ol hu111.111 t!tought Sllf h 

·" ~·doH'. .111cl I•'!"":'~'l'"~> .11111 m thc'c .llt'.o~. 
lltt' hllllllll.lllt' ,.¡ \lllll'>la!J!e COII!CIIIÍon are 

11111\t,cull\ Luu~ II,JIIollcd. \Ve 1101,. not only 

1-n"''' tlo.ot ''''Lil"C o! li1L alomic 11.1t11re o[ mat-
11'1 on!l' ,, fi:lllt' n111n!,._r of .ti1gds tan d.1II\.C on 

1111' po'lll ol .1 ¡un: IIC aho kcl gu~ater C:on­

lo.!t'lllt' 111 tire 11~111 .11111 co,_;ency of plulmnphy. 

.\1 !loe >.llnC lllliC, 11< W ~1011[15 o[ pheiiOIIll'lla 

,oH' lwu.ulllll' tht· ,uL¡l'Ct ¡,¡ ~cit•ute. Tc~L.dJie 

J.nh··• 1!""' ~!" .ul.,'tl\c hypothe~t'\ ¡¡.~--t!cú·l­
-,-,,., ,l :d .. •ut" rl .. ''- phenometla, .tucl thc~1· hy-

1'"111! ~'-'' .uc w~.o111ted 111 incrcasm!{ly UJ·ifietl 
,, . .,,l'lll\, llo·qw 111ly ot a qu.mtit.lti\'C natlnc. 

Sollll' ol ""' 11111\t'lllellt tow.ud> lll'\\ ;tppli<..t· 
llllll' ol tht• "ll'llllltt lllt:thod ÍS OULIITIIl'-\ in 

1'u' ''"'·" '";""'· ,lilfl in ti•i•, !rcltlthc t~l',; 
ll'lld<·, .. "'' le. ,1< el u: •·,thc ,1rca o[ pluio>nphit.al 

·""' 1 '''" .rl '!"'' ul,o1ion •. uul to -~~ICIII:Jllll' ou~ 
""''' '''·""'"'~ '''"'•J<<LÍH: pht·nomtll.t go h.mt! 
Íll ,,,;,t . -

!1 '' 1o.ucll\ IH'C<'"·"Y ro 1'('\'Íew the pra< tica! 

''·"' "' "'",J,- tloe ·"''·"''-e' of '>< ll'lltt dt111ng 
llll' 1."1 l\'fl t<IIIIIIÍ!'!> h.t\C g-rt";ltly illtlla"·rJ 
lll.llt·, lllllllfl! _ (1\1'1 l¡;, __ ll:tllll.d <11\''lOIIIIICII~ 

tl.lttll!.!h t!oe :'I'P'"·";~lll_of_ '''t'll<e _ro tr·Lhnol; 
11~\' l1 1'> llllÍI;' 11\dlll !11 J)CIÍIIL Olll, fi1.,t, that 

11•11 · o11lv 1' ., ;uue >lluc~~lul in ;m ohjcLll\e 

"''"''· ''"' .d"1 tlt.tt it i., ,,·irlely aucptctl pub­

''''' ·""' !''tina. rlly. ·" "'·" }1(' judgt"d bv thc 
¡:•111 111111< 111.d .olld Jllll.ll<' ll'>llllllCo wloid1 aiC 

de ltJ!ttl 111 11. ,tlld, ~l'IOlld, lh.tl tire gnll\'lh 

,,,,¡ Jtll >tige of >tlllllC h.o\'e 1101 ~implrfictl but 

h.llt' """Jt!H.ctcrl 1hc rl"rint!ion lu:twtcn prac­
llt.ol a11o! il•t'llll'IÍt.d clldt·,l\ul!o. 

1 he "t ol\tllllll'l, .. nf the ~~ lf'II!Ífic t'>tahli~h­

lllf'llt .1re "·"" allv ·iut< 11 'ter! in 1<'""'~ .111d frc­
qw 1111\· lr.llt' ,!Joll<'l ·,¡,nc· hmiJoll\ th.111 the 

>< :, 111 j,¡\ '( hi> ditlootfiiiiV.l'XJ>I' ,,, . ., l!~dl lit the 

<'"' "" 11011 IJL • '", 11 'tit·nt~ ,t11d tcthnolo~:;y :t3 

di'c iplines, aiHI organi¡alionally in the distinc 
11011 IJet\lceu nn~~ion-o1ienrcd rc~ca1ch and 
llll'nrt·lii.dly Olie-nJr·d -,~,C.tJth. '¡\; Ahin \Vem 
IH ~~~ '"'~ f('( cntly 0:111!-,h.I~Jil:d: rhc ohjectin:~ of 
"""ionoiÍt'lll<'tl rr·,c,uth are extt'lnally im. 

f'""'d IIJ•OII lhC '>lltlliÍhc lOinlllllllllY by the 
Jc.d ur uu.,~illf'<l neecl~ o[ ~otie1y :md by ~o 

<.icty's cornwl OI'Cr cxpendl!utcs, whdc thc ob 

jcctivcs o[ thcun:u<..ll re~can.h are Jargel} 

~enerated withiu rhe ~t!crmfic community. 

It .•ppears 10 rnc th.tl thcsc dt)tinuions, 

while \óditl and mcful for analping antl tli>­

tm~ing thc prohlcm:. of ~cience .md technolo~r.~, 
(all l¡e unduly ovc•rcmph.,~i;c!l. ~lany facton 

llllíl 10 IJ!ur the ditrcrl'IHl'S. 'J'ecl:nology .md 
ctqineering them>Cll'c~ me bccorniug more sci­

CIIti!lt in rheir "·"it method.,, am! u,meq:¡ently 

en¡;:inCCJ> ;tJc bcromi••t:: SCJCiltl~ts. 1\loiJillly he­
L\Ieen tlw p10ft·.,~rotrs tcrub to injen J:lli'~•on; 

!llic111,11ion and soda! rc~ponsibili1y int<l illt' 

,,¡c-m(fJc .. éo~nlluinny, '~~·hrdt. wa~ .iu. any case 

'nc\er d~Í-nhcd !Iom 'thc~e valut>s. The tremPn­

dou,J y accderatctl pace of sciem e rends ro 

""OJ rcn the scicntisr':. rime hori10n and bring it 

111orc imo .ttcortl with that of thc deci>ion­

makrr. Finally, the complexit:es of real life 

whrch fatc deci;ion!mai..('TS are dtidng tlH'JU 
awa y f10m s¡,·;;,;, hti~ comn;omcnsc judgmt:nts 

;e~ul in the dllccriorl of a more comprrhcm1ve 

·"'tl qu.uuital!\'C approach to- t!JC p10l,ll'nrs 
wh ic h .tl he y f.1c(• .. · · 

Ir IS ¡¡, f.t<.t the magnitude of the problcms 

o[ \flr Íl't.ll COIItJO! in ¡¡ periodo[ 1<1pÍtJ rh:tnge 

an;¡ dc~cloprn<·nt \~hiLh .1rc providiug tlw im­

petu~ for rhc 11 ul)· ~dentific dcvclopmenr of 

the ~oda! ~r•cnt es. l'roblems sudt a~ manltain­

ing pt.llC, [c·ediu~ b1llions of pcople, reduc111g 

raci.tl d•~crimin:uion, and orga11111ng great 

cittes rcquhe ~'?w~_rf~rl _ _i_n~trun!~n_t~ of _control 
ovcr_

1 
__ mcn __ aml. machines: The~e problcms of 

control ~·111 no.longer be_rc.,olvcd by ,:m t·n~•­

!IC'l'l,lllg apJliO<Ich, whi<.h i~ ovenvhclmongly 

orot•nted tuW.tJI!.. phy~ital, inaninrate, m.1thiue 

~y~H·m~. Engrnccrs worki_ng in 11 <~mporr:ttion 
plar111irig mu;t p;ry _iucreasing aucnuon to 

pwblcrns of hum.111 hch.rvior~ m;d ir •• r.•pil!ly. 

!.ccmning e\idcm that the rcle\•;rnt hehal'ior> 

.tre not only in the ficlds o[ Jransportation de­

mand ami transportatlon sy~tcm utiliJat1on, hur 
¡¡Jso in the field o[ land w.e developmc111 ;1ucl 

loc;Hional choice. In a seme, thercfutc, and .11-

mmt willy-nilly, the planning eng111teli ng p•o­

(essions find them~elves wotlang on a C. or1L1cr 



. ,r ,. u·11ct· Tlus is the area of ~oci.tl hch<~vior 

·""~· ,,,, o.ol_ C'OIIIrol; i11 whith the "I'Ph~.ttiun o[ 

•'•< \ti< o1tilu mt·thüt' '"'~ !Jeen Ullduly rt:tarded. 
1 11 wdcr 111 t'xpl01e what unphcauon~ thi~ sttu­

·'''"" wdl !o.t\C fur t 11eir work, we 11111~1 thcrc­

!•HI' t.1lt: ,, dmcr luok .11 ~ume of thc e!emcuts 

uf du~ uJcdwtl. 

~CIENTIFJC 1\fETHOD ' 

\\'e are mcd 10 the idea that man and the 

ut'1er Jughcr p•in1.1tes :ue endowed w11h an _m; 
11.11e uu io~IIY. whid• le.ul~ them to _explore thc•r. 

11 · 11\ 1rorrme11t _iu an ap¡JJrcrrdy "'~·•tr.,IJI~ 

""u Jout euti1dy p11rpmive w.ty. 'J hcre ·~ u~u­

.J!:y rro .t p•uui Jtlerruh.rhle u~cful p.•yotf in 

~UIIIC of tire C'-J>(Ot,ltory dltÍVI!Il'S Of IIIOIIkC)'S 

·''"' thildJerr, .111d ouc •~ tcmpted to m,ol,c .111 

,on lugv \\ ith the dat.t-wllection propnhitic~ uf 

~t·,oJ ~dente 1t:~e.llt h ,IJIU tr.III\('Ol'loiiiOII M Ud­

In. Ir i~ .d~o per feu!)' cle.tr, lruwe\cr, th.IL in 

111.111 dt J,· .. ~t. cunu~uy eJ..~erod~ ucy•>nd thc ac­

t.llluul.ltiUII uf tf.11.1 .iiJULil thc Cll\'!1 OIIIIICIIt. 

h1>t, eH:Il rhc tlu!dld,c t:'-e•u~e of twio~IIY 

imuhcs rhc eJ..plui.IIIOII of Lllt~c .. utd ellcu. 

'j he "cxpclilliC1llt'J'" wif( Clllpfoy SOllll' Of thc 

~uuplcr ploy~ of thc Ktt:nul•t mcrlwd to d•s­

tmer wlr.tt \•orkcd whe11 ,111d when: .-\11d sec­

uud, tf~~rc Í~ fll't¡llt'IIIIV .tJÍ clfon t-0 ,.~t'llélti/!Zt'~ 
rhcre ~cm~ ro he ,, rer1tl~ncy to ~ce~ out ,tll,ilQ-

1! le~ olllt f_ ~JI JI tf .11_ SÍ 111.111011~- Í_ll_l~h it h_ ~-llflf:r __ f J_ll~f­

lll~\ .u u! ti• Jlll'lll.ll v ' LhcoJ 1n · e .111 IH: LC~tt:d. 

'f !Ju~ \\'~ h,J\'C lll :, fJIIIIIIII\'C• fo1111 ;f¡¡: four 

1°' ~ll fl~ i11 SOIIIC 1f."\IC cfL>trt fJliUII~ uf ~( lt'IJ­

Ia. _ o11c1 110o!· _FJr,r, 1111luuion_; tht• t.ollt;tiiOio uf 

lllfollii,IIIOJI ,11111 ll\ uq,;.lllll,lllllll 11110 p.1lltlll'o: 

"''lll'd, guur.t!II.IIIOII "re~t.IICIIItiiL of the 

1 •u,•: .JJII 1 Lfrl'<' ll'f.otl:lll~ 'IJtlljlllf tfll: J':IIIUII~,· 
or ,, ndtfulltiOII cof Lht: ¡>.lllt:llt> thero~>chT' 111 

.t 1110rl' ,tll\li.Jtl futlll \\hidt llll luclt' tiH oiJ­

sc·n.JIÍolh ·" .1 ~1''' 1.!1 '.1s':: Tlu~tl, tkdwtwn.: 

rl.c 'l'.1rd1 for r1t w 'l>l:t t.d ca,c~ 1"' \'iol~>ly 1111-

'Ludt•'ll, ,(> ,uggL~Il'tf IJ} lflC-11101 1 gt:IILJ.of ,!,Jii­
lllt.lll, or tht.ot\' A11d fiu.dly. ,,,,1111!.; .1 cllllk. 

' . '- ., . 
tu ~l'e whcthl·r rhe 11ew c."L~ ¡aufo1111 ·" ¡at~-

dl~l< d-:-i[ 1101, !_11l' thCO'-Y._I_JJmt_IJt· ll\'"1 do ·¡¡,1~ 

st.ht:lll.t, wlnle '"cful fur an.d)IÍ•-¡""I'o" '· dur:~ 

noL torrc~porrd 111 ll' rrgHI dn "'o" of "'-P' 
Wll!J !he \\,1)' in wfudt ~llt:llllflt lll\C~IIt;.JolllliS 

.Hiuo~llv p101 t'etl \Ve w11l ll>t' 1hnc c.tlt:gUJ"' ,,, 

·' L .. ,., fut t 1J>lU>"Oll, spculit.tl!y m.tllll.<llllll\!, 

hol\t'ICr, rh.J~th<;_~l.·~~ili.r:.••ioll is ar~ihcial ami 

,r p~t·o,~ed '''" f.II._.IC:"•-~Ilr.l•~~·;;;r,-;1; · 
·¡he IC~IIIIf.!; of tht·utJe~ .d>Oul 1he worltl o( 

pheJJOII;-;1.1-t.li~e'-~!H::Í i.d (aro hit 111~ iu thc 'm í:il 
SIÍl'IIU'S 1d11th ''1011 1d IJt' gerH'I.IIlv lllltkr,tood 

brfoll' \\C 1.1ke up otht·t •"(ll'll~ of rhe >tÍCIIIilll 

111ellwd In !111~ "'''ll"lllll 1 11~c thc tcn11 "tc~L­

iJJg" 111 ptdcrcnte Lo the mure"''"'' "letiltca-

twn" bcc.lllse ,..!.!:!_P' -'-'~~~l'l.c:_.no .. -' "'.:9-~.Y ~'-'_1_''': 
e~t.1blish<·d, huL o11ly dt~c ~tiillli~hed .. \ tiH"ory 

.,do<' 1101 ¡,:,ve \'CIIty. IJ111 \t'ri,llllthll;dc . .-,,;ere - . ... 
:trc of tOIII~C many thtolieo, \\hith .ue uut-

M.tlldiu~ly ~ucccs~ful arHI for whidr tht'1C have 

IJcell an :tlmo.,L u11limittcl llmlll~t·r of sllne~~rul 

te~t~. whdc rhc IIIISIICC'C .... fuf ll'l~ are IIOIIl'XI\1· 

cm or mtur 011ly 1111dcr \\ell-cldnted ~pu i.r, 

corulit•ons. ,\n t,pc(i.dly ~IJ.;IIdtt.tlll t.I\C 111 

whidt .t thcmy may IJt: rtg.udnl ;" lunrlv c.1.1h-.., ..... ' , . 
l~>hcd l>ct.tme '!Q..'-Ountcr-tl'o,rll!JJI<: _t:;~i."l~ i~ rhe 

~Orrt<flOiltlCIICC f>t:l\\(:t'll lfte tOUitllll~ lllii;IIJCr~ 
olt·lnyd.ry C'-pcncntc a11d rltc 111\'t'llled 'el uf 

po>~lll'e illlegcr~ as delincd i11 IIH>tlt'rll .dgdrr.t 

!JI' rhc uo,c of thc l'e.1110 po,otl.l!t'' 01 othcnvi,e. 

'1 he rheotv ~tate~ th.ll tlu.:•e two ~Y~IUII~. o11c 

fwm H·.ol lifc .111d Cllte from mathem.llit,, h:l\e 

tire 'i.unl' form, and no ex e C(l'"'" 11> thi'. 1 hco­

n•tu.d ~l.tteJJieJJt is known 01 "hlcly ro he d!'­

t.orued A ~ctond <"-.llllplc 1' thc Nt·wtonÍ.III 

~l.tleiiH nt ha~cd on the law\ of motion, tht• 1.1\V 

of tllll\ ct '·" t:r avnatio11, ·~'H.I 1 lltlide.m gt·om~·­
Lry l'lus rhcory rel.ttes the n1ethani1~ of tire 

rc.d world LO :1 mathenratic.t! ,~.,tcm nf clillcH'II­

tial equ.1trom (a field of ~lruly v.lridr Ncwto11, 

in f.11r. wa'i fonetlro im·<·IIL). l!p to tlw po111t 

''heH· lrv rclativi~tic cullsJtlt-r.Jftom the Elldit!­

c.ur '-:COIIIt'liY 110 lon,:;t'r .tpplir ~ 111 ~tal ~po~te, 

thcrt are no cxtcptioll' 10 tlri, thcou·ric 'I.IIC­

IIIe!ll, ollld ÍL LOO rnay be 1 cg.ll dl'd ,1\ f11111f y 
e,¡,dofi,lu:d In this l.1t1Cr t ,.,e, it i~ impotl.tlll 

111 IIUIC that lhC tOIJI'('(III'''o of lfll' thl'lll). ft.1~ 

ord\ f,ecn e~r.lfrl,~hccl hy tllllllll·'""~ or coll­

trulfnrg t''-tr.illlous f.u tor' ""lo ,., .1i1 tt•,¡,,,ntcc 

"'"''' .dftn tht thtolll•• .dh dr hn<·d 11111111-
l'cdui lllullon of oiJ,,., \t d IJothn. 

TIIE 'iOCL\L SCIE~CFS 

• 
~'-'-'~- -~~~¡ _i:~l_pr~_blt·•_r_rs~~--~:~-~ ':''-~' ¡,."~':'. 
,llt>l', ·" 1'> \;·Lff kii0\\'11, Olll of !111 of¡IIH uftu' 11! 

fllll '>IIIIIJ.: tf11~ t''-(ICI'IIIIl:;;-1.1-¡- ~.-~-~~;)(¡ ;;~-·1\¡11; 1¡: 
'""'t 1.11 i:d>k:; ,,,,. lu·ld 1 .. í¡·,, i11i (¡;,;·; 1 f, 1u 

Jl(uJlnn .t')'tUIIII~lHJil o! c., ldll•llll¡ "')• \\ hd(· ~t l1111 



.. ~. 

"' .! '""'''' of l'""¡;,t,. 1.rri rhlt·~ is m.1mpul.1tctl.' 
\,·~,;-~~.- .1 1 ;,::Z· "'''"';,~-.. { ~·.-¡¡¡,,¡,¡¡;, ·,~ invol\'t.:d,. 

'"" "'""'"'' '·'" '"""''¡'""Le O\lrtr me if a 
lrr.;r ""'"'" 1 ol rl'\11\1' ol.\1 11'.11101" 1~ ;t\',dla-
1,!, ro rhr· lt'\l',llr l11 1, lrrll thr\ i; llllfOIIUII,rlf'ly 

lrot llrt· t.I\L' ''"'' Jt•;.ud lo thr ~trrtll' of tire 
tlt•lt' 1"1'""'"t. :rile! !!11• Jll,lllfJ>III.rllnll, of la!~!' 

.wlr.111 .rrt·.", 1 '"'' rlrl' c.~>e '"·'tt11.r: " l11111ll'd 
in t'\.lt 111. aru! l"J'' r 11111 111,¡J manipulation h 

hnli1 t'\.lllnwlv ''"''' """ l.r>tly cxpcu>ll'~ with 
1 q.:.ll rl to tlll' :tr";r r •:.•ll: phcnomi:n.t .• ~~x_peri:. 
r•rr·nr.rl '11111 ~r.rr "111 .rl IIIC'tilm!s are only po,sj­
lr!r· ,;,,-h rnpt·rt• lo '111.dir:t cleritCIIl> of __ tl~c 

ror.Íl ~'''' '" In •hc·,t 11·~ 11d,; >t'lt.:ll(L' a> app!itd 
'" ror.d tl,:,,.Jo¡•uH 111 of the 'furlcl!on of the 

nrh 111 ,,.,ltlllli' in rn<"l rt·~pt:ct> an.do¡;ou> with · 

JI> 11\1' i11 ·"lrnllrol!ll 1drith h.1> a' few case> of 

rn.1 il•1 inlt'1t'\l\. '"' '1;., 1 mattt:r which i!. iu.lc('cs-' 

~tl,ft- t•J ''"'!'' 1 i1rr• 111.rl m.rnipulation,· ;,nrl tlte 

'·'!'·""' 1•11 >rl''d\111!! '111 tlr.: phy>rcs !abmatory 
, lnnt ;1,, ,,.h i1 h 'tf,, rult :iggregatc by -,implc 

.,~'~'·~i(,u i11ro 11u.• ''''(•!!". 
i: m:r\' lu!\\'t'\l'l lw .llgtirtl that thr clis.Hl\'all­

:.•::c·, o! rhe \ot i.rl' '' it·r1re~ in e>tahlbiri11g ·an 
'_,,..-,¡'"' 111:il tíu:t!wd hall~ IJeen gre.uly c"a~­
g< 1.11: el "1 h·,, .tl~tm1L'IIt i~ ':ullallct'll on· the 

c:•ouruJ, tlr.ll llil' mr"r itJiportant tc>t> of tlwo-
1 ¡,., 111111 1'1" th< 1r ·:·r-luÍir y' ·to- jll<'<1itt' nrw phc: 

>10111<'11.1 o1_ piii'IIOI-111 Jl.t Jlot prt\ iou,iy \111tl1c·~l 
111 dl': "' .tlld roL '"·'l'"l.rl!' 1he ellcct~ nf r.lu>c·~ 
ht~nlld tllt'. !.llr.~<'' i11 \1hitl1 thc Lolll>t,;~ \\Cr~ 

,, ' ':1.rl!1 ol"r'l ~r·1l. Ir is u1rious to note th.tt 

• 111 ,., .tlurlllul, wnh "·" Jllll).:\ a> to thc t!,tngcrs 
.,f t''l.la.rpol.ttil•ll 1f we ,,¡,J¡ ro me, a> we :ne 

r!ll·"'' '"""'lo do. dtt' po\\tT of t·,u.tpolation 
,,f .1 r'"'""' ·" .1 1< ,, of -~,, trt•dihim";·:lhe-ll"tl;i: 

1 1111 "'" '" .11!1 ¡, ,. ¡, .1 ft.rlll.. tortfc,~toll rh.tt rhe 

1c: '""11''""' lu i11¡: 1 """"ol.ucd h.11e 110 tiH'O· 
'' ¡i, .J ''·"¡' lllr.ti<'I<L F1o111 the po111t of vicw 

ol '"'"'~'. r!ttoiÍt;'>, rhc ><Hr.rl >tÍt:ll!"t> ,Jwuld 

111 '"""'' r trlu r th.111 >111111 oppollullitit> for 

'''" '!"''.ttll>ll, >inte tl1is wlll p101u!c his m:1in 

r, "" '"' , f"'r 1!1 ing .t t!icory or fur de>igning 
llllf""llllltlll> in 11. 

I"'IHI('Tfll'\' .\1'\;ll B1 JlliCTIO~ 

.\ny .Htt'Jll:tllle of thi~ rriterion for te~tiJig thr'-

01\' 11'11"' ro illdll:JI<' rhc ultimare f11tality of a 
tlltll¡>!1·1c tl'lia11r e on inriliLtion for gcncratmg 

tht Olll'>. 1· 1ur "' r'•(' pl!~'>lt:.tl scicmcs, a fairly 

thorongh knowled~e oC a particular range of 
jcu11t variation of phcnomcna doc> uot guaran­
tr:c .my :ult·<¡uar~ J..nowled~.;e uf t.1mc antl effcct 

or t'\'ell any wmpletc dr:\cription of rclation­

,J.ips out>rdc the 1.1J1~t' of ob~crv:uion, ltnd this 

b t•ven 11101 e 1111e of the ~O( i.tl sciences. J\1 ost 

of m .trc rhoroughly famili.1r with the situation 

"hH h ari'e~ whcn we gct a good fit of a poly­
uomial tu a SC't of ohse:ved d:1ta, only to find 
th.1t it ·bchaves extremely erratic:,IJy outside the 
rangt· of ol¡~ervatron. Poincaré ha\ pointecl out 

that ~~e- h:~cl_ a _<;·~r~I?.!t;tt:_ knowlcdge of_ a po~­
tion1 hmiTvcr small, of a COIIIÍIITlOII> function, 

w~ would ha\'e a J..;1owle<fge of rhr: l.chavi~r of, 

tlH: fallllllon o~t•r 11> emire rangt·. \Ve (Ou!d ¡n.' 
'tempt ton .uh ¡hi~ h:rppy st.ll~-·hy de~(·lopin~ 
thc ft!llt t1o11 a~ ;m infinite senes and·-,;·ttinwall 

ii-, éot flltir·nts -~-rati>ritally_." l'nfo~wnatt:ly, this · 

·ptntedurc rctruin·s an infinity of oiJ;crvations 

(.111rl a l.11~er inh11ity than 11). En·n more 1111· 

port:rnt, _9111_ oh~t'rya~ions_ mu,t he_ free of c1rnrs 
or mco~,ulcmcnt 1 and our function rnust in-· 
1 lude ;di icle\',lnt \'ariahfeG, -eath of ,~lndt n1mt 
he lllC:O\IITCIJ. )t ÍS CJUlli! ;)e,u· -thát CVCil tl1t' 

, Jlrll(C~~ of ir;ducuon from oh;cn erl phenom: · 
'f'na mmt- be guitl~·cf' by_- tÍlt,!Orctu_al _Wntepr~ 
ba\ccl on prcvious experienre. whirh will >11~­

ge>t thc r;111ge~ ami objccrs of ol¡:.crv~tión .u1d 

thc _ ch.lr.l(tcr o-f the funuions to he lutcd.• A. 
Simple engineering exirmplc might·be fountl in 

the d1ffercnce bctn·een the p:trabolic curve and 

the catc11ary. The>e curves ari>e untler tliffrrcnt 

circum~tances in the construction of suspens1on 

J,ridges ami lie extremely clo>e togcther over a 
ce1 t,ain rangt' of the variables. To tJr>tingui\h 

betwecn thcm by induction woulcl lie a hope­

le>\ task. e~pedally ~ince the formula for a c.tlt'· 

11:11 y wo~tld not intuitively occur to a stat1sti· 
rían,, yet in extreme cases the dhtiuction is 

important for t'ngineering design. The dlffer­

eJH ('S :11c well defined a priori on thc h:r~rs of 

a theory whi(h m:ry have heen su¡:;gcstcd by oh­

ser\'ation, but which does not spring automati­

cally from it. The difficulties of Jnduction :ue 

condtiSively delineated, in fact, by the difficul 

ties whi~h arise in social sciencc re>e;-rciÍ~in 
s-;,ll'~tlng functions for curve fi11ing_ a JI(\ intt•r 
prctin!; thc results-. Linear "modelo are mmr 

hcquently u~ed b~caÜse of thcir simplititY., 
pr1!taps with the· justific:uion that the linear 
approximation to some unknown fullltion · i! 

not 'turreasonable 9vet the range of the ol,.,et 
vations. The function bemg unl.:.nowu mt:aJl' 



•'o.or riolory j, 0111 rru: v.ino'ow l't>:haps ;¡ poly­

!IOIItr.d ¡, tl'.uf :os somo: ~ort ::){ ~n approxima­
¡;,,fl ro .t T.n·lor e:~.p.tm1on of a hmuion. In 
t~l·> C:l'<', r!Jt• <.ttt>nary 1' ¡leJmcd a~ a par.tiJol.t. 
\\' 1wtc rltc cl10IC<: of f11n~!Jun j; d.::lulcd f10m 

a ''' IUri con~ider.uiotto; ,1nc! not rr.ep~ly ro ~;tt: 
Í>fl' ~uodtiC>~ of fit, \V'e :~re otidden]v Íl; th~ 
re,,)¡¡¡ of L1ctdu-ni;n ;¡;tl;~-¿-_t~!~~-t~-duc~i¡,n~- • 

llulw rii'C thinking is oC vt:ry __ high v:tlue )n. 
Sdt IICC- f'l..l!tlii!Cd tJo,efy,- thc óllltlnOlliY UC· 

11'" n ·inducrion aiiC! dt:ducrion i> >omewhat 
.tlt1 111 i.d; on the ont: !taud, as wc h.tve ju~t 

>lll!J.;'''tcd, 111dnction is aimost n~· .. er JJJiti.Jtcd 

.''u!Jout ><HilC ki11d of prior tht•oJ_v, l1ov•<'\Cr 

11.t11 ::, ~vhith ~~•g"t'SI~- .m·.~,' of ion·e~tig.nion, 
.n !t:'l.lll! v IIÍ.Ibk>.:' ,111(1 ti.•: fo,-."11 1d11th' fun~­
''""'. In 1.1'-~-whdc 011 thl.' oíhcr hand, if 
111 ,!ll,ltiOII 1~' UIISllCCCS:.ful :.I!Hj' doco !lO[ re~uJt 
111 '. tuniJ!!!I;ng IIISI:uJCé of t!.:: :huny on wllidt 
1t h IJ o•cd, 1he11 rhc CO!lll..t•iittc,t y C\'lt!er.ce way 
be lht• b.~>is for a Jlt\\' ruulld oi imlllCIÍOn. But 
tht• i111pon.1me __ ,Jf cftodupion .JS a p.1rt d rhe 
~~ Ít•JI!Íf•l lll·~t!Jod f~l!l.IIJI> ll1 !>f,JIC of thC !lartiaJ 
.tllll•o J.Jitly uf "' <:•:p.11.11Íoll lto<n induc.tiou. ·\t 
l!w >1,11 1 uf rhe ¡JJute,, ot deduct1on, the in­

\e,tlg,¡tur i> f,_,;,Td to m,.J..e a S!.llernt:rll or l! 
L'< ne1 d n.lltll e ;d•out rlw 1 e.d wo1 Id, in o1her 
1\0id,, '•e 11rmt formu!.ue a tiH·or). T he mori\'C 
,for t111, 'urmu!.l!lou frcquent!y romes from 

pwcholoJ!;ÍCal force~ ver y tlo,t:ly 11 l.ued ro iq. 
du• !J"'' .111d to the se.trch for gcn,·raluy, To 
fo'!'"' the proce>>e~ of .f,·¡J¡¡¡ tiou 'uggc,ted by 
rht rhe01y, the 111\t,!Jg.llor muse >e.ucll out 
!1~11· ;¡r¡•,ts or 11ew mo<!t> of .JfJEllcar:or; of--1he 

~~l<'ol\' Jt i•, ll\l fuJ !O hu!l 111 d<"fiiJIII~; Wfl: 

¡""''" c.1u~e and dlcct ttr funcr1on.d Jd.I!!Oil· 

,l!i¡.• .f \',JII • .J¡J,, lt> iw llllnllg.tled Iri 

ru""".' .111g, lhtrdLIIe. the fl.JIIIlt.' .llll! J!OI\I:r 

of 1
1

11· d<·<iui!ÍI't' JllOt'-'•'· \I'C :ore !t-.1 n.uurally 
to 111e jiJJ.J 1 .IIH,· Jl<'lh.q;, rhe cs>l'llll.d p.1tt o[_ 

)Uf dJ,tli"JOII uf rii<:OI\' (IHISII!I~JIIIIJ, 111.11 of 

·~tii<:I.JI 11.11 ron, .or !he ;¡(( ll.d f Ollllld .r! 1011 of (he 
·!,,-,,¡\' \\',, rnn>r cmrslt!t r tlo" 111 rhc l1gln of .oll 
.,f 111e fllO«~'!>t'\ .IIH! ¡Hr,ldt:lll> w)IJ( h 11.11t: Geen 

_·.!i>L u,c:J up tO tl11s powt. 

CE'I¡[RALIZATIO!'J 

Cenr-r.dit.IIIOII i~ rhe brich!e hv ~dlid1 thc ,e;. 
:nu,r or rheorl'tJ<Í.pJ lfm>n v\'Cl liOJII illduc.­

!wu. o• ti¡,. u!J" 1\.tiJOII of rl'.tll!~·. 10 dcdtll· 

IUII, Uf tlJC '<..>1!11\! uf t!~· Ul 't'~ .tlltf tllt'lf 

al'plita:Joll ro 111·\1 pheuo¡nr·11.1 For i!d· 11'.1\0II. 

i r.ttll~;l )¡1.,{· tilt'·ll~lllll "ll.!lr•ti;ICIIOII," Whu!t r> 

SOillt!JIIIC> .tpplll d 10 Jt .. :\o IJI,rllt 1 "hol\' oflt'lt 

th 1, fH idge " n ""'·d 111 1 loe llllll >C pi .1 "" 1!­

llfiC lll\'l'~tig:olloll, 1he atl of 11.111\dP< li'lll .rl 

ways ~ol\'c> _ somc 111\'Cill"'li c,n thL 1'·" r ol 

the inv,•;ug.l!<;l. 1 he P"'""'lc-,¡.o} of ÍIIIL'Illl<>ll ...... '...._ ~~-- ---·"'t-- . -· . 
in this ficlu is intncare :u11l f.o\tlll.l!lllg. ln1t .1 

di>cus;iou of it 1:> out of pl.11 r• hcrc. 'lliL ><llll< '-'' 

of tlns invc1Hion may, h,H\l'l~'l, he l;el!c'l 1111· 

dcr~tootl through a LOII>iduariou ol it' i.nhc_l''lll 
Jlature, 

'j he COII>!fll(!ion or Íll\l'lliÍOII nf " ¡Jwory 

invoJVC> 111 C~\t.llll' a JIICI 1!-.C \LIIt'IIJIIII lt'",lld 

Íll¡;'' foruul rel,liJOII>IliJ"· li"J.d!v 1111 lwll'l·,~· lt'·· . ,, 
l.l!iorhlllp> t)f ¡,,me .1lll( cllur. '!_.'!.''lt _1•_·1!1 111, 

linil) uf pm\ilde fot111.d M.Jlt:llll'll!> ••Í "l.otl .. lr­

~hiJ'' -,,:huh m.n• l•c lll.ldc in rller, n1n•1 :d"II.Il; 

fu1 a1 111 thc J.¡ngu;lge of 111.11h< :n.o lit' <ol lu:.;" _ 

~li<ÍI >I.II!:IIICIII' lt'gatdiug r!'i.JJiOJ,,!JI)'\ ,lll' 

!Jlllt:ly fo1111JI ,IJI.! h.t\'e 110 lt'ft•lt'llt<' ltl lhr: lt',¡J 

\l'ucld. \\'nlu'u 1hc ;cieutes cle.dlil¡¡_\\llll 11111-

u·pt,, t 1 ~<·y 111.1)' ;,;· Í.J:l he dn•:'o¡ll'd -,-,,lile 

-uu!t·p'cud• utll' of tl1t: ~~.d woJid 1 J,e pwl,l,•ll 

o{ liJt'OI)' ü'll'>l!Uti!OII Or 111\CIIIIOII 1', dh .1. 1<• 

JIJ,Ikt: [lll' (tlfiCl 1 ldt'llllftC.liiOII ht'l\\1'('11 ,J J ... ) 
ph< II<JIIIllltlll ,rud ,¡ lll.llhl'lll.ll 1( .o! 11, logJt .d 
;[,Jit'lll<'lll JCg.lld111g JI'LI!ÍOII~hi¡•>: l IJ¡ Jt: .lit: 

tl!ree J't"'JIJlt w.1p 111 ''hall rlll'> IIJ.I)' ht doJu-, 

l~~Q_!JI 1dli<J~-;~~t:_r_n_~rt:lr_y!::;gt·~li~e .1111! .:.HI.t: ol 
11halt tcnd> to ~atJ>fy llgOIOll> ~ttllltrllt te-

~- . -. -· --·.-. -~ ~ . 
~llii~IIIO,:IIL). 

f '"!, .111 annlogy may IJe reco·~llll<'d .1t rile 
- .. tt~="' • 

lc1<! uf plitllo!IH'II•I. Thus, fo1 t'\,oln¡d•· • .1 < 11y 
•. "'' . 
lll.t\' be f<JIIIJJ.IIt:d Wllh :111 n¡g,liii•JII-·'·'" .1 

jl'll)fl'>ll T!ti> .• n1.tlogy is '>IÍCIII:lu.dly u>e!n~ 

UIJft,> l\\0 COI!dÍ!IOII~ ;nc llll'! 1·11,1. tltr· Cfllll· 

J',IJ.Ifll't:-"Z."i;¡ell:-(llll' jl'f!)fl'>h) ~lllhl Jo.JI; .. 1 )1111;1 

wlritlr h.o<; !,~en dc.1rly .rnd lo¡:Jt.ol'y d, !JI,, o1 
,rlld, )UIIIIIf, tftC oiJjt•t t ({IIIIJ<.tllt! ltflt 1 '1\) 

11111\l lJt; llll<'lJIIÍitH:III)' '>.lid lo 1" lht'"lt'llt.r!Jy_ 

ult·111io d. In rlli~ t.l\t', wc 11.111 ltlt nidu d .1 tol· 

''-''l'llllole!Ht: of tht· rl111d 11'1''' l~t·low, ln11 ,,¡J,_ 
1'111 '"' 1\t' h.IIC lllt'ldY lll.lllt• .o ' ' rlt lllt'lll 11fl1<ft 

i~ 11\du) fu1 ht:IJII'>IIf I'"IJ•O><'>. 
~('IUIJd, ,rl! ,lfi~~~~~I•V III,IV ftt J(:lll"lll/t tf ,J> !Jc-

i>• ' ,....., • .. 

1\\1 r'll a plu·IJOIII('IIOI! ollllf ,J lll.ilfrt'ltl.IIJ<.of u.r 

lu·~i1.d «JII,IIlltt •• IJII! 111.1~· rnt!tcd lw tt•rv 

Joo" Jy d•·fiiH d ¡-J¡II,, for 1'\,llll)'lt', rlJc ~t.l\ 11, 
f<HJIIUI.I !('tllgiiÍ/P~ .111 ,Jii,dV.\)' 111'1\ltl'll r:rt .lr·­

loiV ol 11ip !rc·qnenrv wirli dl,t.rllfl' .111•i :lu• 

powcr 11111111011 X •. Tloi\ ,111 dn;.\V "< ''1• 1111 1\' 

U tHit:, ~t'llill~ ..tS Íf d(Jt.~ U!l d1t IJIO"'t 1_~/¡\ llllll 

'1• 



,1111! 1 1•if\' lll.IIIÍ(>IIillc el of .1 host of JlHlllOton­
lt dh ,1t," ·"'''ll~ ,,.~r, r~t·~·'''\'C lirn• t1un,, ~o 

".11· '11<'111 "' 1!10 ~1,1\JI\' llJodd, tu 111y l..nowl­
••' '· ,1,11" .1111 • """ lll.lliUihliÍJJ' 1d11ch 
'"'"'" t:<'lll 1.111 111" 1'·" lllllf.l! flllltl¡h~ll !11 ¡>~<"~· 
1 11'1111' lo olfll'l\ 1 Jf1111k 111.11 Wt>,tll:lV de'IJ.;Il.tiC 
.111 ,1n.dog~ fJÍ'IWtt'll pht•nom~[la .111d a logit.d 
f111u rion ·" :1 /iouwiiiVI/Jhis¡n, 'meaning .1 ~IIIIÍ· . ---------~· ' -~ .,-1.1111\ 11f lo1111 

1 ~~-,;;¡:- ~~~~ ·¡m¡>mt.n¡t .'JliJ~Iit;•.ti":e_ __ ch,ll•ge. -is 
intlt11 111<•'d 11 .1 "11 1.111" ulc1111hcs a p:pi'i¡ ular 

"'"'"''"" 111111 ·" h;" 111g a de.uly dt•fi11á! Jog¡cal, 
'""" 1 ¡,. ,ll',IIJIII"" of fonu ;n:1y .!1.1\C :d~t.~o 1 y 
'"'' 11 """'e t·plu 1 111 illl' dc1el~p)~1ent of log-" 
·"''1 111.11111 !""'", ·""' llllll'l.ll~d' to ¡,henomtll.t, 
"' 111 '"""'1111111 \1ilh th<' de·,·dopmentol ¡he­
"" ,1, ,;1111,>-: ,,~¡1, >Oilll' od1'~,r ,llld pethap~ tOoll· 

p!t'l•··l~ 11111 ,.f.oll d l'''''lloJ;!cna. The use of for­

lll.c1. '1 111'111< '''' 1·' "·''"l"R to other phcrwmeua 
"Í111 1c«l oh<ll "'~!.!<,lt~i by analog-ll'' !}('twn~n 
1'11 ;,!u'II•Jilll'lll, ,.ll""t:!l't~~- On O(C~\Ion, tlle 

"'"'' .,r p!u '"""' 111 them,e!ves :11HI rhe for­
'""'·'tlon ol ,,!; .. ~, ·"""" c.ru~e ami elfect necC\· 
,¡'-"" 1!1<' >'~~l'lllutll of a new rclarion.d c~ku· 
!m 1 h" h.1~ (,,., 11 lht· C.J\C in ~-.;t:\\'IOIIÍari 
11u·, 1!.1111;, .111.! <(!LIIIIlllll mech.mits. In any 
, 1, 111 !lw ''"t'lll e of ,, thcorctical 'tatcuwnt is 

to "'' 1111f\ .111 i""""'l'"'·"". (1dentll)' of fo111}) 
fu 1 ,~, ,.,, ·' 't 1 ol ¡•'ll'rcomcna ,11ul a logic.d o~ 

'"·''!~<ni,JIIc.tl J«i!llolll,¡] 'Y~It'lll; Tl111\, rhe 
..;, IIJII 1c 1c 1 ruo.lt-1 l,ll 1np dl~llihlltiOII, 111 con­

,;:ÍclhiiiH tio11 to du· ¡.:r.I\'IIY modd, m.1kcs a 
~·:~•,:;,., .. , ''-"•·nu·nt tli.Jt th,• clec.oy of uip fle­

'!"Í '" ,. h '"ll""' f'l"t 10 thc neg-atÍ\1' expoucn· 
t¡.cl fnnction and coll>l''fliClltly :d>o to the 

;·,,¡1'"·" '"'' dt·c 11 of '"'"'"·'"le ekment,, a11d 
~~~~"""!' r idt'llllill·, iln· JliC!Í,c• can>C' ·""' eiTcct 
fc"i.cll"l<>hip) (111 11hic h the i~onlorphlllll is 
1 .;

1

Í ,, 1! 

r 1: ''1""''' nf 10111\1' !)(' c!c.tr lhdt tlic bonler­
Jillc' 111'1\\1 1 11 holllOJIIIll pfll\111~ aiiCI Í>OIIlOf· 

j/'"'"" " ld_u.llcd, p111lv het.lll't' 1t rtf~~~ to 
[/" lllllii\,IIIOII'> .111d I"Ycho!o~v of 1111' ~«ICII· 

1:'''' \ tl11o1y wliich "111 fa<l g-encratcd asan 
¡111 tfu~'\' 11111\l fJe Jll ('\l'lltl'lf ol\ olll Í~OIIllll('flÍ~Jn, 

:\11d .1 lo,JCI!y COII<l'l\l'd IIOIIIOIJlfll'lll lll.ty turn 

,;"' 10 '"' on!y an a11alogv. -¡he •'(lJliOJinate 
'''''"" 111111 c.111 he m.Jdt• only u pon c!o~c e\.· 
,!IIIIII.IIÍoll¡ of tfl«' thl'OI\ ,tllcJ of 11> IC~llf[S, 

,;, __ f'!~lll,llf.I!ÍIIg ,¡ thtiiii'_IO 'I'T\'e ,¡o,_a l¡¡jt)¡.:e 

f., <1\c'< 11 ÍllcltH 11011 ,JIIcl ,l¡·cJ¡¡(IJOII, tht• ~ll,cl\')t 

i1,, ... ·' nupdw1 of c,uu 1v-, .1.-, tu de.·.,n.IIJ!e fc.tllllt'S 

of his fo1 mular ion. Sorne of :he most sign:h­
<-lllt e lil<"ria 1cnd to umf!ict wit.h one anothc:r 
.uul o1 (¡(1 s ro rciuforct• c:,1ch othcr, dt¡wndiu~ 
on <ll<lllll>l.lllll'>. All .1ri't' out of the gencr.d 
dJ:nact<:ll,llt~ of thc ~roenuhc protes~ ~s W!' 

l,r.t~e outl111l'<l it. 
'1 hc• oul\t,llldlng clittrion, of course, is that 

che theory ~lwuld be "torrt·t t," that lo, that tht 
th('(llY rf te~taiJJc ~houJd paSS ÍIS !CStS >UCCt!S!>·· 

fullv. Thi~ '" the basi> for thc essenually prac.ti· 
c.tl 1L1111rc of suente, 1h:11 i •. th~t it says "true" 
thing, .dJOur the real wor !d. We ha\'e >t!CII 

.dlo\1' tl1.1t such truth is unpnmauent, alwavs 
,1\I':JIIÍIIg' COI;~·J-:Í;li!!ÍOIIS. 'Jf the~e aJ·Í~e. it fr~­
lJlll'llli)' i~ n·t.lincd cir~um,crrlung the ¡!;Cner.li­
it} of 11Jc thc~ory, lunuing rht cÍJUlfll>loiii!Co in 
whidt 11 ~pf'lics, ~nd creatrng ncw and more 
~ellt'J.rl chconcs 10 apply to other tonJI•in;ltlum 
of diC umstames. Thrs n ucrion oí correctne~\ 
¡, 111 ¡_:ellcr:~l overriding However, pracllc~J 

wm1dC1ations frequemly lc¡¡d to the gencJ.tll~ 
irulcf<"miblc practicc or app!ying theorics whrch 
h.11 e IH'cn inadcquately te~tet! or which h.1ve 
kll«l\\'11 t·rrors, 

Thus a thcory, if umestable, btcomes a non­
theory; Jrl..e r<lilton, science has "no ,¡se for a 
ln~IIÍ1e :,md doistered vinue .... " There are 
of wm;e cxamples of vcry important sdenofic 
tht:oncs, such a; Eimtein's thcory of re!auvity, 
which wheu publi~hed appcarcrl very rlt!Ticult if 
not impmsible to test. These d¡fficulties in rela­
uon ro a rcputable aud exciting proposal oftcn 
sen·c a~ a spur to experimental work. Jn tht 
ficld of social scienccs, however, this partiwlar 
typc of non-theory has two other manifc~ta­

twm. One of thcse is a !~?~~·~~ive .adr;nonirory, 
t!c~o ipt1on of lrow thm~~- ~hould_ be_don.e; the 
01 her b a .lrtc;ary or pscuclo-stati~tical, dt~crip­
tion of the- re~] ·worlc). Thc fact that the>e 
tl1111gs ~re mercly ma~qucrading as theory can 
ea1ily be cxposed ny >earching for critica! tests 
wll!lll coult! dcny rhe1r valrdrty. 1f such teMs do 
rwt cxi~t. the >o-called thcory is in fact a nou­
thcory. Octasionally tesrs acceptai;Je to the 
authots of the tlocory w!ll be s9 circums1 rrbcd 
with re~1 ricti\'e wnditions aud assumptiou~ a~ 

to exp';>se the fact that the theory is of ex· 
trcmcly limite<.! application and' has <.lubtous 
sto~fllre. 

The testahilicy of a theory is a sp~cial case 
of a morl! gcireral property of mefui tllt•onn-­
productJvelle>s or fruitfulne>s. ~Jmport.llll 1lu:· 

' 



• ,, " . 11 1 ht• dn elopwem of scir;Jce not only 

.111'•"' r rile J>:ullltlll> po~e<.i rn the mural sra~cs 

of llllft..C!Iull, IJLII are JJ!Li_¡IU!lt Wl!h LOI!\C· 

<JII<'II,e\ whu h .tre 011ly diudy ~ccn by the1r m­

I 1111ors .rml wiuch Lry the b.tsis for .t wit.lc 

\JIH:ty . .11al .1 grcat number of deductive ex­

J•enntLlltS. <'\xiornatJC systems in gcometry, al­
geln.t, ;rrHI lo¡;ic '?xhlblt tlm property, for ex­

.u,ple 'lile tremeudous :JLcornpl,shments of 

III<H!t • 11 m.ttht·ur.tllo follow (a!tltougl' not d­
fc,l't 1c"!y¡ f1o111 a I'Cry IImitcrJ set of carefully 

tol"!<ft:ll'd lflllt.d ;¡,\umptwns. Slmil.tr ex:un­

p1n l'l.i,t 1JUI,1de of concqnu;tl· ~p1cms. Tire 
lJ"·'Itlt:ul dl'-oty, whith W<(> l!tv¡:nted to cxpl;o~n 

,IIIUIJI,IIil'\ 111 fl].¡¡ J.. IJody !atl!.l!IOCI, !J,t~ fouud 

Ílll 1 t!Jlc o'Jlplic aliOli~ lO pheuomcua ól> ,¡¡_ 
'"": ,,, pholoc.:!cunuty .,nd s0 1.1r >pt:ctr•,. 

'·'P'•y. ;wd b 111 fact a kcy ckment iu ... ! 
lll~>t!t·lll p'•Y>~L>. The social se icuu:s and tlu.: 

p!llllllll~ t:ll~iiiCl'fill~ (JIOfL>>ÍOIIS ,tCC Wll!C\\'h.tt 

!.11 ~ÍII~ 111 'IIth ~~y _thCOIIC~1 but ~OillC •,•,!lJi­

ll.dlllll> tould l1e m;u!e. 'f he>e migltt iru ,, d::, 

fur e,.llll!t1t', lll,lf\!IIJ,ti ~U[)~IIIütlOII ,tlld g('ll: 
< 1 t! l'<fll1 1•111 llllll {Id((< Jlb f10111 I.:(Oil~JIIIC~, ,111d 

.t!JI,Itt..¡(Jofl\ of ~r·ncJ.I! ~v.ltt'JJlS d'cory q 

Clllll, 1\f.tf,· ll l> 'OiltewiJ,It dif!Judt !1 "1 e 

t:lt' IJIOLt'>.' hy wJuc!J .t thCOll>l COIIICS liJJtll: ,1 

fnutfuf tltl'OJY ll'llh lliJily .1ppltt;111011> \\hile: 

,liJe llljJ!IIIg !O >Ohl' ,1 lliOIC !tll!llt:d ,llld IIIPIC 

p.trru ul.rr prob1l'llt, 11 h app.uc.:rl( tlt.lt oolu­

IWII> of lhh typc .tte unusu.dly deotl.tblc .. \t 

""' lt·.t~t. tlteoty but!dcts Sllould h,t\'1.: tlus ob­
J' dll< 111 1 lt'W, e>pec r,tlly .>lttte thh \l,ttc of 

111111d !t.HI> •o Sil '1'1""~ any prolllen1 to it~ 

llllhl eo,.>etllt.J! ck1ttt 111~ .. 111<1 rl11" m.ty ~llltj>llfy 

•'""~ ·"' '1,Ht ro ~Jt'.lttJ gener.drtJt:~. 

-,,,.pllllfY "Íll f.1tt ,!lt ,lllCÍUlt ,lJld hollOI<'d 

Crtlc11u11 fu1 1 hoo.>111~ IJl'lV.'tCII olliCIWI>t: L'JIIÍ-

1"'1'111 1!11 o11t' Ott.llll\ R.uot. 11.1111< d .tftu a 

f.,uttt't'ltfil UllltiiV l·ll~li,h pl1dmopltu, tiii­
IJI<'> I!J,JJ tlJt·nllt'' ,IJ11td1l tOII(,IÍil tlll' lllllllllllllll 

P'"'tlú: llll'lll,c·t ol hypotlll'"''·· .tnd llJ.tiiY of 

llJt llliiiC cltii.J!JII titCCJlll'> c!t:g.ultfy t·,iJtfJJt tillo 

tli.II.JtiCll>lll lkt.tllW of rhc l.trgl' llliiUIJt:l of 

cuud11 toll\, 1 cl.llllJII>, ,liJJ vall.tblc' \\'h lt h o u 11r 

111 "'" l,tf 'Cit:lltC ft'\(',tiLIJ, t!JIS (OIItfJIIOII 1\ dtf­

fiutft 10 Jllt't'l IJtTC .111d ftt:qt;tlltly IIJIIIflll> 

1\'Jih ft'tfllllelltc'lal~ of lt:.tltSHl a11cl lt >t.t!Jdtl\' lt 

~~ tH:Il'Jt he k:.> .1 dt>i 1 ,tiJ!c 1 h.1 ;:~u e~~~~ u , 'uot 

ouly lot rr·.t,oll> af ell·g.tuct·. ecorllllll)'. ,tlld I?.CII· 

t:r,t!Jiy, fJUI .tho for pt.lt rit.d rt'.t\011\ '''"' lt hlll 

bt dtxu~~cd '" tlu: !lt''\l p.tt.tgt.'I,J" llt'rc tl11·te 

t> a 'J>!'(I,d ¡•ttf.tl! 1dt1th ~c.,J.d ~'"'"t , .. _ 

~c.lltllt'l' t.tll cl1¡; lot tilt'lll"'l\1:, In• :ltL ti"' ol 

IJ1Uci1lll <OIIIjllll.llloiii,IJ !t•tftllllf!ll > lt lt,l, li<'UI 

:.ug¡.;ntcd th.t~. h.u! t 'llll)'lt!t'l'> IJt'Cll .11 .1: !.1 ldt: 

m tite tinte o[ Copclllltll>. tht· c,t,c of tOJIIj•ul.t­

tion of C'JliCY< le:. miglu h.11 e n·uHH'''d tll!' '".H.:­
tical difhrultics wlo~tlt lt·d ro tite tUII>IItltllllll 

o! thc tleg.tnt aud cww.r,;ir,d.ltdttu.r!ltiÍl tite 

orv .111d tbc Nt·wtoltl.tll tlt111ry ni tc:lnti.d tl'e· 

ch.tlla\. 1\v 1he ll>C ol ·totupt!ll'l> 111 thc.: dl'­

~uiptile ~plt'llt vf I'IC•inny, 11.11 tg.1t!n1l.•l t.1lol•·~ 

<onld !t.tl'e !"·en ¡nJI\llllllttf 111 :;uy t<'t¡ttutd 

tflogtt'l' of ,([( llf.l()', :lll!i tftt: fll,t(lll .JI li'J!tCIII~ 

fo1 tltc C:opt lll:c.lll .111d \tJIJ·.•·qul'lll JO \'oftiiiOil~ 

would h.l\C IH't'!l rclnoH't! l In 1 tl,,tl wt· f.t!l 

i111u tite \,11111' ll.tp wltcu, .t> wuh !111' lll!Hllftll­

ticlll of K·f.lctoro llllo tllt' ~t.lltl¡ 11111.!< 1, 1\C.: 

ltJil'(,tllify p.tl~h iiJ> ,¡. 11•111< ,¡,IUll tll Íll,llir:­

l(ll·lle theo:y i.'llh comput.uiou.d ;ulltllthlll'•l~>. 

To ltt· H'\t,,ltlr a tltrnt¡•_ mmt. ht~. lll.tiiÍjltll_:rl.!~·. 

'( hl' t'XIH llllll'llt.tl l!IUI·nd 111 !lu, '"' t.d "1< "' 1, 

Í>, ,(\ \\'' li,I\C ~.tal • lr J (O Jl'!)' Ull jl,ljll'l 1 \· 

!'!'1 IIIIC~I~S, ,liJd f• ' ' 't 0111 ptolt "IOil> tlllll· 

lllllltf)' !.dk ,tiH•III 11• ,1\(' of lllOtf<·h 1 O <jliiiiC 

1 LlllllL'J ll,t\ ~~. "¡\ •liL¡' ..... 1 ~ilí.t!rt'! <01'} o! 

lltl' lt',tl 1111111-:, ,t> liJe WOIIlo!ll ,,1111 ,¡/,rlll! ,1 

nwdt 1 !Ju,l¡;llld." ·1 h., poilllt'd dt'lllllltoll clou 

llol J>L llllÍt ll~. J~owt·l't'f, l•J dt'llll~llt>il IH'[I\t't'll 

.t ut.llht·m ttlc.tl 111odcl allll a ~inlld,tl 11111 lltwll'! 

1111 tltt• onc h.tnd, nor lwtl\'t't'll ,, >tlltul.ttt<>ll 

IIHhid aud .1 tlieory 011 tll(' tlllit•t IJ.lllll. \\c· 

>it t!l de-lote bncf altCIIIIOit 10 tltt•,t· ('..¡o dh-

~1111 11011 '· 

Ai w<· ha ve tned to cmph.t,¡,, .. t111n t. titt'IC 

.lit' 111 ptlllttple <~1\llllC'I ~11111" '- ol .lll_ tllld< 1 

,1.1rtd11J1 of Lttl>t: .Clld elle<! 111 rlu· ''ti \\lllld 

.~111! ,,(" t:!_IIJIJ,ti_ll'JHC:\C'lll.t!ll!}.l2...,1JI ltf.llt"ll'illp> 

111 lht· \1'111id of Jll,tthem.lll<\ ,1111! 1~•;;" '11111111 

" 111 tll.tll} 1t 'Jlt't 1> att yllnt 1 '" t ,r.Jidt,ll 1,,. 

llHllf•IJ,,tn> hct\l'c·<·n tlll·,c tft,tttlll t< .J,, 11 
·ht' ~~ ft·J~ (o .1 luu:llr ¡nog1.1111rlllllg nto.!t J 1.d 

\\.llt'fltJII"t~ JtHdiiOI), l\'t" .111' ltftttlll~ ro )11'1,1 

>111ft olll ,(,\{ J 111111 .t!JOU[ ,Jll ''IJIIIIIIjJ!JI"II \~'C 

llllt;ltt !ltt'll 111' <Ortt:LI 111 'Jil'.tk111g o( ,1 tiUJ/f1t' 

llltl/l1 <11 111ode/ of IL'IIIt'hlll/\1' iuiiiii<J/1 1 ll'­

'111111111, hoWtlt'l, ¡aol'lc '1" ,k ol ti" ltll¡',t! 

fJJlJ~J.IIIIIIIIIl~ III(Hit•l, .l!ltl IIIOil' gt 11~ 1 ,1\y o! 

l/lllfllli/11/l<ttl /ll()c/¡f\ 111 tltt: ,tf¡•,(I,((J \\IJ!JIItl( 



rr l1rrolll 1•> ,111> 1' "'" 1rl.11 H',ti wodd phcuom­
' 11.1 1 1\l<lolol >Orlllll'l 111 •1 i111' "Jlt>lrLI!o011 of 1he 
11o1o! '111o.!r 1' " 111<"11''' t. il11•1114h l.llllellloJI>Iy 

11111 "'"·"''''• hl'(,llhL' tire 111.1rltt'JII,IIictl l111t:o.1r 
l'"'g1 11111111111: 111orlel i. 1101 o.1 mudtl or il ~mallcr 
'"!'~ oj .111~111111~ 

1 "" <l1•1r111 """ hell\'l'en a theory and a 
~illlll!."i"" 1"""' 1 """"1'\dt.tt lllorc ~nil!lc :•nu 
1h!lu 1r!t. .\ 111<"••1 \' 111 f.1tt t<Hrld aho f,e ooJ1d to 

lw .t logu .ti ot 111.111tt nr,ttil al nJOdcl o! the 
pltt'l11111tt'tt.l lo 1\lt:,!t 11 rdu,, h r, ~lllalkr; it 

":' "'1'": .tr1rl 11 1' nf 1he Jt:.t! rh1111-:. \u r'ri~ 
11f.-111tf11,11111°1 of ,t l!ir01\' 1111!J a 11lUII, 1 '•'11111'· 
¡;,.". ¡.~1¡: ~ .lt.;:1111'1 lit. g1.1111. On tile IJ.Oii, ,.r 
\11\ Mltll.ll\ (•<ll\lrf11oi(IOII, )1,1\T rCdc:f111Ll 1 

"'""'l. ,., • fl, ~ ·" ,. tht'rl 11: 1he ~imul.rt 1011 of 
><ttl.d .IIH~ l'<rlltollll< ell'llt~ rn a way ll'hich 
rr 111!, to !""'"' ,. 111111 1gt·d re:iuion~. but whit h 
1 lultt•c ''"!"'·""" ~~·1:om ex.tnlllliltion and 
1111 i1 i\111. 11. "''"'' 1 i.1 1111 expnllll<'lltal tft'H~Il 
ha,··tl "'' ;¡-¡,;;.z; ¡:, ·¡ L í- 1~~ í.;xan~iue tlu:: liiipliZ::­
:~¡;,-~!ifi1,--¡_i~j1111tiun ~OIIleWhat lllQfe C,tiC~ 
: t.lf \. 

\, i. wcl! !..11owrr to workers in our ficlds, 
1111 "' .11c 11t.11ty tftt·orH·s wlud1 are IC\t.tble in 
1'rr.: "11"' rlt.1t .1 <lllll.tl e:~.perrrnera toJII be 
,1, ,i\!tll'r!. h11t 1dr1rlt tem.tin lllltt',table in the 

,. lht' tl1.11 tlrl' !!.tla_rt:'l'"remclll~ atc_IOJ _¡~r.t~: 

1_·1 .ti 1""1'""' t "' "'~.':· tlr.n llrt:y imul\'c pn·s-
1 111lv """''" "·"'''' 1.111.riJ!l',, or pc:rh.tps mo~t 
"""lll;,tllt, tlo.ot rlw~· !.rlllll·,; be <.t>t in a form 
."'"~ir ,,·tll f11 1111n .t tOlliJ>tt!Cr .111d !._1111_ eu?; 
11<11111< .ti 'v "J rll \l: 111 ,1( 1 i1 .lf COII>rdt'l ,t! iOJI> 1!0 
i~11!1' ;(i~IOI tr!t ,¡ >Jllll !O .tJ! ~lllli~ of l'\.jJl'l i­
l_'ll'lll.tl 111"< 1•ui1,v, ""e! 1frty .,!rould l>y n.";7,~C~rt; 
,1"'""'1"' t1ot' !'"H''" ol !IH·ory ronstlt1ltioll. 

111 ''~~" l"o''" of rhe devdo¡Hnellt of a 
!lu ni\ r frt'l 1' ·"'' t11.1rty ,1 pplit.ttiOil~ of .f.'i Pt:~i.;. 
n•< •t<.d rl1 "g!t 111 '·'"'Ir. howe\'tr, tire thtorist 
'""'1 """'·' rnod< J, l11>t, in txplol:tiOIY nr 
""'"1111•' Íllll''lig.llioll,, !te is q;'iitl' ;,~¡-·¡¡¡'use 
. .- ,, ', 11 ! 1- t' •Í111 .r'l d-;,;··1' tte111lv rP.tder¡n.• re cx­

••111nlllll.rl "'"'~" "ult ·" .1 mult1ple lll~IC\,ion 
11111rl1 1 111 ,e\.¡t 1oll' Jei.1II01hitip> .111d to pnn ide 
lltf<ltrii,IIIIIJI o.l' (1) tite d•Htllflll of lr1~ lll'\.t 

ll.llt"f"tll\t' 'I''P'· In a wore de1dnped fonn 
111' ''ti! "'e ",rundel more dmelv e or rt'lpntulrrrg 
to 1111'111\' llldllt ttltlv to C•l.tiJii>h tite p:ll.!lllC· 
lf';, nf rl'l.nromiiiJ"· '>t·cond, he wi!l ll>e a 
tllllrlt·l r .. , 11 ,1111\.! 111 lh~: dt•dll!tl\'e >('ll>e in 
o•rl, r 10 d7-7;:;·t~l~ll' tite applic.tilllirv of Iris 

t!H'"' v "'"'''' .1 wid:·r 1:1nge o! c.ondnrons. 

·¡ lu11l, U>!'d ~cielltifital!y in a conte:~¡ uf pro. 
j<'Ciion;, tite rnudel1 wdl prov•dc experirne'nt:t' 
::1 i1lüi·, ,: .rs to 1!1e rom1~rency of 1he rheor y 
:tJI(I po,.,rfole lndu(IJ\C tvídcnce as to the ~err­

sitivitv of rhe re.tl world ro changes in c¿llclt­
iioi1-;Ji ,;·,JY ·¡,e .t mane; of scil'ntiftc hut 11;;; 
ji~.,ti~c.d rndlfl•~reuce 10 tire scie11t1~t that tire 
¡.rojet ¡n•c u'e of nwckl, also is in:portant to 
dec ·~ion-mo~kcrs. 

Une may choo~e In make a di>tir.ction he­
twet·n tite v.tluc· of tlocory building ;uul the 
••.tluc of expnim<·nral wor k with mode 1s, irn­
put11l!-( .t lt1ghet \a!ue to tire fi1.11 of d1C>C <•C· 
t11'ÍW.!,, TrowC\'C'r, in the rr.td.rwn of Britt;h 
:11HI Anrerrc.1n c·xpeltmt·rt.1l ~cicncc, rhe tltto· 

"'' m11.rlly lt.r.l \OIIIC rcsponsJIJJi.ry for makiu~ 
fca,jf¡Jc tire re~•~ of Iris trlt';ts, ancl it rs orrly 
thc IJOldc-~t .lile! most brill1:111t 1nnovator in 
pt11C rhcory 1\'110 tan expect orher., to :tc(ept a 
drl'i,iou of lal)('.r ia wlurh 1hey wtll devise 
fc:;1~JIJ!e tests for Iris "írnpractico~l" fornmlatinns. 
!t 1s this experimental difliculty wlolch ofren 
!t·ach 10 emp!ra~1s on tlle false dichoromy be. 
t11een rlreoty and p1acticc, whith um only he 
m e1 come hy a long-run view of the val u e of 
th<'nry :md hy a nicc .1ense of th.: poreurial 
r11n1 rrlmriorrs of nc:w theorics wltose lt'~l iug 
:Jirtl .rpplication may appear outrageously dlrri· 
url t. 

Thcre are other criteria which may or may 
not t,e useful for tire comtructiGn rrnd ~elt·ction 

of rl!ent ies lmt which are frcc¡uently in tire 
lninds !Joth of scientists ancl !ay people. \\'e 

h,r\'e rncntionecl above the fact tltat for a l'a­
ricty of rea~ous a theory may not rorrc~porul 

directly w11h imuitive and popular ideas ,tltullt 
tire rrarure of n::;rlity. In this case, the rhrmist 
or ~uentiH may be accmed of being nnrealt.lric 
.t:u! may fed a sor tal ooligation to ch.1nge or 
alter the tone of his theory, in the d1rectrun of 
]'OJllll.trly undetsrood "realism." Suth a wm­
P"'"on gro~~ly distorts the role of tite sc.ient 1st, 
whidt is to identify a germine J>omorplmm, 
uto,t frequently not ohvious, hetween the '•t' 
havior of the real world ami a sct of mt·rllal 
comtructs. Frequently he h.ts to inverrt rlr~ 

memal tonstructs in ordcr-io- 'di.>clo'c rite •~o: 
·-mo-rphism. 1\lanyof rhe mmt prcgnant 1cle.t> 

of the physical and biological ~cienccs, ~nc.h as 
rhe qu.lllturn theory, the thcory of 1Ci..11 i' 11), 
or rhc independence of h'O'rcdity from em·irnn 
ment run counter to wrdely lreld ,.lllu deeply 



"'' •" •' JJopn 1,tr ule.1s, \'P' wíthout t!1e rl1scovery 
"' 1/•e,e tllellflt'~ and thc1r applict!ion tu 
~'"" 1H!,I\ llfc, tl1e world would l .. 1ve g1ven up 

,, ~·e;,¡ de.tl o! pro~Jes~. ~--~eo~rch for naive 
•u'"m i~ coulltcrproductive in sderue. - ----­

·--r,-el!liently c\en ·¡¡-;-;_¡ügh"'añ-¡-;ivc <.le;r7aml for 

re.dl"ll may ue :JIJandoned, the cntics or scicn.:.· 

w!l! vmtÍi!ll'e w t<~l.e reluge in .w unthinluog , 

'"'"~ltnce oú comprchemibility. Jn thc f•cld o( 

soc¡al ~ticnu·s. 1h1s ilhi>~cnce is !.Jase.! 'on two 

ciruuml.llllt'S. Fi1~t. cvery cri•ic is a mcmuer 

of ~oc•ery. a tl;t'f o[ cuics, anda partidpant in 

•'·e l'o!llit.d p10·u~'s He heu'ce fecls i11tuitivtly 
('•·•r bv \i,ltue of tlíi> sped,tl >tatus he <1t1d most 
.. th ónfor'n•ec! pc,;ple ought tu ue al.;J.. to 

·,;1111- ,f,l;lll <i11euly .. dl of '1 11e theone>' w!tith 

!'"í port tn dt!,liu~ the ope~!t:Í':'II.~ of_ ~oc i~ty. uf 
<l!:n, ,Jild of uol1t1o. )u JJI)' view, it would he 

<:1Ju.1!1y ndiuduus w s.1y th..tt Let:w>e we are 

.~11 111.1de of p1otd11, Wt.- ,hould .. 11 undct,t.tnd 

Jt J l(l.lncc tite theoncs uf molccul.1r IJwlo~y. 

A .euwd cirllliJI~[.IJICt' re>ides in 'tite r:ltt th.tt ' 
' • • • l 

a ~rt'Jt dt.d of ,odJ! ~crt:ncc rew.rrd1 1S (0!1-

ductl'd 111 >Uth .1 \va y rl1.~1 t!.e >< icutbts are 
do,e ro tite admini~tr,t.túr>, thc Jdtuirli>tr.nors 

.ne c!CJ>C to thc dccr~IUII·Jil<;l-..cr~ •• me! th1! ''e­

c.,lorHu.Jl.ers ollt clu>t lO tite \'UICI>, al! WÍth 

1111 tlt::tr >cpar.ttiou of fur.~uon. Bcume of 

tite pt Don.d and norm.ttive n.tture ol !ltc Ultll· 

ruu!lll.ttiun btt\\'ecu thc;e group>, e.Hh liul.. in 
d1e ch.ttu kt"!> li1.J! he ougln ro 1-..nuw .ti! .tiJout 
1\lut rhe :1d¡.tccnt link ¡, do111g \\'e m.1y 1011-

tr."t th1, '' 11h tite somcwh.•t liHHC inq:c.sort.d 

rd.~rruiJ>Itir~> 11h1th ~c11ern tC>t:.lrLlt .. wd de­

\t•!o• "''l'fl! 111 llldU>IrY. '!he J.tiJUl.llOry St!Cil!•~t 

1111\ H!t•t>t.IIHI >Oitd >t..ttC phV~IC~ in dct.til. 

')he <OI J>Ol.l!IO!I 1'\t.llllÍ\'t 11iJJ lllldtr~t.JIId thc 

lll.t'll rl111 (tl•lfh uf tlti> H>l'JI¡It ,11HI i,s porcn­
!l.t!dll'>. 1 !1<: s.tlc> dl'p.lrtiiiCII! UJidt:J;t.uld> the 

l.lp.tl;tf¡!} of the JnllltJflt prudutt, .llld t!tc 

cmronlt'r dwo>es iu the marl..et pl.11 e !JctiiC<'II 

tlu: Jlltldnl!> of (0111pcr 111g- tcth llo!o~••"• ,111d 

tompetinJ:: UJIIIJ>:IIIIt'. 'J !te 111.111 111 r!1e >tt•.ct 

could 11ut Ltrc J, 's al1ottt rhc uuu.tl Jole of, 

s.1v, qu.tJHum r,nt·• h.u1ics in tl,c p10tlu¡ r lüfl of 

!11, tJJml>tor J;tt!•o PJOI),1!Jiy "ltu1 \ou.tl >• i· 
enre tltt·or 1c~ p1od1Ht ·•• t•!l" tl\t: 1\''>t:lr' ,,., 

'Cjli,IIIIUIII 11H:tloi.111iCS, tite .lcll!tÍ!il>lf.ti<Jl', J>llll• Y 
m.1:.crs, arul 1ute1> wtll uc le>~ 111< 1111< d '" ·"\.. 

qut~t:on> :JJI(IJllore lrtdllt<:d tu jwl~<: l•\' lt'~ll:h, 
:A po"1hle rn¡ullt'nH·I't tor tf'i,"¡,~-~-¡:-m~,.~,:~ 

quirt:> Lr ¡t:f memion t> JtrO!C lil.l'lv ru ¡,,. t:<'lt-

crated hy tl•c sci•'nti>t th.<n by tille bym.111 r\~ 

a n·,u!r ol tl11• '""l!'k':l\ of ,o,·l.tl ultenolllt:;-1: 
·;¡;¡e~','" lt''J~III;: J¡,,J<fill~ f'l-li;-;-~~~l;l:s_<i:;;~~-~~:,i;l~ 
l\"Jl<f-:t!i" ,t-IC~II]¡- ~1f -J!I<: (Jr 1\.L r(}l g< IICI.tll/.ttl<lll 

whiclt i~ J¡tln:ltflt Íll tht•JJ) )' IJtiii,"G"~I~z-!,;( . .-~·1: 
a con>ideraLle dri\e w '1< ate 020~-~~ ~~·ltid~ 
are "tomprchc!!>J\'~" '! hi\ -dJ•I·e t'IIHliiiHcr, 

·reS~! ami• ó"ú ·ui·t;¡·¡;nls. l ir> t. :1 ton>prc:n·t•\ÍI'C 

thtory ntJ)' in CCi t .. IÍII .:.;~('> hCdllliC 50 g't'lltJ,t! 

asto s.1y uoth•ng ,tllotlt C\cl yrltin¡~ E\t:ll if tltis 

is not thc ra>c, 11te more tomp!dttlhi·•~ theo· 

tie> Jll.J}' UC th:: n!OH- t!if!tullt, lO IJ1,,11ip11J.1tt' 

,)or pt11Jl0SCS of IC>llllf\" olltd .. p,diLitiOII. ,\_1_1 

. ,i~~~l'~JI :.111t p:tlt ol tltCOI r_.I.2_:.:!_J~~~~.IJ::.i~-~b';.~.~:_f.:_ll.~ 
,. <~ ll((c >tlise -'!!_:::~1i50Jliilll.lll"""". '" ,,¡,. n (I)Jii· 

pit!u r~,,~~·i.-~ht;t:J_Il ~---·•:e .' ,;;:-;-~:~~,;, y--:!1,·(! \~'" ~~ 
Y ~:;Y._m.IL_I!~ .. a!'! JI '!1!.1-~:'!~/¡·_:_.~ ~~~~í·} ~~:L~Il~'-1_'~-

tiou 111 the s:tlal11 l~lt)tl of rhr· l""IJi•·:n l!tto 

-~,_.~~~~lg{:~;!2lr:_t!-.l_rt ':,l.t~J!!_)_!l;.)j-;_í:~~~~ 1_~, ~~~ .. .:_~_ 11 n~ 
Jlllljltr y¡l,dn·"'"ll of llw po!ó, y-rn.ll-..tJ:~ ptol:­
, ,, 11'\ m;¡y ll'>ll't. 111 -~lr)(;¡,¡¡,¡,;¡,lll;;,l~- ,-;¡;-t'7,';~;·~­

~;lh i\iot; ·,;f ti7éf¡i~~~-¡(:;,~s-ufllio· iP:if wm!d ,tll<l 

its funct•uning fm· purpmes of ~tudy ta:ed IIUl 

tllt..til th is d.111ger. 

LA'IJD fJSE S\~TE\f'i A'IJYl 

TR \:"'l>I'ORTATlO!'>i S\'STE\1'> 

Jn tbe J>TCCt'dÍfl[~ SCCIÍOIIS of thi!. dt>Clt\'illlll, J 
lt.tn: de,·tlopcd rny idc,¡; 11it!t tc~.11d 10 ritt· 

><IL'II!ific <OII>liUC"IIOO of tllc<Jiy. lll.ttlt!y 111tit 

i(.,pi'tt to the ~~-~!~eni;~ry_;-;-;';Ji,Jtitlf': eH'IIt' 

in tite re.d "·urld of 111.1"~ 1, .. ¡,_,;;:;:--;-nliie-u><: 
Oé-1 ~.;-;-;-~¡,¿;:r:;,-;;->~tla"Z;"J ~~~-~--.~~;;,-· i ;:¡,·,~.-~ ¡¡;-;,, e-­

-;-[f(í( ;;·e, o ii~.-e\·;·~¡ t l~oug lt- ¡·j;;-_- ·, -;-;;;; z¡;;- ":1\-J;I l'll-
-¡;,--¡¡1~.--~~.~;~; ;IIIJJ'ilit tatlwJ tlt.111 1 'l''•ut. 'llwtt: 

.u e two (lthlr ,1/l'ol!. tcl:ttcd to ptddlc t!cc i''"ll· 
rn.1kitll( in 11h1dt thco1 it"> ol o1 dili<'tt'lll l..·"d 

wJIJ !1 1\'C to be del'elopcd 'llt~·~t· t 1t'Wt \'C '" 11'1 

ntelltion. ·¡ J,lfl>ltol!alHtll .tnd_¡,l.tltlllflg" l11o 1.1-
tltJ<: .~~~c .• ,Yy~~;_~~;-;~;;-;-¡¡;-~-;~ ,.¡-,;;¡¡-¡~t:-·,T,-i, !~ 

·,~~ ;-;;;lll t O f lliOI t ge 11<:1 ,¡( 'J1 ;-.-~-,-, -,-;-;¡--;¡;-:~-¡;;; l; 1: 
... -1... ----- -~--- -- -----. ------------ - .. 

.!_l•_tl ... _i~l::;. !11 ctudc ter111S, ti"· •¡•u •.!11)11\ r11 J,e 
:tll,\\'tlllf hy >ll<h tli('OIII'' tflll(.l'\11 \\'11,11 \\e 
:1re pL11111in~ fnr, 11l1.1t Jr,uk olh .tlt' 111\'ohul 

intiH: ¡•ttiJllt dc•1~1011 JlllHt''· •llll 1111.11,\ . .!tlc> 

our p!..tt!\ 11111 >.ltl\f) !tt 111111e "'1'''"1'• .tl«i 
t('! "'' ,,.,. 111111 out to be ti• .d11Íg- '' tlit tl111,, 11\t 

1' 1 "
1 ,J' 1)" o r p l ti J l ti ¡} "" JI 11 1 t r \ " '. 1 • .¡ !· 1 1 1\ e: 

1

(1Jihllill!llltlll, 'JHIIo\(1';. ,11111 (',,, lll.tllf\[ ., r!lc 

(.ll't~lt !...' •! 11111 Of tl(r'iiJl.,, d!lr! !lit' il (f)IJ( :Ji.I!IUII 



1 

ttf '''~'~"·rlll·_~ ltJI• 1, "'".U--'--' iCJ l1t' hnrJc<l that 
1ln lll':llu\ 1 (¡t• 111 ~ t1! d~r ,~11: ... IIHI 111'111<'1"1. 111 

''''" ¡:11. rtl '''' 111.1\ IH· t'\!Hlltd 'e• u!k,[ 
:,, •t k\ 111! lftl•l 1111• ,t1!,•tllll .. klll!~ Jli'Hf''" "'t) :Jt.l{ 

~le lt 11 l•ltrli\IIJ'~ J'l••tt r111lt'' .tiC Jt'pl:l(ed hy 
tljll!ltlÍ/alt~ !IJIHTdltlt '\, tilld ~0 l!L.lf <-,ptlllli/IIJt~ 

·;, nol ¡,,;,-;-¡,¡:! ~ ,::;-;7{n\ cugiPL'('Itng nuc·tt.t 
11111 " 1 \[1,111 11 d 111 lirl' 1110\t ~IH'I.d of \0<1:11 

"''1' ( ,·,~- ··!.-~'""~ 11 ,, ,lhtl j-;;l',¡;;-:¡¡¡;··;¡¡:;-¡-:;-~~ 
-,". ,~;-~:,;-:-;,. !111· "'"'"''"" of dc,·¡,¡l)l!'m.rl..tn~. 

l t! 111;1111~1 11111 lt)lllllllt!ll" HIOll: tftorOtJiddv, \\C
1 

-· 1 ~ 1 ;-, 1 

\\rl! r1 "''''' 1 1!1.11,1!/llt .IIC ft•tfH,i<,HI~ (()lll'pul.l~ 
1111:t,! pJtddct¡r-.. \\htc h tii'•C 111 tiH dt.,!gn proc .. 

''' h 1 1''1111 ,¡/ tfH llll)~l' íOtPill,ll:~iot~otl \',UH.'ty 

"''''Ir <.'1''' in 1111' l"'"ihk <.u!ll1Jrn.lll111" uf 
1""'' "' .rnd f11llll<' "'""''iun:, (Jur lr.dt:rn.d 

'¡lu·~'_ll'l~ l!!_jlll' !11 l,,i nf lll.llirt•IIJ.!IIt.:J pÍ'Jg;:llll:· 

~~~~; 1' .··;.~~~- 1 ,¡-~~¡;¡;.-~~ -;-¡_~--~-;-;;;-,~-;-¡;;¡¡-,;~m7 .• '1 

~-- --------·-----L---~--~-4 -~--- ... ___ , 

·! l • ''.' ~ 1 ~'-'"·- n .. '! '.'.!!.:..~· ~'.:_t·~·~':.~'~"'-~'L'!~I~~~-'~~i~ 
-,,1(1, 11,,111 Jll,tttd 11ll !lit' IICt·d, of l 1t•tr-ll)ll lfi,¡J,. 

-,,-,l: · · 1 ¡-' ,·, ~~~-; ,:;::;-;;¡-;,,:7f;~~--;;· ;¡;:,·,·c~· f:;, ;"" iJ. 
,.,~!; ,,f ""'''' "'·"¡' '"" infh;ence tili~ ·,¡,_.H:Iup­
"'''"; .,f ,, h.11 .11(' , ,_c;,,,,dl)· ,ll',n~n uwd;·b. · 

\\:<' 1•.11(' IIC)\1"1,\'IC,ir~ll lile' l,)lll;lg! !Hlllll o.f 
.1 ""1!< \\11.11 ,lr.tl,y, .11111 per!;•'!/0: llliJl:."lin.l :un­
t!,., ... ,,,,lt1!tlt_! ~ti "'(IJ!It' oJ t!l(• IJIOll'"''"'l'-, <,f Hit'THC, 

11•1!11 \\ 1111!1 \\'¡. ,111ty ,·itW~~.--;-;~~~jj(fJ(: 
'"''Ptll·lilll!'lll' of l'\IH'Illlll'lll.d '"""l.nion of 

II,!II'\J 111li,1IIOII ~\,tl'l:l") ,IJ!CJ J.ttHI 11..,(.' "'1\''jtt'llh 

·""' ,¡.,. ¡,, '"" '"' of llwrr mcn 1 wdl lll•l ll(:rc 
ll! ~.IIHll ril<' porlll 11!111 ir 1'> llllW llltOill,lll!.( 

1,,,,,¡\ :""'!''"' 111 l'"ntiple-li1.ll '!' .. "'·.~';Y 
pol11 1 111.1~111g (llllll'"' II'C ,fl(' dc.ri111~ \\ II!J 

1! ~ t :.,,· , .. - .. :, ( '1 i ¡.., -1 j( ;,-·-¡);il;·¡ll_~ ~~T~~ú !.J Y:.~l H ~ l- ·,,,- ,,- 'J.ttl 
-.~r ''" __ 1..-,;;: ;~ -~~~1_;_;:,_._-~n'.'·''"l'olll.,~·, ·""Z·m ·-¡;,· 

-,1 "11111,.! ,, ,¡, '" 1 11 "' ("''~'"";,~-ti~~· f.ll 1 lll.lt 

'''o"' d:• .,,1( . ., :~r lrH tltrHLll IH "·" 101 , nnt.1in 

14 1
1 ;., ,dHHII 11 lll\J'OIIIIICJII (0\l"t .IJHf (011\(11· 

t~'' ~. •11,1 e 1111-.l <;11 1_11!< th.•t lnc .!1-,oil.tl rluni(·~S 
11111'1 «ttlll,llll l'\ \ldi!!HHitl'\ 0,1)111(' lt'j,jlt.tfll,lf Ol 

~~11 11 II"IHJ¡IIIItlll .l"tHt{"'' tJi (1¡('-\~\l('llt..,¡ Jt \\dJ 

,,J" 1''"''' "'' l11
1 

111 ¡1" d"t '"'""' 11l11c h fol­
!~n\.., 1•• '''""lf 1c 1 tlJC "t.dtl'!lt Jt tllll('' of :di 

''•"''' '""'''' '"' logf'lht·l frn111 !111. ¡>ollll ol IÍtW 

uf rl11 <JI\' ,;>l.,lllltllnll, di.ll\'ill~ lrcdy 11)1011 

c·,,,llll)•l•, f'."'" .111)' fll'ld II'IH:rncr rhl')' 111,1} l1c 

•1111' 1"1"L 11 l' 

llw l.llll;t' of 0111 intl'Jnl m' tl1c~c plll'IIOIIl· 

''"" t "" ,., .t ll'rde '!'·'" 
cnl!ll'h'' lol,;l '~'>11'11" 

' ' 

'''"" \CI)' l,t,gc .1ntl 

ilncH!~Il s11i1" \lCIIIS
1 

, \1 !111 Ir III~IY IH d: ft111 d 111 t'PII;;IIll'' Íng IU 111!:1, lll. 
• ' l l. 

·.111' ·1 .1111! t '1111111111t le llll'>, or 111 ~!'·"'·" telm~. 

clm•n 10 ;he ~m.dk·;t el<'nlf'llt~ nf tl1e w~;, .. ,, 
'!1" lll't'l"'' 1 IH·,¡ l."t ''"'Y'"' Pll'thanrcli U>llt 

.llrtllllll~, -¡~111 lirl' g:t..llt'f llill fl''>l ;llt;llliC\ 1/J 

.¡,, """' 111111\-·1 111:111 dit','lll)l' .1 , ar, ,1 l.nni!y 
~~~~~;-aho~llt', .. 

4

,- ,J-(ntp;:,,;¡~~;l ,-¡et.-HI;,,¡: 
·,;,-,;utJti.~ ;lt~\.-l'~!-.tabli~!ltll('l'H l\t e.uh ,,f ~~H'~t: .. 
¡·;:,-;:¡.,·,--,fiífCrt'lll prol>lt-IJI' .!11\t rq;.•rcttll~ the 

·'i'jllíl!>ll:il.! fo1111 and 101111 oH o! ll'~L~HJr. 

J hl' lHt>,ldl''l \ ÍCW of (111' (1\'f i'-.Ji! ~y•!C'ITI 1~ 
r----------- -- -- -- -----~ - - --~ - -· 

pr•:/,,,¡,1} · IIO' "' lt>:·lf hiel•h i'''Hhu lllt', '"" 

rt ",, ''"''ing ¡wlílí. f1Ír tZ1r.11ii ·.;¡;plic·.,ti"ir~ of•, 
,;:-;~·.;-¡-·~,~..,,·¡ tr~'> --,f,(~;,}, -,_\fii(h--·1.1t(';- ,jif.·tr-~iiJr .. ·~ 

-\ ·,·(·\~·c ... l .... ff! ~~-. l-f;li;plliH~Ili~~~ Ji(l 1 fit· "clenH•nt•, ('• Cn .. 11 

(, 11'"1~;;, < i1i> llu'"' y·~ i\'il h · r i'~¡.·(·ct tu -thL' ro•.rl • ·• 

ur h.:11, l>ll'llll)"'l".:ll, or 11'g1o11,d ~);l!'!fl, '"''"' 

IIIIÍ!II.IIl'h pl.1v ,, ~l_l_r~l-~t¿!<; l!]_,_l:~i~r.ol~-!_"~~it·l,.; 
~lt',HI\I'irifto,, i1 Ll'l lrl' p.llllcul.nly u'dul '"'\ 

ddinll1t; tire ·•I'Pr••prr.rte 1111111> of .1 ~}''11~:11 a11:~" 

-;-;,·¡,"~"'~~~;-;¡". ~-¡-,·~r-¡¡¡¡·¡·¡,,, ;,r-the ¡ll;Jhle;n "" , ___ .:..__ ... -~-- --- -··~ -~-- ._)- -- . . 
'"'-'~--:' __ _:,::•L tl':"-"'__dc,r""P'!~Il:orr tlll~ ·;ul,:' 
.1'1 oiJI1·1m de.rli1'11.~ Wll h wl "' ~lt:lm ·,; rll t;iH,IiL • 
:: ... ~,-¡.~¡;11¡¡¡11· ;;r di .. ii"iioi •. Pj'i to ,·101:. i.n.lwth, 

... ~·· • - ~ • • • ' ~ fr 

!1.111\]>tiii;II!OII ,uHI l.11iti' "'e an.dy;., 1he~e two.· 

l''"'l't'lll~ h,II'C lwcn· .rppw.l<.hed l.trgc·~y !>y 111-

lllltion .tllli llllliiCIJOII 1 do 1101 fl'l'i llt.t! j~,(:., 
~,.,1111~ han· lrci:¡,--;~;io,:'l)' WIO!If;', IH!l .1 ,~ .,.,· 
ll'III.!IIC .111d IH llc·r rnfor:ucd ·'Jll'lo:rth• ;;;,t.:lt;1 
¡-;;"~ ,,ft: ~;";-;¡: ··\-,~)j;~-~~l'~ .111-¡l- prov; ·a· ·U'>l ft•! 

_illl(lt·_l~;_,,.":,)d, }lt·~'l>"~~ --- ··--- -··' : : 
\\'!!Ir ll''f'LLt to o,ul")'>lt:I'IS properly ''ehned 

and comrdr·¡t·d a; ~y~tem~ 111 1hcrr owu n~i11, 

g•·11c1.d 'Y"crn; tlu·ory may vc·ry \\Cil COIII! llll!li, 

¡>ollt'l frd mcllwdo, for tkahn~ wnlr 'Y~"''" ,,,,: 
hrli1) ·;¡, :i l'¡:,;,llin_g.olijl'iti'c ;",,r,vnh lrorllt'o· 

~1.rt1Í. <il·t:·qilllilli.rt.iii-~ icmlcnC!t~ '"ti'"' ~,,.' 
·,·,,"¡., ·;¡~ li:irH!Ic> for ,-,odÍ ¡~l.;n;;"·'g ,;1HI--.i11,dl"~ · 
·1-h~t~l: IIIV lll\'11 1111!1111\(' fce/:11~ tir.ll ~'!"" pts• 
of tqlliltiH:lllll an!m;tlc a gre.lt dc.d of rnt'.rl•'' 

•;!lj(f't!~t ,;r\•' lll.l.!IHJ -¡¡~;;--.~~ .. ! ·¡,·.1-II'!.Hlfi,IIIOII 

,IÍt.-1~·,¡,,. (,'~~-~· Í/~,;1. ti~¡.,t'···flli!CTf-,;S .!lf'. 11;,¿ .. 

,¡;;:~ll-i}• t',pJored and IIOt ~11fl1t ICIIII)' t 'lr!11 lt 

l·or '''amplt•, li',III'JlOrlaiiO!l ,¡n.dv\1'> ,,nd drc 
a',"glllllt'lll of IJ,rifrc lO l!Cl\\'Oii..'o W!lh t .•p.:. IIY 

1e,t1.11111~ llliJily a whole pallt:lll uf l''ldrilln.ll­

illg b_eir,IVlOI on the part of rnd11'1dual., ~~'"" '' 

m.ty or III.IY 11ot lt<icl lO ;ystem cqurldmu!ll ·""' 
m;'¡y or rn.ry not be rclated tu v;11rnu~ fonn' ,)1 

opt:lllit.rtron. Thc'c quc,l!OIIS h,t\1' iiLrn "''Y 
lrghtly cxplon·d by bltlle forre ltCrat i1 t· lllt'!h­
od, in modeling cxprriments, aud 1!.c:rr !111! 
Ílnplicatiom rcmain to be >errou~ly I'X,I!l!ÍIIt'd 
In l;rnd use g1 ow'th model sunulatiom lJ:•>(.d 



oq•oll trt'tH 1 li,:t,t, thcrc i> .Jbo a set of t•Jaf')..· 

''''"''" .J''umptH>Il> ,tbout teuucnc;es to equi­
ldJt~tllll \\'llt'lhcr ,ucl1 ,111 cqwliiHtU!II t•xht\ or 

'"'c: 11l 10 l''d\l l1.1' 111 f.tct hctll >itghtly t!X;tnl· 

'11<'< 1 111 llttOI)' .\';:td!t·" t<• >.ty, Olll' >hOt 'kct<h 

pl.or111111t: ot de,tgtl 111odeb .tnJ "in•ta.lt t ... ó" 

~ud1 ·'' lr.t S. 1 owrv's Mude/ oj a Metwjwlis 
ate c.ousu.uuctl to u•e cithcr simult.tneous de­

tt rmin.Jttou or optimilation, and it seem; m .. ely 
th.ll t he ftJt nter utethod coutains 'omc opti­
mllirt~ ,a.,umpnom 111 its behavtoral par.unc­

:<'r> :\fure gcllcrally. 1 fcel th.tt land use he­

lt.tl tor ·" wcll ·" !.uul m~ >ystem perfonuartcc 

t.tll ".11dly be c"p! .. tiuecl wultout a tOII\ttkra 

ti•, l.ortd matl..ct equilillrttllll am! sinlltlra­

ll~·~.m tk~cttntn.t!Í<Jtt--all .. uf ;vhiill"''¡iv;-é·-¡¡¡,¡joi 
f,ldi,Jc~~ll~ fn• ..,, .... ~'J., !!Jt..-'11). 

C0\1\fl-'~IL \TI:-.IG :'tfl('ll \~l!>~IS 

'J 1ter(' are a llumhcr of Ítl<ercs.tin~ pmhlern~ 
'''"'" ,IJÍ>C úlll of tht! COilllltiiiiÍI.Illvll .t!liOII~ 
'11 1 >\l,lt'tm .tm! betwcen elc,l.eíii~ ,tod·-~!dJ~)·,." 
t· n" ,;11,¡· out 7Jf tite- Jl!Cth:ul"nl~· b)'~ wf1~dy 

t"•¡uildor.llfl>;~. dl\t'tjll'libl.lllllg', allll dett'fiiiÍII· 

111'~ foil n ,lit' (1.111>11111;1.,¡ lO ·.tnd -fr0111 do··¡ j,ll)ll 
. - - - - b- . ~ 

t:i''h. 1 ht• llll'·'"' of !111· IJOdy Clllll!lllllll! ,lit tii· 

Í••llll~tion IL-.t:li11~ to .tCtion Í,y ne11t.: tmpuhe> 
~11_1 1 thme m.lint.lllltllg homl·o,ta\1> hy cht·tnttal 

IIILW!Ilgel~, \lh.t! ollt' tht• lll<'~!>t.:llgt'r> i11 a !:trge 

-----------~l___.,_ltl_~g~i- -\1."7~-;;r [¡-;-;::-,;;- c¡;~c~íiiii,-,-··,~¡¡J 
·-~' ;" •• n:.1111 111 ;he dl\tll\'>1011 of the I,Lhanm ol 

d" "'"11 111111' he 1:)w, but tloetL' "oti!IIC athan­

'·'~ t.t!-.111~ .111 "' 111 icw 111 1he t<JIIIn .. t uf 

!>"ll'lll!> ~~ 1\ t¡llil!' ·l!'!'·'rl'llt tlldt t!tt' ).(l'lll'IIL 

"'""' f1u tltt\t' tllt'"eill:t'l' '' ill loe illfunna•tnn . 
....... _-- .-,.. . 

.11111 it \l'Lill'> <Jlll!t' ltkt:!y 1ft.ot 'OIIIL' ·g.oll•> 111 

th<ott'lll.o! ti.IJILY \1tll lll· .llhtt!ll'tl ,f .t W'>tt'lll· 

d(IC .tpf»''(,IIIOII of (OiiliJildih,lliOII'l tftl'OI\' (.¡ll 

lw ;11,1dt' ,,, · llte---,,;JIÍ"'I;II·~ -of_=];~í~~·,;;~lttoll 
t!irotn 1¡ .trh 1 .lholH ! 1tc ~'''e 11h utrc~c r ~ruclv. 

·¡ h;· ,,'¡•p'11 ,.;;ility oÍ-,,"'- u~ntt·pt '' .o!11 ~~~~~ :1!:. 
p.liUI! 111 t!lt' 1111>'>1 t.:!UIIt'JII.II}' (lll!>idt•t.t!IOII of 

tltt: \t.1!.·li1y nf tt.tllu llow ,,.,telll\, .111d tl11 '>e 
11il-,,., -t.IH -~,;~1,-:;i,!~· ¡;-z,--~¡e¡,¡¡~-;1-io !.nul u\e 

!>1 '>lt'll" .IIHI !.11 ~~ 1 tf,lll\iooll.lllúll '>l"ll'III~_-Coll-­
~~dcl~ d lll t!IC t01lll11lllli, o~tioll_\_ (CJII!t'\.l tlu h• 

"""''L' 1111111 111 corniJtlllll).( che \tlldv of tl!-t i­

""11 111111\ w11l1 .1 ¡ntort <O!I'>•tlc-r.lilllll' ltollt 

tl 11 ft'Tt'P[ l,l.,t ''J!illt) d'-. lO \\h,tf lliiOIIII,tlioll 1') 

\t OIIC 

I'Xtrcmc tlu~ typc uf r111·rgl'l' k.11h to _.t _~-~JI~ 
>itlt:r.tiiOll of tl!e t!ldl\tdu.d, re.:cttoll tu tlu~ 

vi•,c¡,¡] l'll\ ¡,.,¡11¡·,.-¡ú--.1~ -.: •. ,-,.,¡;,;¡;lr-ííi-;.Tii71ie";; r.y 
¡_, 11ch .o no! otlot "· :\1 .o dtlleoi·Ítt-e('ttelnt·,liii. 

•IIOIIIIl•., _ \lt),..;gt ... 1" __ 1 lld ~ J '1 it ( '1 ,11 t'_ t hl: __ IIH.'~-,('~Igt'l¡~., 
ll\ I\I1111J llllfHlll,<ltl llt>IIIIIIIIL illflJitlt,>llllll lj'· 

g.'or.tl111g_. '~"· dct' ""'""'g llc.otl..~;t-i.,-rr,lmtl!!ll< ;¡· 
.l\et-1\CI 11 tl11·~e- t<llllllt:> l1e .m.tÍI}' -Í<•rul,,·ll.;l_:~,"; 
of pltt·nom< 11.1 wl!u h .ut: oh":rv.t 1J!t• ir:lluen11.d 

lll-,1~! lÍa\ illl·, ~1'11d lO ~úliiC l'l.!CII[ prt:tiiL(,rl,fl- ,1\ 

'"""''!"' t~tl'' of other dcw·!opt:wnt\ 
. ! 111' ""l'llrt.llll ,. or J)~·!;:;, :\_~_,l_l)ll,:~:'!llj,;! ! .. ·'"') 

of t!tt· .tllot.cliilll uf mollt') w drllc·H·c.~t__p\IJ ¡AJ>I..'i 
(tf:.or ''· oi t·wt;llll-llt- IHJ::;,~~ll) -¡¡, pt 1\.111 de 
~ .. ,...J.Jr!l'k'~' v=4~:.ii ... __ ----- · · 

~~~:·~'~:~~~~\"'!~ 1> >u .lO''..:.'.! t!t.ot 11 de" t ,.,., '!' ~ 1.11 

:ntl'lltio" lt ,., · t' 11<~1" f.H~ th.11 '" "l'"L .. r 
tlll\ :1 prtOII Ílt'!lOI t.IIH l' of IIIOIIt'(,ll ,. J>ill f<UIIl 

111,1 ''"'Y lt.l\:' lt·.ollv ¡,·¡: i~t·d 1< loll\1 ly Ílllk 

tll'tJh.l'>l!) 111 li.oiii¡>OII.ttlllll ,111d l.1lld ""' ¡·!.111 

11111;, .tlld .lll.ol)"~- J "' ~·Jill( 1\'lt.tl lllldt 1 ,, 11111 

,,J.fo- 11',1>1~11,, fl,l.t'>pOII,oliOII pl.IIIP('t·. li.IIC hn:ll 

1t lut 1.1ut ll, L'-J•Iott• tiH IIII(HU t.IIH e cJf P•'' 111~ 
poll!tt'o 111 ,till lli.t!lll' tJ,IIJ>¡>lJit:ltldll >Y'Itllh 

.;-¡-".'h. '"'\\ ,., ct, 1 h;~ t do le'·"" e ,!ttHtlol ill;~~x­

H·nd, ·'' it fll't¡ttt"llly t!ol'~. to tl11 '"""'"'"" uf 
to't f.otl<•" ,tud the , .. ,duolll' l'lllpha,i·. on 

illtli'·"".I.'";S wh1th is flttprcntly lound ¡,, !H't· 

1\1111.. ,IJI,til'l), trtp di\tl iiHJIIOII, :111d e\ Lll 
,¡,.,t,t! •plrt~-Foriltua'tl'l);:·t!,j~--,,H.nt!t io lllll 

11111\ll~;tl .... (;, land me ,,,, 1h''"· thc ptoblc!il 

'' !'L'ch.o¡•> l'\'t'll more ~c,ue. lloll~tllt: llllt> 

.urd 1.due~ .11e the n.~d_i~!!\1 ,·litoll~h '' ¡;,, ~ 
-l~~;;-;-;;-;-·;';_7,-;;¡-;~IO;~,;!C Wttlt t.tth otilt't tlll'lf 

wt'll!l~ll(''>\ Of IIIIWi!l!ll!-llll'l'' }O ((llll(ll'H' l111 

"11·"'· ,lftt! IIIUJ'e !OIIltiiOIIIY '.111d tllllt'\ .lit' tite· 

-llll"di~I!FI ,of COI_Il!Hllllit".lliPII lli (lit~ lOili!H'lilhill 

.u! "'"'''llll.oL llldli'lri.d,_ ,;-II,Í~¡~ .. I;¡~~_ '";., 1,;.' 
].,,.,¡ \ t't 111 the rc>l'.ll< h l11 Id. ltotl\1111_\ '.tl~11: 

·""' l.lllll llllll'~ 1'('1 v ~··ldoiio ·'1'1" 11 ,.., 1.111· 

.oi.Jo·, '>o d.1111:t~in¡.: i1 tl111 """'''"lt tl1.11 '''!" ll· 
'""' .111d oill<'t\l't'>t' u•.dotl '>lit'.<" o.l lo<,llll•ll.l,l, 

'"CI.oJ, l'Ullllll111l, ,111d 11011\111!-l >.lll.titJ,' "' l:ll.: 

f'o 1111 IL"I'\' 'J J',III'>JHli'I.IIIOII 'ollldY .lito! tlll' i 11· 

'ot.ll•' 11.111\pni!.llton Comlltlltlt ·'" ¡•.1111\' 11· 

11.11< ol l1v the f.1tlure 10 itt<¡tlll< ·'' 111 lu•ll'>~lll{ 

'·•'•w "' ,,.,,t 1t 11111\t be .t<ll•ll'l"l t!J.It 1lll' ~:•l­

¡,1,"'" ol tht'\t: d.tt.t .lltd r 'l"'t t.dl) of. l.tii<J 

1 d11t' lltfotltlallull 111 .1 tt''t',ll• Ir ''""' h lt.tll\':111 

""'' oldlutolty. ~•.tt 1 la !u·"· rh.ll till'll' " .1 

111o11' ~o¡¡ 11nt1t, lt'.l~on '"" 1h~ 'tt' \ d11c ~ 11.1\(.' I'J/t,l
1
l 

"' ~'•·>11 o! 111 '1""' uf \111111).( tiH ott'lit.d ll'"'"'" 

fr.r 'tiiLII rlllill""" 



r· ,,,,,,,., ,,q:.,..,) ,,, nttdt· (·~:,J.t:l.trnry ..... "::~~ri ... 

r1 
·', .., ' ' tt '1 p. • r" 1 'r.• t r • ,, .., lll '''' · 1 JI 1 r t' 11 JI of 

,•,, ""''"' ,,,.,,.,--,·.( ' f11,·,,¡, ·'!'!drt.~'r"'''• ol •lte 

lh.!l _ll!.!..:.'-!' _ _'_:1~\1~''~ _1•• __ J'.'!.!J~~~l'cl Ullllt 1 'H:\'. {lJ· 

Cllllhl.llll t' J lw 111101 t>l tltt:l~ f.-lll.;---.~11 -¡-;giy 
.!de 1111;;, -~~ )11· 1 liomn !O prediCl ftiiUie ¡na e~ 
'" 1111' "" ol 1''""' ,,,•¡,¡l¡]c·s, l•e Jllll>l ln11ld .1 

!""'''' ""'''!'"'' '""1 11·i fm tl11s ill"f'"'e l·:luth 

""':;nll'o no "'' "' ·"""'' C.lll>t .l!ld ellt>n; and 
t'"~ l11·i,,;; 111(' 1 "''· ltt· 1111~1,t ju1t ,,, we!i h.n·e 
¡, !t ]•1111' (>111 "' '"' t)l lbtll:il :lll • .']y,j~ ,JIId iil· 
(!""' Il, lite '"'"1' !'"'''' \.tlJ,,iJks, ,1drniuing 
''"111 til<' """l'l ¡1, ·t '"' tlil'e:y \1.1; 111 p.•r: 
""'' 11' •'''""''1"''· JI t>n t1:e othrr h.,!ld he 
t.tl,,' ''"' '"'l•"tr.tlllt 1•f tl.e::e euJIIOif,ic 1:lli· 

·''''" ·<'lllll"l~ lw ttlll'' f.tte tlie d;tltutliy o[ 

.'!:'.'"'~'tlt<..t.in~ jJ..l•}'-":2''-'~n~.tJ)'_t;~ lhtut:I.\IJ ><Hll~ 
f~tl11t of 'l'lt11 1.t1HPII J ~lh lt'(OIJSIJU([Inll J~ (OnJ. 

l'''•.•f•d~ !., -''u· __ t'l''l';!Ct_ t~f_\dhnldJj..,:_~~i~l~~r;. 
'llllnll t! ,¡jd 111('''· llflllt'lft•([ dt>><'lllÍII:tiiOII nf 1 

''"'''"'·'ttnn, ·'"" "'"''·''¡Jt: : .. g~ in e'llldtfl!tllln. 

r r """"""t "ll''"''''·'tlt>ll> \l't:te Lt~~ely p.:rir,h· 
t'l d lll Ilw rlu·<J¡ \' 11 1 -l:tnd ll!>t' :tlld tl.lll\j1CIII.•­

l11>11 '\\ll'"''· tflt'tc· 1\nllld be less ol.jen10n 10 

• •kt11.; t 1H.' 1'"''-' 11,1v n111 ol dti, eiJ'eml!l.l 

'" !tne, lin\11'\ll, '''"' tl•t>e cotl'.tderarton~ ,!le 
>0 lt 11!1 ti tl•,ll t'(llllt>IIIÍ( 1110dtls IIIU>t i11 tite 
fllllllt' , ... ·"'"'7,-~~.- -,-,~-;-~,;~¡:,~~¡.~.¡¡¡--,-¡;,¡¡-·¡;[ 
r .. ,~:~~~ ... ·n;.-,~.~~~~~ ·;",l ,,·~~;;~;~~-f!H''~'}-··;t- r,;¡l ~c~~l+c~ 
¡:,¡, ·'1'¡",-,-,; (; ~~ ;,¡ ~~~~;,¡\t: "'"di~ll~cp~.:i.~,¡)"; 

~,,,, '-"'~>II_I!LI qtt: ~·'!' í"~"-'_;,_ud, '·" ic'. rit.lf> "'·" 
\tr"r 1 ,,, 1 tiHn r ,11'11 !Jl'i !J,IJ)~ ,1 lll\!( h J)h,)l{' 

~''"nh 1•url ·'' ~,.,_,~r·~-'"l'<~~~-o~rht; !)~'''~t\'ÍQr,..o~ 
dtt 1~ I!JI tll'lh 

l\1 1n11' '"'"¡"~ 1n .1 dt'«ll>,iou of tliC' !lteorv of 

111• '" 11 11 \(11 "' t
1
t'tl\ 11lll ltlllt~. 1 lllll>l ('lllph<t· 

'"1' ,, 1 11.•1 di'lllll !Ion l¡e t\l't't'll rhe >!tul y of 

r!t.tt tl•11111 .tnd ''' .q·pi1Lttlnll To .t \(''~' l.trgc 

1 "''"'· riw ''-",!~ -~~f __ t_lll· __ I,_':~'::_IÍnr of e'IJI219fl. 

llll'h ( :111 l1t' IIIIJ!¡•JI.l~~ll llll!t'jll'li\1(;111,1)' nf tiJI!,. 
~:tr·1d d1f1;, o-f "~' .,,, "' .tlld -,trll,\'')ft'lll pcrl,,nn­

··""'' 1d11e ,,- 1t" hn ". t'H' .,ttl>ft'rt o' tltt> ,,flor 
;

1¡" ''"1"" ·r '"''" ltlll' hn.t1"<' .tl tite 1110\lll'llt 

\\ 11111 ,., 1'\.0illllll' tite .HilO!'' of dCthlllll llllll~, 

''"' ''':e""· 111 ldttdl lite v ·"'' cntiH·dtft·tl J¡,,,e 
,t 111 .tr'\ ,,,.,¡1). llltd t 1 ~e·ir fttllt l:nn~. 1111 r t< tf'o. 1 

·., •t'- ""'''· ·""' t!"''"" L:L'IItt.'lt'elt!Je t:ll· 

'"'"nnt'lll.1l '"l''~··•qp~ ',,¡ mfonn:Hior: _of, 
\\ lllt ,, f!t~· d!'( ('¡¡1, 1 r• j...r;ov;lr·~·~~.e ctlld on 

\dlldl ,. ,l(f'l ,,, ·': .. 

·'l'l'rn,lf (i CoJ.hl"~ 111 

~~in< h li1e e"' Jlf•tllllt ;ll 

' .~.,, the :~~~~e~irr~e·rn.1 1, 
! t.~ Olll IH'Jr.utrt''r JI~ 

,.,.f ft~ .ufor,IYL:ttlor~ot: 
<~-IJ111 llt ddfL'I !.\11:,'.''¡{', ''"'', 1 ro111 OLhCJ envno;l­

nllll~>., <Jr_ tite _de• ,-,io-n 1111 r- -dllftr si¡.ii:Iiítl?.lltly. 
"ftolll ml:,•r dt'< ¡,.1,11 ti ni·, ~o that- thc ~fllf'f..tl 

.i,;¡,;,(,,li""-·"'d fn,~tftd .. , ~·. ó-( ¡'jlt_;·tl,e~¡y n:ay 
llt: e..:.llllllltd. \\'l:er., ·!,,, ... ,.,.,-r, "tli!~--beh:,\·iór of 

de;{.,,e•n "";ts ~1~··;";;lt,·.r·.);,;·,-;:m ;h; b:t~t> -,,e 
~~~ '' ,,n--:lll.tl~·s~> ¡, to IIC' ',·¡;T.,r.:rl clo:-f'e'm:en­
.t.tliy un(i:-r' (kÍ1Í¡•,ed ·,¡;.,,n:prions>s~rü pr.it¿u•s 

',t'nci H~<l.n(,f~lj~r' .. 1r1 <'lHtrt '\'lit'\\' srtuariun drt~e~ 

\\'e e,,¡,- 110 lo;Jg• r .t-.>lltt<l tl~.tl '',!TIO'-'> ~et> oC 

dr·c •~ion-n•;lkl'l> .1rc •n¡lt'''' ,,dento[ each otl:~r. 
1 .11 i¡ 11 .11l.> wili. li>< e11 . •ut.H!IH a~1d cn•,qe, 
'h.líl)!l":~ \~·fr~M( ,,~ ¡·t~:;,!.-1~: ~ •,,_;gr~\r~~~hirig {1t!1e: 

,fr, r~1.,,, nL1\c1~. f!lt) p,tt r.•clio•l; wh1cit ~~ rr,' 
n ], '""l tc, >OIIlt· ..tnaly'c'. hreome~ o;,¡(¡¡! 1n 
"'tt'lll >Ímul,111n11. · 1 rh11s .tostnne th.tt sys1e111 

Sllll<~l.ttH>Ji •• 11d dechinn :lllalysis inrct,1C! 
~l!un~ly with eac 1t other ;md that each 1S net­
C'>>.tl\' fur •he otlt<-r. But ,,, .1 mauer of re>earch · 

ernph<~st:., ! wou!J e,ive ,rwrt-term priorlt\' ro 

~)''!t'lil ,; nllr Lu Í()ll on t he gro u nch thai rele1 a 111 
e'¡>t:l imclll~ 10 t• st our tliHieJ:.tandm~ of tbe 

he!: .. , 101 oC dcci.>ton utut> can prouably not IJc 
pcrlorrued \\'it1rot1C rr. 

l11~íneers and ·,l.mner> are viwllv concC"rn~tl 
\1'1-lh dte f~th-:.1\ ¡,,r -of !101-l'·~·l;;;);¡~ .l~Jtci hn>llt''ll 

t'>l.tll!i,itútuir~-¡n m.dZi111~ u,t·-of í17'e -t;·am¡•.Ht.t 
-,,on w1tt:n; ar.d 111 m.1ki"l:! l,)(iJÍio,ío~Y~I-t·u"onl 
'ltu h '1('1•.11 im ¡, :!:l· >OI'I rr· ·o( tran~¡~orl,ill<••; 
"""---~"-'·'"'•··~•¡ ' • 
do ilt.ll.e: ~'IÍ\,llt! ck< ÍSÍ011> iri re''flt'fl uf ,l<ll<,-
'lltt1ri!t•-~)\\'JI( 1~111(1•. )uc.ltill)l, arid Jlf'\V--({)jj'r;;~JIIC­
I•<JII 111 !lit' ,,,~~fl·~.l,é- ~r··atly _nJ(luer¡_ée_ rhe dt-' 
,,.•ot>Tllf.llt of 111"'' .111d 1r~·om. Finally. 1 .ttn 

>1111 tll.lt JI 11'1' ullrfer·tnnd t.hOiollghly tltt 

" 1:ole comJPIIatH•t1_ of c'e·-"Í'?II'., made by lll· 

dil Hlu.tl;, a11d f11 •11s, we (OIIId un~lt,:r~t~lll.d ar 

the 'ame time _11te 1·xrent_ to_\\:lurh .. l!:lllom_t.(· 
h.111 ,¡!f,lllgement• •ati,fy thcir neerls. Such .tn 

unde'''·"Íding"' 1 ~·tral te~· Jo_prorlu~ing pl:111s 
and ¡)()lides whíc h _ wdl h· ,, sen e_ the !Jtlb~Jt 

j 111 ( "'''· 

Smne of rhe differ;onc<'S benvet>n prilcrí' llll! 

planners anLI engmeen '.111 be traced to tlt('lt 
dt!rt'll'ill approa¡_hc~ i<• d.._, t~ion-mak(r~· lll' d, 

;uul prefctPnn·> 1 ¡,~ ;.:.:• ner typ1c:dly "" 
ptn.tdl('s the r•rol¡f,_n !· ,,.: the v1ewpoint nf 

'lul' 1 .1' ·ve ~Utlt' .. ' ·rd.l of bt l,avior dlld '>OU.t; 



'.::.!le :r-hi~ h in p:ll:t r.a~ed upon'-'notion~ or 

· ~.;.",,;,m ~oc i.tllv .•• uepr.d;le' Jc,:els of wt!fatc 

t'IIJ 11! p.lrt u pon. :111 ~niph.I~IS _011 __ 1_!\~--('XIe':· 
,,,¡J,,,,., .of ,ÍJH.IIIHiu.t! bt•!l.tvior~that i~. 'u¡;cu'i 

·the -¡.,,-e-;_rs .~.r ,,,w·; l·eh.,,·,or ~n others. ·1.'he~~ 
:w~:-()m :ar~ linkcd ~,·nh •srro-;.;g~ ld~\;s: c;f. ~oci!if 
, o1n;oJ. 1 he. e"g;ue.:ri,;g ;rr~~~e~í.is-w t.~ 
,~;r~:·.~d.q¡;ÍVt1., 1 !lL! 1\'Íd u al :beh,l\·iof h' re'g:mlcd

1 

~~· .~~~;! 1 ~ l:•• ~el y~ ~t:lr ;nor ;vated- ·an~l''iiot 'wideif 
:uncn.d;le 10 comrol. In tfto.t!iug wirh suppo>cd 

, f 1 1 • • • ¡1 ,•. P·''!P'h·,o lC.Iót\'lllf'.:~s- ncc(·•,ary ·!~pul~ !O 

c'.'I:ÍI)t¡_<;riu~ .e~um:,rcs, '' he• engineef' IÍ ppro:H l!b" 
rhe .. !!•of_,,h:JliJ _11'1111 ·iu.ldcr¡uarc·co·,,·ccpi~ 'of' ,)/o~' 

~ ' ' f '1 1 
' () 

t· ","'!·ap,d .of mea,un·mt'l•t. i'.'cHht'r'pl.tnJa•rs'. 
nor-·cugnlt·<:l>.,<trc! ·111• g-...:ncr.d 'wcll 

1
rJ.IIllt'd ¡¡,·· 

.. • ,· L ' '' • , J 1'1 '¡-
the, !!IIIIC.tll'o ,l>'>lle'> ,,of <!dtOI(C' uCJl.l\':01; .111!1 

1 . . 1 •. ' 1 l' 1 '"''!' ¡"-!",':~·:!!.''' .1 1)'_ 1C.t.Ot~OI!IJO;_ :son u ogy; a lit fi'YL 10; ' 

.,,.,. ~if~•: ll!llc ,wl11lll u· cr ?tncr:tl .q)pli,:.'did':ty 
. 1 J J 1 1 ' f 1 

"" ' ' JI ''• 
1 

tCJ_,rllc,.¡uuJ t'llhrW lit l"~r H'Y .•l't' 11 'J 11~ .o uw-
ÍIIl(.•C~!l.tr!.l .m; ,tiH·rciu!C' ob,::•~·atilin'>' o'ri'''¡¡• · 

d',lf:ll,~l!~ \\I,IILIJ will ¡u-l!im.ueJy_ l1<." rc~oh:cd Wn!y',' 
bv .ti.Jini.ug :.peoplct,.llld .. cfevelopin~ 'nierhbth'_

1
: 

,! 1 1 1 ' f '!"' f' ':" ',,.' \\.ti< :1, eu!l~~~~ y,,a,.com Hnauonno •.1, ·o llle>e 
tb~.__l,tplir,Jt•) Íll ,a·~fll·W fl~l!U.U.•' ' :,;·• ' 1 : l'd' 

1 
u'> ... 

'.'lt •L ',' • 1 ' • • • .,f 11 ( t 
llu; l>.o~oc tlteory ¡;(,, • ho1::-es ,.l¡y ,l,nd•\'uru.d 
... - t ¡ • ~ ~ '' _1 • .' ... 1 ! ~ • ' f 

dtt"IOH UIIIIS 'dL,tl~~·iii·.·ICI Jij,•7'of'':71!t•t1Jtt ~~·co;·"-
, •' • J, ¡ ¡ , .r 1 • , ~:::- , ' __ 1 1 • • 

.'!Jh! :n:·'f\r~ 4ufl!»~ ~yc:l ,if.~\\'t'l.l'\.,ouiJ.e.' tldt~'->¡,o.na- . 
r i"u- .111d1 101 ,11 ioi o:J! 1 ht'oltt ., .or .rnod •• 11. • ,-.·.:: !llti!' · ~ 

¿ 1 ' • '• ) - ' '1 ·1 -
tli.tl the~e rr.ulc o/f~ ••• ue,•n.:r•lütc''V' 1 Jl'cuul, 1f 

¡,,,¡~:t;d' tl,:ev 1n~y, .lw ,¡,;,.~ullt•:LI. ;,J, ''·'"''' ,-,céu' '~ 
toll~ld<:ll':l \t'Tll;li)IV .. II ,,ll,.'i!lltt' tf¡ec~~ill!l' rJ\111~· ' 

1 '" 1 o • ' l r 

1~ 1111<' of t'IOIIOIIl!'IPC II!Udc:,•in'ltUrt·d ft'tfi/s,' ,_ 

.. 
~o\1~ wJ:,.l¡ r.lq:< •1< 1 nt:d11'1 

.1111
1 

1 Íll' (U'lh of illi''l 11;1 ;tol 

1!1 !J 111 Hit lltJfHJf;¡,¡¡ ,,i.,.t t IJt 
¡•, ' ' • 

¡,¡,¡,., 111111 Oltl lo ln 1 r • 
} 1 '•r • 1 .,A• • • 1 • • • 

JJH>lt' dJIJ¡cult ro lllt'.l'lll<' 

1 11_ ! ! rl' tÍ "1 P 1 •' : t ,¡1\ 1, !~ 

1 ' 1, 'll' 1 (.'~(;' fll J ~ 1 1 'l. • \ ·' t' \!. 

· rl!u ult' l')i'L¡l '111r.' .. 
•lloi '>tfihlltO!<"•d!IIJ-~ 

l1 1 l ' ~ .1' • • 

tlllr 10 \,tlue \l'ltilr· 11,11: '' ,'•• ,l1l':1 ,hJH>II'Il." f,•r"' 

Cx':t,·n·l~!c-. '""'~( !l,'e, ~~:,,l·t~lt'lrr, r11du"'''L' ~h,13 "''gt.•'' 
' ., • l ,., 

,;~~~(;l!~(·r:.r¡tp! t.'Cúli•>ll'lr..·\o .•11•! '!<»,M~II\111\l.' In ¡¡.,t~ 
~~~~\¡,,¡_._ ~ 

__ ;t'~t..~1,,¡~~J'i,t,y,,to 1 '·'i.tfL~![ c,ii,Lt,l 1 dJCJI !foJ<t' ie11tl fo~ 

tl,t~ '.'l,',',,~•,f i!"lu;r~l··!·ifl,." • .llt•'\1' ,•, .11 i.tilll'' .>111!"' 

d1t_ll_ l~'!:'.'(~m~llll!\ ~1,<, "H' ·11<'11, dtlitH'd. 'll'1•:·•· 

ir~l,I('J,;, IJUJI lt,l¡t{Jit
1
111l'"' ... cd 11 11fiH.t'' .:r¡tf. r!te "~ -: 

4 ¡' ~ ¡ ' ' ' ' • 

~JorrH r.,rron ('<oJt,,>lll!l'' of'f' 1,111 1 !r.HJ«,¡ t''>r.dd;~t¡-' ~ 
!1, •l 'l•.l. 1 •" ' •. • - • 

~111<, 1:1~. ,11,1,'. 1;[f,'>n hl'!l, li!'L.fl)' tlllllf"l\lt>IHI:¡ .\'l'l•.l·:ll-

r/ic..,(' idt<l-1 t ,í!i~htc: ;.\r gcu•cl .d,,¡J• ol<•lf!"-t,i!\ 1 ~1' 1 '', 
¡ ' . : ' • 1 1 • \ • .. ~ • • ' • 

dt "~11, 111\0IIt: 11ftn J¡.,, 1•11' d, 1to ~t·; .\IJl .III''!IJ!'', 
!::.'1 "' • ' •• 1 .,, • 1\ • .. 

t!tnr,tr"t'[.,o.r .. <,'~t,l,j',ner;'.l·•' .-,u'\' v· l..nN'''I'''.·'' .¡, ~,., •. ~ 
\('!\' ddi•1 IJJ[ 1(1 lÍt• ilot'IIJI ""'\ '1 :'JII 1 ÍIH,,t 1!\' 1\l•:ll> 

lll' •'· ,. /' ,,,, ¡. ' 

frt~p,(·, ul') q:~~.t~ll.'.'·ll,l~•,ll .• uul 1 11 ·:d!~t d 1
1l' .1~1d1'! · L 

i! 'j~ J,¡ J.;IIIIIÍII(\'o lO ,,l•l(II'·.JI l!t,II.!ÍII 1 'JIIII', of :ritt•:•\• 
• !,1 11 i' 1 

1111~11} .~';lll.e,_ '!~f111 1h!i<,ll1'1), \\'"·': <l\t'l ~llt.olll'' d(•cl";, 
,ocli:< ·¡, illdll\lli.d ,),)(,¡[ÍOII .. ''":' l";,.r.¡,.,,~ o'(c'•' 

.. t ' ' ~ 1 • ' 1 ~ .... • .. - • :J 

f{''>Íd( IIIÍ.d lúC.Il!CJII :11e ,III•IIL': 1l!,lll,tiJJc' :1111~' "' 
1 ! 1 r .1 ' ~ ' ' ' ' ,l '•' • ' ' • 

iBIIt'1 11,1h,f~,,~9, ~f'P!lfl 1 ,(f>1~I(IOII,I . ; 11 , \t<
1 

'1' y' ,,11.1 

Iri du: :tll',o of, n>ll\llllll'l'• l,d,,,\wr. •\oun·:drf:.·' 
fiCiili~ ·,~·'.,;;·,o;i·u';_';";'¡t; -~~~. ,',ti ,j,',,, '' ll.ltl: 

~!_t:<:¡\,·,',f,,, :111' maclt· 1,1' 1{1:1•·· '""·!''· orltt '' l1y 

]!OI"l'IIIJ!d~, ,lfl<f )tJif O!ht'l'• j,\ 111dÍ\ llilt,tf, !11 

a'"'"" ltold colllt''l. 1 ht'\1' "'"' 11ll••, '"'"1 lw 
f.u,~d' '" ,i\<· .. ~~\,~r~ d( ~~~~~. IJlll ~~~, v .111 Hl. ll\1 lv 

' • 1 ' 1 1 1 

r!Jj, h Uol .1 IJ.IIIHULtrf\', r~JflfJg'11 \'IJti(J\lll JI) '- iM"IIIJitcl• (oJÚ.:u ' 1~11ÍIIIfl.lllt011'-h l h lf¡ dt of ,;r~· '1 
• • 1 ~ ' • ::.1 \ ~. 1 1' ' • /1' t JI j ,¡ ' .. t. ' 

,'Jf, fl•",t J•l'!f!JI,III.II!tl, iJlll1•11 ·1~ t!t,ll 'lh,lt g~<g,llloll ~OIII,C JC~< ,il<l!t'l;, ¡
1
" I!I,IJI\ lll<l\1 ,j f.')' 

1 • 1 ' J, ' ' \, 1 ' ' ~ ' l 1 

11 1.,,•\' LC>Ihll,llllC, ,1 )>.tll l'l ll'illdl wdl fi.IIC 10 , d ll ,· tf,ifr.~tillll:~.,,lrt' 111!1111(.!1 In dc,d 1111111"1,11<'\ "·, 
1 \ ~ 1 1 ~ • ' • "1 ó ! ~ 

Lt llJ:tO\('d bt·roJt; 1 .1,'1!1.'.!,(dft,tLcd· pro,1~1<.'~~ Clll · ~ llll'.lll,, .trHI Jltf•dJ,JII.., of· .1rc.d .tLU~Ic l~·'''"''", ni 
IJt 111•( 1t ,_. l\'111.1'~ 1 
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1 
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1
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\ .-, .. • j !" 1 ") ~ '1 j ) • ' • • • ' ' • ¡ 1 1 ' ' 

lc.:¡,,J tlOIIf) 1 111t:t of ~l·"· IJI 1 ¡oglrt/111 ,,.,,,,nt 1 1 •ft'tf f'h···~ch'rt;·i(lc'l Jl!tJ(It·l ,·,, '''P·dh!Jihlll!fjJI, '•' 
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\tiii'Í"Il' •n d,,,,u,n lwh.t\lnr her:1u~c it re .. 

t¡llll•' .en ,11\',1 '!"' d¡¡ dt·lt'lllllll.lliOil nf the 

1''"1'"11'•'11'> o! '""'~ .cnt! ''""t t!ip,. 'J In~ >pt•ci­
f~. .ill•oil .llt!lllllll' '" .1 '' llt'IIH'IIt th.lt rlu• htlt.t\'• 
Íul 111 illl' llll•tlcl i' IIIIOIIIJ>)c·tyJ}" ~t:f1111.:U, 

ll1o" ltluo .t•.cnd 11
11' IIIIJllltlt a.;'lllllJllions of 

Wt11k111~ 1\ltll 1!""'1'"' .1H'.t d:,¡:,· by mi11~ in· 
di\ 1• 111 d PI illliÍ't h,Jtf lll,,l'II;:JiitHI~ t'IH Ollllll'f 

·'"""" r !t "'' o! "'"" uhy tdncl1 hclp~ to lluci­
tf 1l1' t1t<' !""''" 111 o! ··~~~··gation. Hrhavíoral 

nwd,·J, of "'"" ~tlu.tl ·""' homeholct <.ho1ce in­
'·"'·""" f'l11c 1

1111' lt ,¡, 111 1.!11d1 011ly a >1111!! 

l'''t o! r '""'' IH h "'"' "acll'qu.~tr·ly e'pl.H11ed. 
'1 'Pi<.tl "''·!!,(,,u,, ol dct<'lllllllation .nc 111 thc 

1 "'~'· ol • "• 111 ·'1" \\!u le th~> nuy 1111',1'1 111 
'""" t ,c\f'> th.:t t1ll· 111udt b .111r! tlll'one> cm­
"'")''" .lll' il!,l!il !JII.!H, ll l., 1!10'0.: hkLJ)' 10 Ílll· 
c•h 111.1! J.,·l:.l\ 1111 1'> lllliliC.:IICed -~y __ lliOIC 01 Jes~ 

lillll'l"'" .•,¡, ,,;,,;ll,d .llhl !''•'•' IIIJ!IIgic.d LlliOI~ 
\\ 11!t !, j,\{ l',t'>-1 "' •• 11\ IHI-C lllBt:) III.IY ih:~ '-J{,\·

0 

!Í•Ii!.di\ cil'lldlll!ctf 111 tJ•~ JH;!Jlli,tiiiJII i h·e, 
,•, '"·"' [e~ ni.!,"' o!-,",.;,, 1t ·dz.,,l(ll h to·l,,,ow 
\t!'l'l; !;1 '111)1 11\IIIL'; lll. l~kl·ll·;ry_' l•hl'~c--f.HIO;S, 
,1111! 1~!11·~ to ;IIIJO.!tltl' .l!o'>lllll¡>IIOII~ ,.lllllll thC 
,¡ 111~1<; cl--ll.ltÍIII' ·,,¡ ¡'!;:¡, di>lflhlltl(llt Íll- tiiC• 

: !':'J•II!t~llll~ \!1<; lile ill'>l ;L'(IJLII>C 1'> l''l.h.n~!Llt 
'01, "'" !·· 11 " 1 '' 1111.; 1111 t!11:1 dcve!oped, it •~ ap­
p llt'llt llt.•t rito: ll.lliiiC ol the ;,,.,umptions 
.tluoJit th<' 'l.lti>tiLd d"rtd•ution., of IH.:havior 

;110111!.! lill'il "'"' tH·d '>l.ill>tic:d lllC::.II" ni.IY 
>IIOII~:v ',illctl the '''·'"'ll''"'tie> of then .1g· 
~lll~ 1111111 \, .1 '1111p!t e ... .IIIIJ>Ie, J h,l\'l' df'lll· 

i1\'''"'"' •<b•·"h"e tli.•t 11 -..hneulci'> I. ¡>a­
LIIIIllll ,1'> ·"~11111«1 lo)¡ 1\1' ,1 Clll.llll '>l.llt.,lit.t\ 
,1 ,¡¡ .il!IIIOII 1,;1 111'1 ¡1¡,¡11 Ja·i11g l! ... c::d, 111'> morid 

1•111\11:, ll.11lih '" .1 111odd,et! ~1.1\ll)' motlt·l or 

ro ., '""'''''"ti "''"'' t 1 <11.•1111)' con,idt·•ablc 
>1.11"''' d ,.,, .. "'''' 11dl !1~ lcr¡uncd to explore 
1111' 1'"'' ,¡,, 111 lu11 he·• 

1 l111' ol li1< lllllll '"IJtlt• :ualnq~lcrterl ;¡~nccts 

of 1111 ·'"·':''" ol d, U>IOII liiiiiS ¡, ~~~-'.'.:le_'!~ 
tlll' 111''"' \ ,,f 1111' 111111 111 11'> i>l'hd\ 1111', 1 o >OIIIe 

·, ... 1<111, !111 J:~'''•l\' t¡J tC::ll.llll lll~ih ¡~ impl1lÍt 

111 1!11 11 ·.•.11c ¡), 'LIIflllllll--1111 t':o.<~mple, a f.nn-

1!y 111',111 ,,g,·d :·o " 1"'1'' d.!y ll'«t ntlv m.trrlc<l. 
1:111 lolhCI ,111d IIIOIC .,u!J!lt: hi,IOIItai ,IS[llt!S 

""')' ¡.,. o\l'llook• d. lt " q11:1e e 1t·,lr, lor in­
~l.<lltt:, th.tr tlit• l11''"'" ol lllllll\lll.d C>lahJi,IJ· 
1111111\ i'> lt'l.llt d lO llJt•IJ ll'lldtllt 10.:'> 10 relOC.!lt: 

.111.! llll' l'lhllll !1 11 k~1~11111d. ol 111 di\' ]'OJIIil:~­

trnlt J:\"ll}''"'-'.., 1t'L111 d ~to thtll ~ llflltt~- of Jt'~': 
t'' lit<', 11 !1.1' t\•'11 IH:,·n IL',,._on.d)ly :,ug~t'.,tl'd 

····'' ((•ll'tiiiH r t!ltllll uf IlllHit' <,• 11.'\('! ,, rc 4 

lalt el lo dw indil'it!nal'5 hi<tory in learning to 
d 1 1\ (', 1~ltt:'c~);_l:• ¡lll~.t 1 ~ ¡'(;p.:u ~. (;r __ th~- o_ch.lvior 

~~~-"'.'e '"_m,_unit'. ho~ve __ l_,,_,, •.ery_impOJt;Jnt n·: 
l.•I'OII>illp> ,,.¡¡J, more g(·¡p r.d wstems .lllaly.,,, 
1 1•e l¡j,¡or;c.ll ;~,pct rs of ·Ir r "';)·"' a1~ c.ln·,t·lv' 

1.1('11 111 ¡11(• 1 ... 1-CII; c:f ¡l¡.C ·J.,~~ in- 1110\'Clllllll f;. 
w.11t! ''"<';ll equddlllllln·: .111d o11ly >y>terns iri 

·,d11c lt t1H hi>lorv of tlu·._,~l;;--unit~ i~-- unitu·· 

P"''";,(- ~;in·-~,,pi•lly - .. Ll•i•·ve"i.:qlitlihtium Ar 
tl•c ,,,m~ time. thc ilollútlllt 1ion of these his­
tOIIl'> is ,t mc.111~ of ,Je;¡ljn~ quite explicit!y 

"id1 llf'nrl data, wuhn111 at the ~ame time 
IHIIirling- imo thc theory an ass11mptinn th::tt 
tri 1111> l\i!l indel¡nÍrcJy COIIIiiiiiC. lt shou)cf ue 
:q'l•·•n·nt li1.1! ""' hi.,llnif.d approath does not 
Jend ihr·Jf tll (',I~Y app!H:IIIOII lll a¡.;~rq~,I[C dat;l, 

;,¡ !t-."t 111 ,IJ¡,tJy," Ami !Lth.c . ..Jm~or.'t._,., __ ro •. he. 
(llll"dtrcd 1Jl'_C0!11f: ll:ry lOIIIJllf'X,. i!H·¡, _\fOIJII' 

l.11 '" nH •'~''"' .11c .dmo>t_ rc•¡•11rc¿l lo1 .1n¡ pi u· 

ie""'" '"'"''aliOli'> • 
!11 •ltc il!•ht oi' .I11S lll'Cl's,arily inrm1•plt·1e 

n·•·•ew, w¡ may Jll>tikillly wncludt, I f<:el, th.tt 
a tl~t·orlii':Jlly ~ounrl ,,n,! s1 ientiflc approach 10 

~Y~It 111'> '""ulat1on of ILIIl'•J>Orlation anrl !and 
m,· wdl rt'qllin• a J!;TC::al de.tl of n:thi11king of 
our thcoJ y of decJ~Ion-unns' behavior. ' 

1\II'UCATION'i FOR PLANNI~G 

Ler us now ta!..e a britf final view of the worka­
tl.ty nnpJ¡c;¡tiOIIS of thc typt• of prug-ram \dlll h 
l h.11e ~ke"hed aho1e The cssCJllial clémt•nl> 
of 11m approo~dt ,1re !olX in number. First, >incP 
SOIIfld theory h." so rnuc!1 to olfer for pracru .d 
¡HogrC>'>, tl1c w01k oho11IJ be orga11Í1cd on ·• 
>ticlllllll ~arhe1 (t;;-,n--a -n;,;~¡'on-orwmed .~, 

·t,.l '"'olo~•ral _b.<'i~. \\'e would thus .dso aH111 1 

dll' dangcr> impl1cit in haiiiC>>ing the>c acti1i 
ti•·., to ouiJOptimal polic1es. \Ve wotdrl rc::ly on 

the >OCI.tl al](! polity mouvations of the >cit·u· 
tbts to maint,Jin a we!l dircctcd drive to\\alt! 

u(um:11e application. Second, we would view 
the~e prohkms a> rclau·d to leltain real wmld 

~y'>tCm~ and would deepen our dlons 10 .'~!.~'-'' v•: 
~lltCl''>>ful thc::orie>, o[ the opcration of ll•o~c 

>y"c.:m-~. ·¡ hi1d, we ,; ~-;lid g(vc .. ;;PP~'~P• ;,;í~: ,,,. 
o~;111io;, 10 the nccd for thc _stuc!y_of _t!•~¡ !1~'· 
1!.11 ior of dr·u>IOn units 111 the tOillq.t .,f 
l.'"'''r -~prcÍII'> '' 11ich c1c.tt~ tiH'ir- cn1 irnn .... · .. ,-

.,' • - • , 1 

r:,.,uth,' we '""'~<J. g11·e e'plicn rerogni11u11 ro 
•: , theoretical PI.uhlem ol communicatio!l Le-



.. 

•"' •·n thc >:>tcm~. sub~y>lems, ;.nd derision 
: fjf¡!(" 1\'l' 1\ot~id ltCognÍLe-~tlrat 'thé ~iope 

•1 ,.,, ÍII\C,I•g.rti<Jil> \\'llf u:quire the UlllnC..I­

,¡1 uf P·" !'> u1 dlllt-rclll t!•>cipllltcs in.in;tllu: 
·'"'~ .1-flt! Íll lll<il\llllt,l 1

\ ~1\.tlr, wc would rcc­

lt"'IIÍlt'- tlr.rt .111 a ~pt:u~lly defmcd ~eme ~h_is 
\'lud ... i; Cl\pcrimtrll.tl iu tlae best tradrtions o[ 

(<1;t~o~ci~t~t.;c:l~;(-< :t!.@J!!}~_.0!,.(_e~i!~'- iñ~¿!_'tªI 
ll't:ilwtl_\\lill.n:qurre_>pc~ial com)ilioH>_ [ur_ 'u:· 
(,,.,_ 

!t woul1l sccm ro me that the scalc of thcse 

prP'Jit•nr~ .rncl thur rmpurr.rnce f01 louf,\-term 

.·'"llty dc\eluprlll:nt ll'lld to argue irg.tiu>t Sl.ll· 
.... nd Tt,t:,llllr 111 tunneuiol1 wl!h ~pcufrc proj· 
~Cl> <'. • Ir projcu; 111 .llly l.t~c tend w .rttempt 

ro r. ,, .. t'rcir 'IIÍ>>ÍOII 01 icnt,nron 011 imli­

' :du.t! n >L'.Jr< lrt'h. 'l)r,!; __ J:c~uiung_ten>.i_on be; 
t\\'tt:ll r'll' <~l',¡\e of tire re,e.rrdrcr lo ,,,u,ly I~L'> 
,,_!<;,.,¡,e 1011•1 '<'111~-.11,;1 the ck,ne of rhe.nr.rn: 

.··~<1111'11! tu <J;tt rhc jolr do11e >OJJJt:time> 1Joulc1~ 
011 tlrt tr.1gll

1 
or th<: tOIIliC In any t:\'t:lll, t!r'e 

¡aJUI; 1em> .ne ul gt'llt.'!'.r! ,l\;d 11a1ronal ~i,_;-niii­
L.tll< <!, ;urd if IIOTihy uf con~ider.ll!Oil :.ltoultl 

11u' be tlwrgcd to !oc.d or to >JH'(:i . .!-¡nlrpu'c 
~rudu·,.·It i. .rl>o ,qlp:ilt:llt th.rt lht: varicry of 

o~bd11y ,r11d l...nowlulge r c.:qu1rcd lut .111 .J».IUit 

on rlre,t: prui)lt:tll> t.tll J.rrcly be a•,cmblnl evt:n 

in .r.l.rrge ~rud)' of .111 .rd !toe n.l!urc. ~;omc· 

quc111ly, m.ury :~r~l':__~-~~du.:s are re¡,catin~ the 
"''" :-. __ .rr·r-d_~ i ;Z.r!Jt;r rr.1.tt11g __ t1 ;-__ e_~ 1 ür ~ --·úr- ot11ei 

Sltll 11t:'> for l.1t:.. o! ll''"lllt<''> to ~u friitlrtl--;·11111 
tri',.,-\~ lli~I'Jods. l'lll.diy,'t!r~·¡-e- .lll' "lir>u•;drl~ 
rl('ll!:lt'> ot (0!11111;;-,ll.llJO;; -\\'lt 1•Íil ¡}¡j, z·, iur.lrfl~ 
t UlllllllJIIIIY_ ll,llltlt 1< ~11!1 ftum tire t'l.tt.:~>il~ 

fr , ·1• "'111.1 !iOII tal t·llt 11 t 
~ i ,ttl<'ttliun ti< ,.;¡s to he de\ott•d to tire 

ft''!llllt lllllh .,f ¡!Je_ t'\!lt:IÍIIICII!.tl lliCilrOd in 
tlt•, flt!d (, Oll>:dl't, f.,¡ l'\.,IIIIJ'JL, ¡J¡,¡( \1'<.: .tlt: 

dt~'!.!lllllg ..1 l..IIJOI.IIOl y fot ~Ou.d, l! 1 1gllt('t'l Íll~~' 

,'111! i':,tlllllllg IC>t:.lldl. ()UT t\.JHIIII\LIIt.d lll,l· 

!CIIJ> lll>lC.td of \\'111!1' 1;11-:z ¡~ l ~-¡, lh!\~~:~~.11:: 
~hor,t lllt'llí![!SJII_tall_,•ll~:r., __ :rlld _1< g1011', 'JirL'.e 
t!.t!J ;llll~l lllLC! lCI!,till 1 lf.\IIIOLI> ,l,ltlll.i!th ollid 
!Je \\'en ot~:.~.~~~~~~ ,trH! ':í~tc~:,,IJle. ()ur tu~lÍ;l t:x~ 

. o -~ • ... ~ --- • 
!'lrtlllciii.JI_ roolt~ p1ou.rhly th.~.-~ourprllq, IHtL 

titl> wrll rllcllll!e tire. soln1.tr<'_ ut "l'''t.t!tll~ pt1J­

:;r3nh "hich e1ubody lll.tlty_ 01 lllll>l •d: rl1e_ • le¡ 
IIILII!,t;y .!JI~lt »~'\ of_ !>111\lll.iiiOll .u.J_.tll.ll\>~ 
\\'hrc1r. \VC h.tvC til>lU\'t'ICrl ()111 ¡·-..¡H 111111 lll.t! 

·t 1 f'''~li-!~ :1 nrodl'l,o~ g10up_ of_rll;;,l~_¡·,.-,,.l"'d ur;_ 
1111 u•~ ,n,.\ '1""" ,,:1r r·-..¡wlt•lll 11t.d tll.ll<t • d 
f,t 1 t'~tl .'llll IHII ¡ ,.,·¡f•Jillltlll.ll 11111 1 ~ (tOilljJII;l'l~ 

..IILd ')IJft\\,1{(. 1 j ~~ .lll\' bUUd l:)\.JH 1 I!Jii rtt.d (1L-

sign, ...,,. are :;pt '" d1M "' "' 1IJ.ll ~orlle ~rl'< r.,J. 
prn¡.O'ol tonb 11 tll h:ne lp i>e m:,,¡;:~-=~;,-·,¡,,~· 

.. CI't', d,·t.IH\~J•''': '·'"'"~\\ 1· 1}.1\e,lo l;e wr:lll'll 

:rntl 111 >ullle l.~><> 111 w <' 1, coi'CLit:d. '! 1!1' ~~ 

~('lltl.d diJJl O! .tll !.X,pllt 1 ! ,,, \\ :IJ ],t'• [(J Ul,t~C 

tllludl t<.:>r> e;( dt• 0111:~ 1 , 1 oud L'Jltl lllll'll1.JI 
de,lgt! --.urd thm t·• t!cu:l 'm· e:-...rut¡;lc:, 011 ;;-

cien uchnirion ol rhe 11 !11 ivc meur~ uf 1hc: 

gravrty IIHJ(It:l, rht: Sthw "'1'1 morlel, !he l'oura· 

Lllll\ lllodcl, aud 1lre 11 •1 •" ntodl'i of 1rip dr'>· 

trrlllt!lon. Tire (W llli.rl "',!1 dH'IIt fut ptogtc>S 
rrr .lddllwtl to .rll tlrt' lllt 1" ·, '"lit< Ir 1 h.rve ,o 

f.1r dt'>UI\>1'¡} 1) ljlll 1 k l\1 1 11 .<IUltlld 'U :l!:rt t'X• 

J'L'IIlllt'llb III.IY i11 l.l)ll•ll•,• t'dtllltd <>IIIC'IÍI~··y 
... ,le l 1L-,igTicd_. J ·\\t•~dd C".l 11.11.1:l· dt.lt 11r·dl r t lll·~ 
ltlll tllildtt:Otto, ll'lllr 1" "111 .. 1!1' 110 ol.ltt!l!ll~ 

ollld, ol 11.1!.1 dlld wulely rll\t r>rh,·d )'lo>gl.llll,, 
1!ie tt.rlr .lrdlltH! 1·111<' ou ",¡leltlllt'llt.d h->tk .,f 
1

1 11'> 1~1"' 1!. lllllg'rl) rlnr ·· lo 11\•: )l.llo 'll:r, 

ltlllt' >'1ort!d ht: lé<lru•··l ''i' ·' !.1< 1111 . .,¡ tlrrLC 

ur llllltt·, .11rd 1!11 llllll• ''' nt l!•t' c'l" 111111 11l'o 
>!ro11l11 t,e !.11 llt!llt: <UtHI•I'.i,·C' llt,!ll 11 ¡, tud.ry. 

f ht·IIL'\l' tlt.!l 1111'\f! •.1 r•t:!.111 1,, IHllir ol titt'O· 

·•1' ,1( hlt'\,li>lt·, ,,d th •' 
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