Y DENTRO DEL TERRITORIO NAL,
ART.17 LEY ORGANICA DE tAUNAM

CIRCULA LIBRE DE PORTE
POR VIA DE SUPERFICIE

INSCRIPCIONES

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

Palacio de Mineria Caile de Tacuba No. 5
Meéxico 1, D. F.

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

Cuota de inscripcion $4,500.00 e pAA EA plA“EAcI"“

La cuota de inscripcidn incluye:

® una carpeta con las notas de los profesores "IEERAE nEl “sn n[l
® bibliografia sobre el tema
® tiempo de computacion i E IHA"SP““I‘E
® servicio de cafeteria “ ‘|
® comidas
Requisitos SoE CURSO INTENSIVO TEORICO-PRACTICO

q 39,
[ g:glzr‘;;;rlgtaa :e isr}(stcnpleén o traer oficio 5 Q DURACION: 45 h

institucién que ampare su Coo .

inscripciéon, a mas tardar una semana antes 8 % FECHAS: del 23 al _28 de enero

del inicio del curso cod HORARIO: lunes a viernes de 9 a 13 y
® Llenar la solicitud de inscripcién Qos - de 14 a 18 h

o8z _¢ sabado de 10 a 14 h
Para mayores informes hablar a los teléfonos 88 o 2Z :
S%he e Coordinadores: Ing. Agustin Paulin y
521-40-20 521-73-35 ( 512-31-23 3 o ; S3u Arq. Alejandro Villanueva Egan.
- e T m [
< PONSTAN L AGISTENGIA RIS voT oS80 . g -
B »;_LQQNST_A!}{'CIAP DE_ASISTENCIA . = = o : 5 3 '; - En colaboracién con la Seccién de Planeacion,
SR RSEM RSN e . ° DESFI, UNAM.
wlﬁa; a’-ﬁorid?desde“-la“Eé’cuIté‘d* dé’ Ingénterfade la - g gg o : 8
.N.A.M.;;otorgaran, unai-constancia-.de;: asistencia:.a ":3' ° c23 82 % :
los participantes que concurran regularmente‘y'.que [ 02§ sw® . - centrp de educacion continua
realicen los trabajos que se les asignen durante el<%: ' Oos a0 2 : division de estudios superiores
.. .curso. : AL T ~ - facultad de ingenieria, u n a m




ANTECEDENTES

Los modelos de simulacién representan ac-
tualmente una herramienta indispensable pa-
ra el planificador en el analisis de los efectos
de programas y proyectos sobre la estructura
y dinamica de los sistemas urbanos, déndole
asi mayor creatividad y racionalidad a la
planeacion de los asentamientos humanos.

En este curso, el concepto de paquete inte-
gral de modelos sera analizado y se realiza-
ran pruebas de. laboratorio para familiarizar
al participante en su manejo y evaluacion.

OBJETIVOS

Mostrar los fundamentos para el diseiio e im-
plementacion de este tipo de modelos, asi co-
mo los criterios para su utilizacion en el ana-
lisis de politicas, programas y proyectos.

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

A QUIEN VA DIRIGIDO

A profesionistas de equipos interdisciplina-
rios encargados de la planificacién de areas
metropolitanas y de proyectos especificos 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
)I\(/Illé'lgOPOLITANA DE LA CIUDAD DE ME-

G0t RTTRDG

CONFERENCISTAS INVITADOS

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

Planning Sciences Simulation Laboratory.
Departamento de Planeacién Urbana y
Regional.

Universidad de Pennsylvania.

PROFESORES

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

LABORATORIO

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

MESA REDONDA

Participantes:

SUB-SECRETARIA DE ASENTAMIENTOS
HUMANOS

DEPARTAMENTO DEL DISTRITO FEDERAL
INSTITUTO AURIS

NOTA:

Para las practicas de laboratorio se contara
con el banco de datos y la programoteca del
Laboratorio de Planeacion, DESFI, y la compu-
tadora del Centro de Computo, UNAM.
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TALIAD NATIOVAL B,
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centro de educacion continua

divisidn de estudios superiorss

A 1LOS ASISTENTES A LOS CURSOS DEL CENTRO DE EDUCACION
CONTINUA

& autoridades de la Facultad de Ingeniertfa, por conductn del Jere del
Centre de Educacibn Continua, ctorgan una constancia de asistencia a -
quienes cumplan con los requisitos establecidos para cada curso. Las
personas que deseen que aparezca su titulo profesional precediendo a -
su nombre en la constancia, deberé&n entregar copia del mismo o de su -
cédula a m&s.tardar el SEGUNDO DIA de clases, en las oficinas del Centro
con la sefhorita encargada de inscripciones.

El control de asistencia se llevard a cabo a través de la persona encar
gada de entregar las notas del curso. Las inasistencias seran computam
das por las autoridades del Centro, con el fin de entregarle constancia
solamente a los alumnos que tengan un mfnimo del 80% de asistencia.

Se recomienda a los asistentes participar aciivamente con sus ideas y
experiencias, pues los cursos que ofrece el Centro estén planeados para
que los profesores expongan una tesis, pero sobre todo, para que coordi

nen las opiniones de todos los interesados constituyendo verdaderos se-
minarios.

Es muy importante que todos los asistentes lienen y entregen su hoja -
de inscripcién al inicio del curso. Las personas comisionadas por al-
guna institucién deber&n pasar a inscribirse: en las oficinas del Centro
en la misma forma que los demds asistentes, entregando el oficio respec
tivo.

Con objeto de mejorar los servicicsg que el Centro de Educacidn Continua
ofrece, al final del curso se hari una evaluacibn a tré&ves de un cues--

tionario disefiado para emitir juicios anénimos por parte de los asisten
tes.,
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CENTRO DE EDUCACION CONTINUA
DIRECTORIGC GENERAL

v REGISTRO DL ASISTENTES Y PROFESORLS.
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L] L HEREREEN

8 13 14 NOMBRE(S) APELLIDO PATERNO APELLIDO MATERNO 41
REG., FED. CAUS. | CED. PROF. | B
4 51 52 58
TEL. PARTICULAR | TEL. OFICINA EXTENSION
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MARQULE CON UNA CRUzZ
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%
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FECHA

Enero 23

Enero 24

Encro 25

MCLEILOS D SIMULACION PARA LA PLANEACION INTEGRAL DEL USO DEL

DURACION

9ali2h

12al3h

14al6h

16 a 18 h

9aila.m.

l1al3h

14 216 h

16-a18h

9alla.m.

l1all3h

14 2 16 h

SUELO Y EL TRANSPORTE
TE MA

Planeacidn integral del uso del suelo y el transporte.
Panorama conceptual. Utilizacién de modelos.

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

Descripcidn de los modelos y las bases de datos que serdn
usados en el curso

Mesa Redonda: Simulacion Uso del Suelo

Modelos de Simulacion del Uso del Suelo. Evoluqu Mo-
delos de Inreraccion Espacial.

Aplicacidn de modelos de Usos del Suelo (comercial, indus

trial).

Fundamentos tebdricos de los Modelos de Uso del Suclo.
Teoria de William Alonso.

Modelo de Wingo

Teoria de Richard Muth

Modelo de Herbert-Stevens

Laboratorio

DRAM-Calibraciones y Resulrados

Calibraciones

Modelos de Transporte.

Modelos de gencracidn, distribuacion, eleccidn y asigna -

cion.
Modelos probalistieos y deterministicos,

PROFESOR

Dr. Stephen H. Putman
Dr. Frederick Ducca

Arq. Alejandro Vilianueva Egan

Dr. Stephen H. Puiman

Dr. Frederick Ducca

M. en C. José Luis Sobcranes

Dr. Stephen H. Putman

Dr. Frederick Ducca



M adelos dce Simulacion para la Plancacidn Integral del Uso del Sueloy el

.F‘echa Duracion
Enero 25 16 al8h
Enero 26 9allh
l1al2h
14 al8h
Enero 27 9alla.m.
11al3h
l4al6h
16 al8h
18 a18:30 h
'edcs. 23,1,78.

Transporte

-

Tema
Laboratoric
Comparaciones DRAM-EMPIRIC
Paguetes integrales de modelos del uso del suelo y el
transporte

Laboratorio

[Laboratorio. DRAM

Utilizacidn de Modelos en el Andlisis de Politicas, Progra-
mas y Proyectos.
[ aboratorio

Practicas de Laboratorio.

Mesa Redonda. Conclusiones
Participantes, DDF, AURIS, SALIOP,

Clausura

Profesor

Arq. Alejandro Villanueva Ega:
Arq. Braulio Hornedo

Dr. Stephen H. Putman
Dr. Frederick Ducca

Dr. Frederick Ducca,

Arq. Alejandro Villanueva Egan
Arq. Braulio Hornedo

Mart., Mario Rodriguez Greon

Dr. Stephen H. Putman
Dr. Frederick Ducca

Dr. Frederick Ducca, Arq.
Alejandro Villanueva Egan, Arq.
Braulio Hornedo y Mat. Mario
Rodriguez Green



centro de educacion continua
divisidn de estudios superioresi
facultad de ingenierfa, unam

MODELOS DE SIMULACION PARA LA PLANEACION INTECGRAL

DEL USO DEL SUELO Y EL TRANSPORTE

JUEGO PE SIMULACION "CLUG"
USO DEL SUELO Y TRANSPORTE

INFORMACION PARA EL JUGADOR

ARQ. ALEJANDRO VILLANUEVA EGAN

ENERO, 1978.

Palacio de Minerla Calle de Tacuba 5, primer plso. Méxicol, D F,



CLUG
*hkk

EL JUEGO DEL USO DEL SUELO EN LA COMUNIDAD.

DESCRIPCION GENERAL:

CLUG ES UN MODELO QUE PRETENDE REPRESENTAR ALGUNOS DE LOS FACTO
RES FUNDANMENTALES QUE AFECTAN LAS DECISIONES DEL USO DEL SUELO
EN UNA COMUNIDAD Y SU MEDIO-AMBIENTE EN TAL FORMA QUE SE SITUA
AL JUGADOR LN UNA POSICION EN LA QUE TIENE QUE OPFERAR CON LAS -
RLSTRICCIONES IMPUESTAS POR ESOS FACTORES. AL LESARROLLARSE EL
JUEGO, LOS JUGADORES ENCONTRARAN QUE HAN SIDO OMITIDOS FACTORES
IMPORTANTES, PERO LA FLEXIBILIDAD EN EL DISENO DEL JUEGO LE PER
MITE ANADIR ASPECTOS QUE SEAN SUGERIDOS POR EL USUARIO PARA HA-
CER EL JUEGO MAS APROPIADO A 3US NECESIDADES.ESTA VERSION DE -
CLUG PUEDE OPERARSE SOBRE UNA BASE COMPLETAMENTE MANUAL CON SO
LAMENTE DOS OPERADORES Y DE 3 A 18 PERSONAS. CLUG ES IO SUFI--
CIENTEMENTE FLEXIBLE Y COMPLEJO PARA PROVEER UN INSTRUMENTOC PE
DAGOGICO ADECUADO CON ALGUNAS APLICACIONES DENTRO DEL TERRENO
PROFESIONAL EN LA PLANEACION. AL MISMO TIEMPO, PROVEE UNA BASEH
RELATIVAMENTE SIMPLE PARA EL ENTRENAMIENTO DE PROFESIONISTAS EN
EL USO E INTERPRETACION DE TECNICAS HEURISTICAS DE JUEGO DE MANE
RA QUE PUEDAN APRENDER MAS RAPIDAMENTE A USAR OTROS MODELOS. EN

RESUMEN ,PUEDE DECIRSE QUE EL CLUG ES UN INSTRUMENTO QUE PERMITE
AL TOMADCR DE DECISIONES O AL ESTUDIANTE DE PLANEACION URRBRANA, -
PERCIBIR TODOS LOS ASPECTOS DEL FENOMENO URBANO A LA VEZ, EN TAL
FORMA QUE PUEDA OFRECER SOLUCIONES MAS COMPREHENSIVAS.




TIPO DE INVERSION COSTO DE CONS

‘ ’ TRUCCIQN -
Gran Industria 96 000
Pequena Industria | 48 000
Supermercado 24 000
Gran Almacén .24 000
Oficina 36 000
Residencia Senciila 12 000
Residencia Doble 30 000
Residenc_ia Triple , 48 000
Residencia Cuaémple 72 000

ANO
48 000

22 000

%

*

6 000
12 000
18 000

24 000

NO. DE UNIDA-
GANANCIA POR DES DE EMPLEA-

DIVISION DE ESTUDTOS SUPERTORES

FACULTAT DE

INGENTERTIA, UNAM

SECCTION DE PLANEACION

JUEGO PARA LA SIMULACTON DE SISTEMAS URBANOS

SALARTIOS

DOS NECESARIOS POR ARO

4

2

El Ingreso.po"r TL, GA v O dependen del nmero de clientes
obtenidos y €l precio cargado. Un ingreso bruto de $10 000
$15 000 puede ser supuesto antes de que esas unidades operen.

24 000
12 000
6 000
6 000

6 000

SUPER
MERCADO

O—n

2 000

4 000

6 000

8 606

PRECIOS TOPE

GRAN
ALMACEN

e g

1 000

2 000

3 000

4 000

OFTCINAS
4 060

2 000
1 00C

1000




DIVISION DE ESTUDIOS SUPERIORES
FACULTAD Dt INGENIERIA, UNAM
SECCION DE PLANEACION

JUEGO PARA LA SIMULACION DE SISTEMAS URBANOS

COSTOS Dt TRANSPORTACION POR CUADRA AL ANO

VIAJES HACIA:

AJES DESDE: )
VIA CENTRAL OFICINA EMPLEO SOMPRAS (TL) COMPRAS (GA)

Industria Pesada (GI) $4 000 $ 400 - - -
Pequefia Industria (PI) $2 000 $ 200 - -

Tienda Central o Supermercado - $ 100 - - -
Residencias por unidad (RI )* - - ' $ 300 $ 200 $ 100

* -
Para R2, R3 o R4, multiplicar por 2, 3 o 4, respeciivamente,



G LEE G COMPRA DE TERRENOS

EQUIPO:

LOCALIZACION

DEL TERRENO:

‘OFERTA $

@ Lﬁ @ ACUERDOS COMERCIALES

CELEBRADO ENTRE LOS EQUIPOS:

POR CONCEPTO DE:

Representante

Representante
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MODELOS DE SIMULACION PARA LLA PLANEACION INTEGRAL

DEL USO DEL SUELG Y EL TRANSPORTE

CESCRIPCIONES DE MODELOS

A

ARQ. ALEJANDRO VILLANUEVA EGAN

ENERO, 1978.

Palaclo de Minerfa Calle de Tacuba 5, primer plso. Méxlico 1, D.E.



TOMM :

( TIME ORILNTED METROPOLITAN MODEL ). 1.%G64.

;a~ TOMM e¢s un Modelo de Simulacidn disefiado para pronos-
ticar el uso de la tierra, poblacidn y empleo, en 10s
Condados de Pittsburgh y Allegheny, Pennsylvania.

Fue formulado originalmente por Lowry; Crecine desa=-
rrolld una versibn revisada y posteriormente, Tceplitz
realizd una segunda revisibn.

Debido a la estructura del Modelo, este puede adaptar-

se para ser aplicado a otras &reas de estudio.

IT.- EESTRUCTURA CONCEPTUAL bZL MODELO :
IT,1.- TEMA DEL MODELC TOMM

Los aspectos considerados son @
-~ Usos de la tierra.
= Poblacibdn,
- Emplec.

Bl Modelo divide el &rea Metropolitana en 16C
dreac, para cada una de las cuales considera,la poblacibn medida por el
nfimero dc familias clasificadas en cinco categorfas ( alto nivel, pare-
jas mayores, clase media-bajay; transicional y nivel bajo )., Lstas cate-
gorizs se derivan de un andlisis de factores de variables censales,

TOMM reconoce dos tipos de empleo : Dbé&sico y secun-
dario. Todo enpleco de manufactura, cuerpos corporativos, Universidades
y otras Industrias es ccnsiderado como b&sico. Todos los otros eupleoc
moyormente ccrmercio y ncgoclos, son consideradces como sccundarics y se
cocnsideran para servir solamente el Area del modelo, Rl emplco base es
considerado como fuerza motora del crecimiento de poblacidn,

El usuario del Modelo provee proyecclones de "empleo
blisico" derivadas externamente para cada 4rea de terreno, Rl acdelo o-

calcula entonces ¢l nfimerc correspondiente de viviendas para las cinco
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categorfas y proyecta los niveles secundarios.de empleo para balancear
la poblacién y las dos clases de empleo.

Como el modelo anade 6 remueve viviendas y empleo se-
cundaric &rea por A&rea, hace coantfnuamente ajustes proporcionales en el
"uso de la tierra", bajo las categorfas de :

. -~ Industriae.

Concrcliloe.

Residencia.

Terreno vacante.

II.2.~ FUNCICNES DEL MODELO TOMM :

TOMM es un modelo de eguilitrio, No proncostica & pro-
yecta, puesto que sno tiene un mecanismo para originar empleo 8 poblacidn
que cambie de afio en afio, Se basa en proyecciones de emplec bé&sico, po-
blacién y niveles de emmpleo secundario preperadas externamente y locali-
za estos en las 160 Areas,

El valor de este modelo es, su habilidad para mostrar
de qué manera sera distribuido entre las difcrentes &reas de la regidn
considerada, un crecimiento que ha sido asumidc.

La farcibén del modelc ec determinar patrones de creci-

miento y no montos de crecimiento.

ITe3.- TREORIA DEL MCDELO TOMM :

Para localizar viviendas en el &rea metropolitana,

TOMM debe considerar una teorfia de localizacibn. Esta teorfa es, que
la poblacibn debe localizarse de manera tal, que tenga cerca un centro de
enpleo. Este concepto de accesibilidad es expresado por una '"ley gravi-
tacional” : el atractivo residencial de un Area varfa inversamente ccn
su distancia de un centro de empleo. Ll atractivo total de un &rea es
entonces, la proporcibédn medida de sus distancias de todos los centros de
empleo, lo cual en términos matem&ticos se expresa de la manera sigte.:

160

Aj = == EE_ (1)
=1 Dija

Donde : Aj : es el atractivo del &rea j.

i ¢ es empleco total en el &rea i.

Dij : es distancia entre el &rea 1 y lao j.

o

o

a : exponente proveniente de datos empiricos.



Habiendo establecido el nfimero de viviendas localizadas
en cada zona, €l modelo las divide ahora en los cinco tipos familiares.
Cada tipo de familia es asumido para tener un-valor preferencial para ca-
da uno de los otros tipos, asi que su preferencia total para un firea es,
la suma uedida de sus preferencias vpare las viviendas ya en el sitio, tal

como se expresa en la sigte., ecuaciébn

5
Ny, . = (=- W o N'. . ) o H, 2
L,y =055 Mk e M, ) o 8y (2)
Donde : N, jioes el W .de familias del tipo 1 en el
?
Srea Je

\ N'. . : WP, N, . durante el perfodo de tiempo
1, ‘ 1,J
previoc,
wl,k : preferencia del tipo de familia 1 para
el tipo de ramilia k, obtenida de datos
histéricos.
Hj : NP .total de familias localizadas en la j.
Después de afiadir 6 remover las familias en un &rea,
TOMM actualiza su uso de la tierra residencial. La tierra vacante dispo-
nible es convertida en uso residencial, a la misma densidad promedio co-
mo en el terreno residencial existente. Si la tierra vacante no es dis-
ponible, la densidad residencial en esa Area serf& incrementada, hasta el
1fmite permitido por las ordenanzas de zonificacibn.

1T0MM aplica alpgunas constantes de "estabilidad" 6 limi-
tacioncs de cambio., 1 modelo asume que no seria razonable tener més que
una cierta fraccibn del movimiento de poblacibn, 6 cierto porcentaje de
tierra convertida de un uso a otro, en un perfodo de tiempo.

Si los cambios de poblacibn y uso de la tierra exceden
estos 1limites de estabilidad, dichos cambios serfn detenidos. °

Una vez ubicadas todas las viviendas, el prbximo paso
de TOMM es, afiadir 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 cn su distancia de los centros de poblacibn y empleo,

Cada tipo de familia tiene diferentes necesidades de

servicio, asf, unos requerimientos de Area variar&n con su tamafio y tipo

de poblaciébn, Esta relacién se expresa de la manera sigte.
2
160 d o E.+ == C, o N, | .
S, = = S =3 T e (3)
121 P« P, o D .+ Py o D .°



Donde : S,

expleo secundario requerido por el &rea j.

emplec (secunaario m&s b&sico) requerido

=3

en i,

empleo secundario requerido por el tipo de

o)

familia 1.

i p : nfimero de familias de tipo 1 en el Area 1i.
-2
Di j : distancia entre el &rea 1 vy Jj-
=
Pl P2,P3,d : son constantes oblenidas de datos
)

empiricos,

Sobre el nlmero de empleados secundarios localizades en
un frea es implesto un requerimiento agrupado. TOMM trata de mantener un
baleance entre el empleo y la poblacibn. El empleo al por menor, debe ser
suficiente para servir adecuadamente a la poblacibén, y la poblacidn debe
suplir el monto necesario de empleados., Para lograr este balance, deben

satisfacerse dos condiciones

HH
E

i

£ o FC (%)
TR +HH , B (5)

1

La ecuacibn (4) es el requerimiento de que, el total de
familias (HH) es igual al total de empleo (E) por el nfmero de faﬁilias
requeridas para suplir un "miembro de mano de obra" (FC).

La ecuacibn (%) dice simplemente que, el empleo total
¢s igual al empleo b&sico (EB) m&s el nfimero de viviendas (HH) multipli-
cadas por el nlimero de empleados secundarios (B) requeoridos para servir

a una familia.

IT.4.~ METODO DuL MODELO TOMM

£l método del modelo es, la solucibén interactiva del
Jjuego de ecuaciones no lincares anteriores, con sus restricciones,

in el modelo se realiza un ciclo a través de su progra-
ma, distribuyendo y redistribuyendo el empleo secundario y las familias,

hasta alcanzar un eguilibrio,



NIVELES DE ABSTRACCION : ILUSTRACIONES DEL MODELO
TOMM @

I.~- E1 ESQUEMA CONCEPTUAL GENERAL :

En el fondo de TOMM se encuentra una teorfa de in-
teraccibn humana, un esquema conceptual jeneral utilizado para explicar
6 el tiempo & el costo de distancia vencida en dicha interaccibén humana,
\

tal como se puede observar en el gr&fico anexo. (Ver pig. sigte.)

VERIFICACION Y VALIDACION DE LA SIMULACION URBANA :

La verificacibén consiste en chequear el sislema abstrac-
to para consistencia interna para asesurarse de que no han sido hechos e-
rrores légicos eu su estructura,y que no han sido omitidas &6 distorsionadas
relaciones esenciales. Eslo puede realizarse, examinandc primero cada con-
cepto 6 proposicibn a través de todos los nivelcs de abstraccidn,

Posteriormente, pueden juntarse varias combinaciones de
conceptos relacionados y repetir el proceso, a fin de observar que sus re-
laciones permanecen intactas. £n la verificacién del modelo mismo, debe
hacerse un chequco cspecial en sus parfmetros y en el método de seleccio-
nar las variables tipicas.

- La validacibn ecst& examinando el sistema abstracto del
modelo, para ver si produce aproximaciones razonables y satisfactorias del
mundo real. Una validez del sistema abstracto es.determinada por su ha-
bilidad de predecir el comportamiento del sistema de mundo real, el cual
puede juzgarse mejor mediante la comparacién entre los resultados (pro-
ducto) y los datos del mundo real. Puesto que ningfin modelo puede ser
perfectamente vAlido, la cuestién c¢sencial llega a ser : gub tan de acuer-
do con la realidad debe ser ¢l producto para uso préctico en la planifica-
cibn ?

Un producto del modelo de simulacidn urbana est& usual-
mente en la forma de datos '"de serie de tiempo'" (ej : distribucibén de un
fenbmeno en un punto en el tiempo). Para validacibn de datos en series
de tiempo, el anAlisis puede aplicar directamente varias pruebas estadis-

ticas, enfocadas en el nlmero de puntos, su tiempo, direccién y caracte-

I
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risticas de distribucibn de los datos producto, su amplitud, variacién a-
curca del significado y otros rasgos distintivos, Apropiados métodos de
cstadistica incluyen la prueba 'chi-cuadrada', anflisis deo variacibn,
vepresibn, anflisis factorial y espectral y pruebas no paramétricas,

La validacién de datos modelados requiere mé&s procedimien-
tos elaborados. Debe trabajarse en una técnica para la d:iscripcibn de
fenbmenos ¢spaciales, antes de que el analista pueda aplicar té&cnicas
estadisticas, La licologfa animal ¥y vegetal sugiere algunos mé&todos pa-
ra csto, Un procedimiento tipico es, diagramar el fenbmeno como una sce-
rie de puntos en un plano y los datos correspondientes del mundo real,
superponiendo luego una malla regular sobre el plano, ntonces pueden
utilizarse &res técnicas bAsicas para describir la distribucién del fe-
nbueno, ;

Contando el nfimero de puntos de datos en un &rea limi-
tada, ¢s el procedimiento m&s simple, Una vez descritas las distribu-
ciones, pueden ampliarse las pruebas estadfstibas listadas anterior-
mente,

Bl gr&fico anexo (ver pe.sipte,) ilustra los pasos § °
puntos a los cuales 1la verificacién_y validacibn pueden tomar lugar teb-
ricamente. Al menos en principio, la verificacién puede ser tentativa
entre cada nivel de abstraccién, trabajando desde akajo, mientras que
la validacidn es esencialmente una comparacibn del producto final con
el mundo real.

Conjuntamente, la verificacibn y la validacibén dicen al
analista qu® tan bien disefado y Gtil es el modelo de simulaciébn,
Solamente despfics de saber esto, puede utilizarse -apropiadamente—como -— — -

un "pseudo-laboratorio" para experimentos urbanos,
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ILUSTRACIONES DR VERIFICACICN Y VALIDACION DEL
ti{ODELC TOMM :

Bs pré&cticamente imposible por supuesto, documentar
una verificacién y validacién completa de un modelo de simulacidén repre-
sentando un sistema tan complcjo de poblacibn, empleo y uso de la tie-
rra, como lo hace TOMM. '

\ La verificacibn sigue continuamente a través de cada
paso de abstraccidn y a través del tiempo del uso del wmodelo. La vali-
dacién 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 llcpa a ser menos vAlido como la estructura

ddl mundo real y los cambios de fenbmeno.
I.~ VERIFICACION

La verificacién puede ser concebida como una vscalera
de abstraccibn "caminando hacia abajo", comparando cada nivel con el in-
ferior. ©1 primer paso es, quitar las fallas del modelo. Deben buscarse
primero. los errores del programa de la computadora, tales como, variables
que deben cer anadidas dos veccs, § el uso de suscripciones impropias.

liuchos de estos errores se revelan a si mismos durante
la corrida del proprama, cuando se trata de dividir entre "C'" & generar
nfimeros no reales, 6§ simplemente '"faltas & paradas",.

Otros errores pueden habirse realizado en la traducciédn
del modelo a un programa. Puede haber fallas en las condicioncs limitan-~
tes para cvitar el nfimero de habitantes que llesan a ser negativos, fallas
en la distindibn entre variables continuas y discretas, u olvidar de esta-
blecer condicionzs iniciales para una variable.

l'stos son descuidos qu~ el analista toma normalmentc co-
mo datos, pero guc la computadora no puede entender., No puede apreciar
lo absurdo de un &rea de terreno poblado por un nlmero nezativo de fami-
lias.

Bajando por los nivelcs de abstraccibén, se busca como
préximo pasoc, los errores en la 1l8pgica del proceso mismo de modelacibn.
Cuando la teoffa manejable 6 el juego de relaciones era convertido en un

o



modelo, el analista puede haber fallado i la captura de un elemento 6
acpecto del sistema. Semejantes crrores pueden revelarse a s mismos
solamente en casos cspeciales & para alyunas combinociones de valores

de las variables, y asi pasar inadvertidas a través de nuchas corridas
de modelo guc parecen razonables. Un error senejante fue encontrado en
TOIM despudsc  de varias corrides. La relacibn de densidad de rondacidn
a distancia del cenbtrode la ciudad, no habfa sido incorporada apropiada-
reinte en el modelo, y bajo ciertas circunstancias, el modelo tenulde &
forzar la movilizacifn de habitantes de los suburbios, cred una distri-
cuclén de poblacibn completamente irreal,

Desafortunadamente para la verificacidn, lcs errores 1é-
nieus tiendén a ser 1los mls diffciles de enconirar y su blsqueda forza al
analista a repensar las relaciones tebricas acerca de las cuales puede sci-
tirse inseguro. Por otro lado, errores de programacidén mencs criticoes,
tienden a2 llamar la atencién inmediatamente cuando el progranma estd co-
rriendo. Para vencer estc y llegar al fondo de la verificacidn, el fuico
recursc es una larga seric de corridas corn un modelo de trabaje, en el
cual el analista experimenta, hasta que pueda anticipar confidencialmente
su comportamicnto, fs c¢ntonces el momento para introducir un cambio cui-
dadosamente selecclionado y medido, para comparar el nuevo producto con el
obtenido corridas de prucba previas. Una vez que el analista est& sezuro,
y entiende el comportamiento del modelo bajo la primera modificacibn, a-
nade una serunda y corre de nuevo, luego una tercera y asi sucesivamente,

£l modelo resultante de este largo proceso de verifi-

cacibn es muy diferente de aquel con el cual se habfa comenzado,

II.- VALIDACION :

La validez de2 un mcdelo de simulacidn es determinada
por la precisidn de sus predicciones. Solamente el tiempo es ¢l factor
aue puede decir csto. Comparur el pronbdstico con la realidad eventual,
no ¢s una prucha de validez real., Pueden surgir condiciones que no estin
incluidas en la teorfa original del modelo para hacer su pronds ticc ias
inexacto, aunque la primera concepcidn del modelo era vAlida. Por el
contrarie, un modelo pobremente ccncebido puede dar un pronbstico exacto
accidentalmente, realizando una cosa correcta para una razdn incorrecta.

Tal vez el método de validacidn mbs comlin vs la predice-
cibn retrospectiva., [a simulacioncs mfs pgrandes esto es posibie solanen-

te para los anos 1.95C y 1.960, para lo cual hay disponibles adecuadcs



datos censalecs. 21 mé&todo es, insertar datos histéricos para algln afio
anterior y vnredecir los .datos de 1.950, comparando los resultados con los
del Censo de 1.950, i1 proceso os repetido con una predicciédn para 1.960.
Cuando los resultados de ambas pruebas son comparados, puede panarse al-
guna comprencibén on la validez del modelo.

En la validacibn del TCHM, este proceso no puede ser uti-
lizado, porque los datos censales de 1.950 eran inadecuados. Los datos
de empleo base mé&s recientes eran para 1.960, por lo cual fue necesaria
una prediccién inter-censal.

ul mayor insumo del TOMM son, proyecciones de cmpleo ba-
sico preparadas externamente. Afortunadamente, semejantes proyecciones’
eran disponibles para 1.960 hasta 1.966. Con c¢stos insumos, fue realiza-
da una proyeccibn del nfim:ro de viviendas y localizacibdn entre las 160
frcas para 1.966. Debido a la falta de datos actuales de las familias
para 1,965, fueron utilizados datos sustitutivos del afio 1.967, los cua-
les habfan sido colectados por muestreo para propdsitos muy diferentes.
Por --sto, fue necesario basar la prueba de validacibn en unz comparacibn
de las proyecciones del modelo de 1.960 a 1.966, con datos basados en el
mucstreo de las familias para el 1.967.

Un an&lisis regresivo produjo :

Viviendas proyectadas por TOMM para 1.966 =
= 08235 viviendas actuales de 1.967, con un

RS de +7354.

Esta es una proyeccidn de distribucibn razonablemente
buena. Otra prueba produjo 2905, de nuevo un valor razonable, conside-
randc la naturaleza del modelo.

\ La prueba de la "chi-cuadrada" indica la inapropiabili-
dad relativa de semejantes métodos estadisticos para probar modelos ur-
banos., Con 10U grados de libertad ( N-1 6 ¥ 160-1 ; hay 160 proyeccio=-
‘nes individuales y 1 proyeccibdn externa a TClM ), el resultado es aproxi-
madamente 21, una cifra semejantemente apropiada que se sale del rango

de la mayorfa de las tablase.

Los grados del concepto de libertad han sido aplicados
erroneamente, por lo cual la prueba del chi-cuadrado no es realmente a-
plicable,

s una l&stima que los métodos estadfsticos disponibles
para la prueba de validez del modelo de simulacibn urbana, parecen ser i-

nadecuados cn alpfin grado. La mayorfa de las relacion.s urbanas tienden




a ser cualitativas, interdepcndientes y no muy claras,.

Lus modelos de simulacibn son los fnicos.modelcs précti-
cos para uso en los esfuerzos de planificacibén urbana de algln tawmafic y
comple jidad, Los modelos analfticos son limitados, por falita de tecfia
y .or dificultades de formulacibn y solucibn.

Si se van a modelar sistemas urbsnos, debe continuarce
todavia por un tiempo, con modelos de simulacibn, a pesar Jde sus linita-

ciocnes,
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MODEI-O0D
GRAVITAGIONALES

m

EL PUNTO DS VISTA D& PROBABILIDAD

Para desarrollar y comprender los modelos gravitaciona-
les se adopla aqui un punto de vista de probabilidad bastante simple,

Se supone una regibn metropolitana de poblacibn P, y
se divide esta regibn en sub-ireas. Se supone tambi®n que se conoce 2l
nfimerc de desplazamientos interiores que realizan dentro de la regibn
sus havitantes, este nbGmero e¢s T= constante, Se establece gquc no exis-
ten dirferencius de gonstos, renta, distribucibn, estructuras ocupacionales,
etc, cuire las sub-fireas,

E1 problema uvs, determinar el nfimcro de desplazamientos g
que se originan en la sub-Area i y teruinan en la J, suponiendo que un
desplazamiento no implica ni tiempo, ni costo ( la fricciébdn de la distan-~
cia ¢S cero )o.

Zn esta situacibdn hipcrética se puede establecer que, pa-
ra un individuo representdtivo de la sub-4rea i, el porcentaje delsus via«
jes que terminan en la sub-frea j es igual a Pj/P,

siendo Pj : poblacibn de j vy
P ¢ poblacibn totals

Ademfs, por la hiv6tesis de friccibn cero, pl nGmero de
viajcs que la persona de la sub-brea i realiza, cs el promedio del nimero
de desplazamientos per chpita para la regibn metropolitana entera, y cstic
promedio es igual a T/P = X, Por csto, el nfmcro absoluto de despla-
wanklentos que un individuo representativo de la sub-&rea i hace a la sub-
Area j es K(PJ/P).

Como existen P. individuos en i, el nfimero de desplava=
mientos que cstos P. realizarin hacia la sub-frea j serd :

P. P.
r _J

T, . = K-"'L—"'"‘" (1)
1] P



De este modo se ha obtenido una estructura del vol@men

de desplazanientos entre sub-ireas, csperados 6 hipotéticos para la re-

,ién metropolitana,

El sipuiente paso consiste en determinar el efecto que
la distancia real que separa a dos‘sub-éreas, pueda tener sobre el nfime-
ro de desplazamientos gue se producen cntre ellas,

Si se obtienen los datos corrientes sobre el nfimero de
desplazamicntos entre cada una de las sub-&reas de una regibn metropoli-
tana, se representarfn estos por Iij'

Se establece una relacibn entre el radio Iij/Tij y la
distancia dij\ (ajustando una curva por minimos cuadrados 6 cualquier
olro mftodo), se supone en -ste caso que se encuentra la sigte., rela-

¢ibn lincal :

I, .
Log —2l. - a-p log d. . (2)
T, . 1J
i)
haciendo c= antilog a
I,. c
ij c T, .
.. = b 6 Iy —E1 (3)
iJ d. . b
iJ dij

Custituyendo Tij (ecuac.,l) en la ecuacibn (3), e intro-
ducicndo la constante G = cK/P , dcnde ¢,K y P son las constantes ya de-

finidas, obtenemos

I.. = G'—J:.——‘i— (4)

Esta sencilla relacibn puede ser aceptada para describir
el volfinmen de desplazapientos (actuales) en el interior de la regibn me-
tropolitana (describe la interaccidn de los habitantes como una funciébn
de las poblacion:s de las sub-4reas y la variable distancia, cuando esta
interac:ibn se refleja cn desplazamientos).

Nota : esta relacidn deducida desde este punto de vista

es esencialmente el modelo gravitacional, aunque este no ha sido desarro-

llado dc esta forna,.



€i se guiere haller la interaccidn de una recién con méc

de una de las otras regiones, se puede utilizar la sigtec. fbrmula :

P.P P.P P.P
- i1 i 2 . i
.Lil+ IlZ 4+ eveo Iln = G 1 i ’+ G 3 b 4+ coe G N B
il i2 in
n n_ PiPJ
= I.,., = G~ . =——— .
5o1 4 j=1  aijs° (5

Si se saca a Pi como facteor en la parte derccha y ce
. . a ' > 1
dividen ambos miembros :

n/
:b..:l. Ij_j /n/ p.
R § j (€)
Py J=1 d ;b

Esta relacibn muesira la interaccida ccon todas las &-

reas en términos ver clplita 6 mls estrictamente, en términos por unidad

de mas2. La interaccibn definida asf se le designa potencial de i (iV).

.”’ny I r_l/ P
iv = i=1 1 ! - G::__:. J (7)
p J:l b

i 4 5

HIPOTESIS STEWART -~ ZIPF :

En las cilencias naturales existen leyes tales comoe las
que gobiernan la densidad, la presifn y la temperatura de los gacses,
Stewart razond que; en la interaccién de las unidades sociales pueden

suvyacer relacilones similares, las cuales es posible descubrir mediantie

la investigacibn de grandes agregados de tales unidades. Pasfnsose en

la ffsica de llewton, presentd tres concoeptoc priumarios, y siguiendo la

fuerza gsravital, Stewart define la fuerza demogr&fica,
Cuando la poblacidn de las ciudades i y j, que se degig-

na nor Pi y P. se& toma como macas ~elevantes, la fuerza denogréfica £ es:

N



PiP.
F=G-=d (3) L=2
iy’
Stewvart desarrolla un sepundo cocncepto gque corresponde

a la encr fa gravital y que se denomina '"enerpgfa demogr&fica",

B =g -2 (9) b=l

Estec dos expresiones (&)y(9) tienen en el dij como
exponentes a b=2 y 1 respectivamente.

El tercer concento de (tewart es, el de potehcial demo-
gr&fico ( qug corresponde al de potencial gravitacional ). EL potencial
demogré&ficc producido en un punto i por una masa j, que puede designarse
por iVj , se define en un tiempo determinado como la masa en j, 6 sea
Pj dividida por la distancia existente :

n
iv = G<

P.
—_— (lC)
=1 d

ij ij

LY

g
I
C)‘
o F;U
)

Los trabajos de Zipf se asemejan mucho a los de Stewart

vpor lo cuwul no se tratarin por el mouento,

CULSTIONSES BASICAS DE LOS MODELOS GRAVITACIOUNALLS @

n csta parte se va a discutir cuestiones gue aparecen
particularmente en la aplicacibén del modelo. Un aspecto se refiere a
las variables masa y distanciue.

Zn los cstudios emplricos, la masa ha sido medida de
diferente forma, aqul se ha utilizado la boblacién como medida. S5in em=-
bargo, si se cstudia la migracifn intermetropolitana, el empleo 6 la ren-
ta pueden cer unos indices més csignificativos; la medicibén de la masa que
se emplee depende del problema a cstudiar, de los datos disponibles, etc.

La distancia se ha medido de forma similar. FEn cste
caso, se ha considerado una medida fifsica a lo largo de una recta, no

obstante, si se lleva a cabo un cstudio sobre tr&fico metropolitano, la



distancia en tiempo puedc ser iguzl 6 mids igportante gque la distancia en
kilbuztros. ¢4 se analiza el problema de localizacidn industrial, el
costo de trancporte es més significativo que la distancia fisica.

be la misma forma que la mediciédn de la masa, la medi-
cidn de la distancia depende del problema a abordar, de los datos dispo-
nibvles y de otras consideraciones an=sxac,

Una cuestidn bésica que permite elimiuar las nj plteais
de heomogensidad hechas al principlo, v¢s la quc se refiere a la aplicacidn

de las 'ponderaciones a las masas",

Suponiendoe que se estudia ¢l volfimen de viajes de pri-

~

meira ciase 6 de luje. Bs razonable esperar que un &rea con alta renta
ver clpita tendr& un volfimen mayor de tales viajes, que un Arca de menor -
renta., Una forma de corregir tal factor es, multiplicar la poblacibn de
cada sub-irea, por su renta per-clpita. De =zsta manera la ecuacibn (4)

se convicrte en

(WiPi)(iji)

Iij = G 5 (11)
d. .
1)
y la ecuacibn (7) cerf :
W.P.
v=o S - (12)
d. .
13

Es posible ponderar la masa con mls de un factor. En
tal caso W, y Wj representarfian ponderaciones compuestas (prouedios
que reflejan la relativa importancia de los distintos factores ponderadoz).

M&s diffcil que la seleccibn de.las ponderaciones 6 me-
didas de masa y distancia cs, la eleccifn de exponentes para las variables
en los conceptos de. energfa potencial y demogrbfica. Desde un punto de
vistia tebrico se pucde presumir que el exponente de la variable distancia
dij deberfa ser 1 6 2, serfn sea energfa & potencial. Pero numerosos
cstudios empfricos realizados por diferentes investigedores nc apoyan es-
tog cxponentes,

Aunque zs evidente que =1 exponente de d no ¢& necesa-

ij
rio que sea 1 & 2, todavifa no se ha hecho un ocstudio definitive de la cuecs-
tibn, En las ecuaciones bfsicas (4) y (5) estos exponentes soa
la unidad. Sin cmbargo, invcestigadores muy profundos han encontrado qus

la potencia a la cual es elevada la masa, podria ser otraz que la unidad,



N

[lje : Carrothers observa aue factores tales como las
cconomfas de aplomeracibn (desaplomeracién) implican que el exponente
que Jdebe aplicarse a cualquier masa, €8 funcibén de esta masa., En tal
siiuacién, los cxponentes de masas distintas serén diferentes; las

ccuaciones (4) y (5) se convertirén en las sigs. :

o< A
“.l(Pi) .\JJ.(PJ.)

I..: Go

ij dijb
/3
n_ W.(P.)
iV = 6oz b
J= lJ .

Mientras no se continuen investigaciones acerca de

cste problema, esto queda aun sin resolver,

PROBLEMAS LIl WL USO DE LOS MODELOS GRAVITACICNALE

CTMPLYES

. Ya se han tratado algunas cuestiones b&sicas en rela-
cién con las ponderaciones, exponentes y formas de las funciones. Con
respecto a los problemas relativos al uso del modelo gravitacional en sus
formas m&s simples, debe tenerse presente gue estos modelos pueden utili-
zarsé tanto con fines descriptivos, como de proyeccibn,

., Un problema comlin para ambos tipos de utilizacibn es,
¢l referente al grado en que cualquicr conjunto (masa integral, pobla-
cibn 6 aprepudo significativo) es fraccionado, clasificado en sectores 6
desagregadcC.

La nocibén de modelo gravitacional, particularwmente la
desarroliada por Stewart, corresponde a una masa relativamcnte pgrande,
compuesta por multitud de unidades individuales. Dentro de tal masa es
razonable suponer que las irregularidades, peculiaridades e idiosincra-
sias de cualquier unidad individual 8 pcqucfio grupo de unidades, se a-
nulan § compensan. #£n tal situacién la cléusula es v&lida en cierto gra-

do; por consipuicnte, se puede justificar una concentracién en dos varia-



bles bfisicas, la distancia y la masa, y cn factores que pucden sintetizar-
se en ponderaciones y cxponentes, excluyendo las otras varialles; par

2j. : para estudios de trAfico, cuando el volfmen total de tr&fico =& de-
sagre.a por clace de medios, & per finalidad de desplaramientos, por ti-
pu de ciudad u otra clasificaciba, las peculiaridades de cade categoria
tienden a ser mhs manificstas y dominantes, y la amplitud con la cuai un
mcdelo gravitacional describe 6 explica cualgquicr efecto (disminucidn de
volluen,etc,) regular,tiende a reducirse. De esta forma se vlantea un
problema b&cico @ por un lado, parecc conveniente desagregar y estrati-
ficar con miras a distinguir entre distintos exponentes & ponderaciones
gue podrfan emplearse para proyectar & describir las distintas categorias,
Por otro ladé, el wodelo gravitacional couo itécnica para describir & ex-
nlicar ¢l voltuecn de desplazumicntos con un prondsito particular, tiende

a ser menos fiable gque para cualquier estrato particular de una masa, y

si la desagregacibn c¢s licvada demasziado lejos, los datos deducidos pueden
llegar a tener una significacidn reducidas

Pucde decirse que la desagregacibn sc hace aconsejable
cuando es posible obtener informacibn adicional y precisidn, y adends,
cuando tal desagregacibn no destruye en grado aigjuanu la sipgnificacibdn in-
trf{nseca y la estructura unitaria interna de la masa 8 poblacidn.

Bajo cstas circunstancias, serf Qtil émplear diferentes
exponentes, ponderaciones, etc.

Cuando se intenta emplear el modelo gravital como algo
més qu: una técnica descriptiva, surgen todavia problemas de caracterfsti-
cas todavia mfs diffciles. Un obsthculo b&sico para su utilizacidn pro-
yectiva consiste en la carcncia de cualquier teorfa, para explicar los va-
lores 6 funciones que se asignan a las ronderaciones y exponentes,

Comunmente, la justificacibén del modelo es simplemente;
que lu interaccidn entire dos poblaciones cualquiera puede suponerse que
estf on relacibn directa con su tamaio, permancciendo todo lo demfs igual;
y pucuio que la uistancia implica friccibén, inconvenientes y costo, tal

interaccibn puede suponerse inversamcnte relacionada con la distancia,

7



MODBIELLD  1DE
ORORTUNIIAL
AGGIESTIBII-TTIAL,

= R )

mn cste modelo, 1a distribucibn espacial de una actividad
es vista como la evaluacibn sucesiva de oportunidades alternativas para
los sitios, los cuales han sidc ordenados jerarquicawmente en funcién al
tiempo de traslado de un centro urbano al sitio donde se guiere localizar
la actividad,

Las oportunidades son definidas como : el proaducto de
tierra disponible y la densidad de la actividad (unidades de actividad

por unidad de &rea).

=g
4

) (=10 _ o=1(0+),

donde : A, : actividad a ser localizada en la zona j.
A : suma total de las actividades que se deben
localizar.
1 : probabilidad de que una actividad sea situa-
da con un nivel de oportunidad dado,
0 : oportunidades que preceden a la zona Jj.

0, : oportunidad en la zona J.

©l uso de una exponencial negativa, permite que sean 10—
calizados primcro en la superficie de oportunidad, los puntos de m&ximo
acceso {m&xima oportunidad).

Bsta presuncibn es consistente con las observaciones eu-
pilricas y con la mayorfa de las teoffas cconbmicas que tratan del uso de

la ticrrae.

(@)
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OPCRTUNIDADES =

%1l concepto de una oportudidad para aseatar una unicad
de actividad envuclve el &rea de tierra y la medida de la intensidad 6
densidad cel uso de la tierra. En un anllisis de intensidad dcberfs con-
siderarse posibles cawbios de esta, debido a cambios en los costos 2
transporte, en los costos de construccidn, cambios en 1os requerimi uios
para localizar actividades y cambios en las preferencias y rustos d.- los
00sibles usuarios,

Por cstas dificultades cs bastante diffc¢id simuluar den=-
tro del modelo, la intensidad del uso de la tierra., La densidad ha sido
introducida éxégenaménte dentro del nmodelo: esta indepeundencia osermite
tomar densidades alternativas derivadas de suposicioncs 8 planeadas prefe-

riblemente,
PRCBALILIDAD DE ASKENTAFISZNTO nlwv o

Lste parf&metro es la probabilidad de que una actividad
sea .stablecida 6 cste situada a una unidad de oportunidad, Para una su-
perficie de oportunidad dada, valores grandes de "1" harén que el &rea ur-

bana sca mis concentrada; walores pequefios de "1" la harln m&s esparcidae.
LA NOCIOHN DE ACCESCS

Los patrones de asentamiento son muy sensitivos a las
facilidudes de transporte, En este modelo se enfatiza gue las zonas ur-
banas tenderdn a desarrollarse m&s rfpida y concentradamente, por los ca-
minos de minimo tiempo en las redes de transporte.

TLa nocibn de accesibilidad que se desarrolla aqui, se
debc entender como facilidades para el transporte y se toma ci considera-
cibn Jdentro de los parfmetros del modelo.

Kste concepto de accesibilidad no debe ser confundido
con los conceplos gravitwacionales de accesibilidad ( atractividad ).

Con todus lac timituciones de loc proccdinientcs de los
procedinientos de localizacibn, e¢s posible incorporar los efectos de los
camoios en los nedios de tranporte y en los accesos, logrando asi una re-
troalimentacidn entre el uso del cuclo y 1los sicstemas de Lransporte.

Ml modelo es fitil como una kvase para predecir lu distri-
oucién futura de la ciudad y sus huoitantes, asi ccme tambiln, la cenera-

cibn de viajes, igualmente, c¢s vosible evaluar lus pelfticas de uso de la



tierra,

los controles

de la densidad,

etc,
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BAS S,

( BAY AREA SIMULATION STUDY ) 1.962,
CENTER FCR REAL ESTATZ AND URBAN ECCLOMIUS.
UNIVERSIDAD DE CALIFORNIA , DLERKELEY,

I.- ObLJETIVOS :

- An&lisis del impacto probable sobre los usos del sue-
lo futuros, en el Area de la Lkahfa de San Fruncisco,
debido a cambios en ¢l nivel de emplec.

- An&lisis del impacto de srandes inversiones en trans-
porte, sobre la estructura y distribucibn de los usos
del suelo urbano, en ¢l &rea de la Eahlfa de San Fran-

clsco.

IT.~- ESTRUCTURA DEL MODELO

Bn el modelo BASS, dos sub-modelos de empleo y uno de
poblacidn generan las provecciones pglobales del &rea de empleo y pcbla-
cibébn para interacciénes de 5 afos, proyectaudo hasta el afio 2.020.

Los dos pronbdsticos de empleo son promediados a fin de
obtener la demanda de trabajo, la cual ec comparada entonces, con la ofer-
ta de trabajo generada por el mocdelo de poblacién, La demanda y la ofer-
ta son equilibradas y los pronbsticos de empleo para los 21 grupos indus-
triales, asi como tambfén, un prcnéstico de poblacibén para el afo 2.020,
son obtenidos para los 13 condados del &rea de la Bahia.

BAZS diferencia entre las determinantes localizacionales
de los diversos grupos industriales, haciendo uso de 6 sub-modelos de lo-
calizacibn de empleo, '

Un sub-modelo de localizacibn residencial equilibra la

oferta de viviendas y tierra utilizable con la demanda de viviendc genec-
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rada por los pronésticos de poblacidén. 41 sub-modelo utiliza 6 arupos u-
nitarios de vivicnda, basados en dos tipos esiructurales ( uni y multifa-
wiliar ) y tres valores 6 niveles ( alto,medio y bajo ). &5l submodeld in-
corvora aproxinmnaciones de filtracibén y demolicibn de las viviendas.

Las localizaciones de o2mpleo, con la exccpcidn de 1us
servicios edugacionales, construccibn y agricultura, son determinada:z a
priori de la localizacibn de residencias, Ksta secuencia supone implici-
tamente que, cl empleo de servicios ce ajusta a la distribucién de pcula~
cibn, tanto cn el sitio de trabajo, como en &l cde vivienda que cxistfa al
comienzo de un perfodo de 5 afios, durante el cual la localizacibn residen-
cial 50 ajusta a los cambios en la distribucibén de empleo durante cse pe-

rfodo, \

¥il,- MEZTCDOLOGIA :

Los métodos para la localizacidn del empleo para las

6 localizaclones industriales son los sigs, :

le- EMPLEO AL POR MENOR : distribuido mediante una com-
binacibn de un modelo de poﬁencial gravitacio-
nal y ‘una medida de atractividad derivada de un
anilicis de regresibn. '

2e= MANUFACTURAL, TFLBTW', DBODuGAS, VENTAS Al MAYOR :
distribuido por una medida de atractividad de-
rivada de las sub-&reas.

He~ FINARZAS, SEGUROCES, TNMUEELES, EDUCACICN Y GORIERYO :
distribuidos & condados y sub-freas importantes
sobra la base de una extrapclacibn simple de las
tendencias histéricas, modificadas en base a
juicios., 51 residuo es distribuido a otras sub-
freas en base a su pdblacibn.

o= SZRVICIC" : asignados con un modelo de regresibn en
cn cual el cmnleo es una funcidn de la densidad
y accesibilidad.

He~ CONSTRUCCICN : distribuido a sub-8reas como una fun-
cibn de la cantidad de nuevo empleo y nueva vi-
vienda,

6 o= AGRICULTURA, MINZRIA, WRANSPORTES, COMUWICACIONES,

MILITARES : se& distribuye el emnleo total derivado

del modelo de proyeccibn, sub-4reas en la mig~



ma proporcibn que la actual.

Los cuatro vrimcros de csto sub-modelos se explican
posteriormente con mayor detalle. Los Gltimos dos se cxplican a sf mis-
mos. l. consiruccibn c¢s relacionada con nuevas viviendas y nuevos empleos
y ¢c localizada 4 sub-Lreas sobre la base de los reque}imientos de las ac-~-
tividades mencionadas. Rl nivel de actividad agrfcola es un residual, y
el cmpleo acrfcola es reducido en cada sub-&rea, en prororcibdn a la ex-

traccibn de terreno aprfcola de la sub-4rea.

i

' 1o~ SUB=MODELO bE LOCALIZACION 1 :
COHEKRCIC AL PCR MINOR :

La proporcibén de nuevo empleo de comercio al POR MENOR
en cualquier zona Jj, es una funcibén del porcentaje del nuevo empleo regio-
nal localizado en j, el porcentaje de la poblacibn total en j y la atrac-

tividad relativa de j .

./ == N . A= . RAT .
((Q/NEJ/ JNlJ)*‘(/}POPJ/ JPOPJ)+ hIJ)

ALLOC jr = > AFHPT
donde ALLOCJ.r : nuevo eupleo al menor en jJ.
NEj : nucvo empleo total en j.
POPJ : pob%acién total en j.
RAT . : {ndice de la atractividad relativa
i de J.
APt T nuevo empieo al menor en toda el A&rea.

<, [5 : constantes exbgenas que suman 1,

RAI es una funcibn de la demanda potencial para comer-
cio al por menor en la zona y de la adecuacibn comercial del sitio,

La demanda potencial es la diferencia entre la demanda
actual cn la zona (empleoc) y la demanda esperada.

La demanda ccperada es calculada por un modelo gravita-
cional. La adeccuacibn comercial del sitio es obtenida a partir de una
ecuacibn de regresibn, relacionando la cantidad de empleo al por .menor,
con la accesilbilidad de la poblacibn, accesibilidad industrial, densidad

de lo zona y lus cantidades y localizacibn de otros tipos de emplco.



57 7 VTG -
RATJ = \l DPJ \1*'(”:5‘( C Sj/].—-.kc.)n {‘)) s

- - — p—
+ =, N DPy (1+40.5 ( CSS/=TE5Y)

donde DP‘j : demanda poutencial,

j + adecuacibn comercial del sitio,.

Cow SUL-MODELO DE LOCALIZACICN 2

\ MANUFACTURAE, FLETES, BCDHWCAS, VENTAS AL MAICR

Los incrementos en el emplco son lo¢alizados por medio
de fndices medidos por zona, de los factores de localizacibédn calculados
separadamenie para 11 grupos industriales. La zona con el marcador z8s al-
to para un grupo industrial, recibe una empreca de tamafio premedio de ese
grupo industirial. &1 se van a localizar més empleos, se recalculan los
fadices, tomando en cuenta los cambios surgidos por la primera localiza-
cién. De nuevo la zona con el marcador nmis alto, recibe una =mpresa.

ste proceso continfia hasta que se ha localizado todo
¢l empleo. Una vez distribuide, el empleo es convertido en uso del suelo,
mediante coeficientes de absorcibn de terieno.

I.os marcadores de las zonas (Sjk) se calculan de la

manera sigulente ¢

—
3 koo =W l{I.i
J °3
donde : K : nfinero de grupo industrial.

ZONna,
i 3 factores de localizacibn importantes para
el grupo industrial k.
Sj : marcador de zona para el grupo industrial k.
W.k: medida del facter 1 para el grupo k.

I.': fndice para el factor i en la zcna J.

Para determinar las medidas del "iésimo*factor para cae
da uno de los 1l grupos de empleo, fue utilizado el anflisis de rerrecién..
IZntre las variables consideradas estén :

- localizacidn de otras empresas industriales en



el &rea.

- Acceso de ferrocarril.

- Acceso de- carretera.

- Terrenos vacantes,

- Bibliotecas, Restaurantes, Densidad, etc.
Los expertos en localizacibdn industrial alterarn las
medidas en base a Jjulcios, cuando se considere necesario. )

Un fndice para el "ifsimo factor" en la zona j se caleu-

la de la sigte., forma :

Ijl = ( le - MINT ) / ( MAXT - MINT )
\ ‘
donde : Ijl : Indice para el factor 1 en la zona j.
le : magnitud actual del factor i para la

sub-4rea. jo
MINT ° valor mfnimo de X para todas las J.
HaxT

valor méximo de X para todas las J.

En el modelo BASS, la migracibn industrial intra-A&rea
¢s reconocida e incorporada en el modelo. La tasa a la cual emigra el
cmpleo de una zona es funcibén de la densidad de la zona.

La densidad esté& definida como 1la suma de poblacibn y
empleo por acre, 51 la densidad de una zona es mayor aue 10, entonces al-
guna industria cmigra del Area sobre la base de datos histéricos,

Lu migracién de eupleos es afiadida al grupo de nuevos
empleos a ser distribuidos para cada industria, Los terrenos dejados va-
cantes por la nigracibn, son apladidos al inventario de terrenos disponi-
bleg en la zona.

Cuando tce proyecta una declinacibn en el empleo en al-
Qn pgrupo industrial, se utiliza una técnica diferente’para determinar don-
de debe decrecer el empleo.

71 vporcentaje del total de aecline en un grupo industrial

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

v

2 k 1

k mp S N T o
( LHPJ . DLJNJ. ) /______m ( .d'{le ° DENm )

PLDECLJ

’1 nfimero de empleos perdidos del tipo k en la zona J

se determina por :

t

EMPLOSJ.k = PLDECij . (1.2 Awp®)



-
donde : =HPLCS, : nfmero de empleos del tipo i perdi-
(%]
dos en la zona J

o ©

porcentaje de declinauieato en la in-

PLDECLJK

dustria k en la zona Jj.

THP : declinamiento proycctadc en empleos
de tipo ke
DEN : densidad.
Cono ;Eb EMPLOSJ.k = 120 % del total de decliinawmieato

preycectado en la industria k, BASS distribuye un 20 % equivalente, uti-

lizando el modclo de crecimiento industrial,

\

Je= SUI'=MCDILO DY LCCALTIZACION 3

FeleRalle ¢ PFINANZAS, SKGUROS, INMUZLLES, KDUCACICN
Y GOBILZRNC

zacional es

La descomposicibn geoyr&fica para este algorituo lecali-
- Condados,.
- “Ub-&reas iwmoortantes en cada condado.
- Sub--&reas residuales.

Tstos tipos de cmpleo son localizados en los condados de

acucrdo a las nroporciones actuales, con modificacion:s en base a juicios.

La misma combinacibn de historia y sitio es utilizada pa-

ra distribuir el cupleo a las sub-Areas importantes dentro de los conda-

doZ e

1 empleo restante ¢s distribuido a 1lns otras sub-8reas

sobre la base de su poblacibn,

Ye= SUB-HODZLC DE LOCALIZACION 4 :
SERVICIOS ¢

na funcibn de

%1 empleo de servicio es distribuido a las zonas como u-~
un fndice de atractividad relativa y de la povlacidn,

i

PCP .
ALLOC . ® = (C(RAI.~+R-:—-—Q. ) A Mp°
J J "= pop,
1 1

5 - -
donde : ALLOCJ : nuevo eiapleo de servicio localizado

en la zona J,.



RATI + indice de atractividad relativa.
: poblacibén en la zona J.

: nuevo empleo de servicio en el &rea,

< ,/% constantes exbégenas con suna 1.
21 RAI c¢s obtenido a partir de una ecuacibén determinada
mediante an&lisis de regresibn,
Se estiman difcrentcs ecuacioncs de RAI, incluyendo dife-
rentes variables independientes para :
- Comida, bebida.
- Servicios personales.
- lervicios wmisceléneos.

Tervicios médicos.

SUE-MODELO DE LOCALIZ4ACION DIE VIVIENDAS

La simulacibn de localizacidn de vivienda puede verse
como un paso hacia una rénlica explicita del mercado de vivienda. -

1 modelo separa los tratamicntos de oferta y dewmanda.

'n el lado de la oferta, BALS introduce 1naovacionces im-
portuntes tales coro la demolicibén v filtracibn de las vivienduse

¢ supone una tara de dewmolicibdn de la vivienda existente
determinada en forwa _lobal para tcda el &rea ( 4 % de la vivienda exis-
tente por 5 aios, obtenido en investipaciones sobre la taca de demolicibn
en fan Fraancisco en aros recientes ).

l.u tasa de demolicibn no s constante para todos los ti-
pos de casas. La distribucibdn dc las demoliciones depende del valor de
las unidades de vivienda de la zona, la proporcibn de :stas unidades que
pertenccen al tipo sultifamiliar y la densidad de desarrocllo de la zonae.
Para viviendas unifamiliares, la proporcibén de nuevas demoliciones en la
zona £e determina de la manera sijte. :

s _ 1/4 L F
DR, =" ( DDy ) . ( Piy® / HUS )

donde : DRj proporcibén de demolicibn de unidades uni-

familiares en la cona j.

DD,
J

PHJ : unidades mfiltivles expresadas como un por-

dencidad de desarrollo en la zona j.

centaje de la vivienda total en la zona j.



Y

HVj + valores dc la vivienda en j 6
(2.valor alto 4valor medio)/total de uni-
dadce de vivienda, '
La parte de demolicibn de unidades maltifamiliares depen-

de dec la proporcifn de viviendas solas :

[N

DR," = ( DR,
J J

®)

La demolicidn afecta la oferta (cambiando ¢l nfimcro de vi-
viendus disponibles) y la demanda (alterando el nfmero dc hatitantes en
busca de viviendas,

TLa filtracidn del inventario de viviendas nd altera el nfi~-
mero de viviendus disponibles, pero cambia la distribucibn del valor,

Il modelo supone que en cada perfodo de tiempo, el 20 ¢
de toda la vivienda de valor alto se convierte en vivienda de valor medio,
vy el 20 9% de toda la de valor medio, se convierte en vivienda de valor
bajo. En ecte caso, no se hace distincibn entre unidades uni & multifa-
millares. .

La tasa de filtracién difiere entre zonas. La tasa de fil-
tracibn de unidades unifamiliares en la zona j depende del porcentaje de

unidades multifaniliares en j, y el valor de la vivienda cn J :

3 k
FIL. = S PM.< o HV, H.
( j i ) j )

donde : FILJ unidades netas filtradas de la vivienda

del tipo k en j.

Sk : factor escalar para la vivienda del tipo k.
PMj : porcentaje de unidades multifamiliares en j.
HVJ : valores de la vivienda c¢n j 6
(2.Valor alto + valor medio)/total de uniw
dades de vivienda.
ij : nimero de unidades de vivienda del tipo

X en Jo

La tasa de filtracibn de unidades nmultifamiliares en una
zona dcpende solamente de los valores de la vivienda,

FIL.E - gk : T
j s(;/ﬁvj>(1ij)



La oferta potencial total de la construccibn de nueva vi-
vienda en una zona, depende de la oferta de terrenos, pendiente, alracti-
vidad, distribucién del valor d&e la vivicnda, pronorcibn de unidades uni-
fawiliares y udencidad.

La oferta de terrenos es la suma de los acres agrigolas,
terreno vacantc utilizable y terrenos vacantces por migracidn o demolicibn,

Lz densidad de una zona cestf definida como el promedio de
la densidad (definida externamente) ‘de la zona y las zonas circundantec,

La construccibn potencial de nueva vivienda e particio-

nada en unidades potenciales uni y multifomiliares y luzpgo, en unidades
de valor alto, medio y bvajo.
' La primecra particidn c¢s realizada promédiando dos relacio-
nes 1 ¢l porcentaje actual de unidades unifamiliares y el porcentajec po-
tencial, 1l norcentaje potencial std deterninado por la densidad de de-
sarrollo de la zona, /

La sepunda particibn depende de tres proporciones : la
particibn de valor existente, la densidad e desarrollo y la pendiente del
terreno,

Los cocficientes de absorcibdn del terreno utilizados para
deterninar ¢l nfimcro de unidades potenciules de nueva vivienda, varfan con
¢l tipo y valor de la vivienda, y c¢ntre zonas.

‘ L.a demanda total de nueva vivienda es la suma de las fami-
lias forzadas a cambiarse por causa de la demclicibn, y el incremento de
familias proyectado por ¢l modelo de poblacibn,.

La demanda cs particionada en base a Jjuiclos, en tipos de
vivienda y se supone un decline secular cn la proporcidn de unidades uni-
familiares,

21 filtimo paso en el modelo de dislribucién residencial es,
la detlerrminacibn de la localizacibn de la eonstiruccibdn de nueva vivienda.
La proworcibn ae conciruccibdn poitencial de nueva vivienda desarrollada en

una zond, depende del acceso al empleo.



VISION PANORAMICA

La innovacibn mé&s interesante de BASS es, la introduccibn
de lu demolicibn y filtracibén en el modelo del mercado de vivienda., 1o
hace intentos para modelar el conportamiento detrfs de estos procesos, pe-

ro trata de simular los resultuados.

1o

Los cambics en el inventario de vivienda ticnen jrandes i~

plicacioncs en la forma urbana y estos cambios usualmente son-omitidos de
los modelos urbanos,

\ LA"S localiza a las familias sobre la base de un acceso
globul al cupleo. Un enfoque alternativo es, distribulr los empleados de
un sitio de Lrabajo particular sobre la base de acceso a ese sitic,

{ VER BLATS )

o 1 rasgo mls inquietante de BAJS es el uso repetido de e-
cuaclones arbitrarias, para distribuir el ewmpleo y las fauilias. FREstas
ccuaciones no son cstinadas via técnicas cstadlsticas, sino aue son defi-
nidag cn vase a Julcios,

Aungue esta metodologfa puede dar buenas prediccloucs,
probublenente aflade poco el entendimiento de las determinantes del compor-

tamiento de la forma cspacial de las &reas urbanas,



BATS

( BAY ARZA TRANSPORTATION STUDY ).

\

INTRODUCCION :

LA Comisibn del Estudio de Transporte del Area de la Ea-
hfa ha introducido un estudio en tres etapas, acerca de planes alterna-

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

- La primera etapa, c¢s un extenso inventario del empleo,

ooblacibn, uso de la tierra y patrones de tr&fico.

- La segunda, envuelve el deéarrollo del modelo para la
evaluacidédn de una amplia gama de usos alternativos de
la tierra y redes de transporte. Il objetivo de esta
etapa cs, limitar las celecciones 8 preferencias a un

pequefio nfimero de alternativas factibles,

- En la tercera etapa, c¢stas alternativas son evaluadas
de manera més detallada., Rsta etapa ha de generar un
_juego méls complejo_de productos (outputs), los cuales
permiten una evaluucibn m&s detallada y. desagregada de

las redes de transporte.

BEATS reconoce tres problemas de localizacibn ¢

- Localizacibdn del empleo bhsico,
- Localizacibdn del emplco de servicio, y

- Localizacibn de viviendaS.

La primera localizacibn es manipulada por un modeclo de
localizacibén del ZMPLEO EBASE - EEMOD: ( BASE EMPLOYMEWT ALLOCATION 0=

DEL ). Los otros dos problemas son manipulados en un modelo de proyec-
_cibn del USO DE LA TIERRA - PLUM ( PROJECTIVE LAND=USE MODEL )4

H



PLUM requiere el '"procducto" del BEMOD ( Ej. : la locali-
zacibn de todo el empleo base ) para localizar el empleo de scrvivie y
las freacs de vivienda., La sstructura general del modelo es mostrada en
el esquemwa ancxo en la pAgina sigte. E£n cste momento, ni el BEMCD ni
2} PLUll han sido coupletados, gin embargc, ya ha sido recibido suficien~
te material de William Goldner , Director de Investigacibn de BATSC, pa-

ra describir sc cstructura actual ¢n detalle considerable,

METODOLOGIA ¢

LOCALIZACION INDUSTRIAL

51 empleo es considerado de servicio, si su localizacién
espacial ¢s5 determinada por la localizacibn ospacial de las familias,
los amercados y las concentraciones diarius de poblacidne

-1 cmpleo es bAsico, si su localizacidn espacial c¢s doter-
minadua por rutas de transporte inter-regional, recurzos, vinculos inter-
i?dustriaies y cconowmfas de aglomeracibn.

En el BElOD, ¢l empleo bisico estA dividido en 8 grupos
industriales ( dividicndo a su vez en cector manufacturcro cen 5 subegru-
nos )

- MAIIUFACTURA ( industrias de nueva tecnologfa, oficina
central, industrias intcrwedias, metaies fa-
bricados, petroquimicas ).

- TRANSPORTE.

- ViNTA AL DPOR MAYOR,

- COMUNICACIONES,

- COFICIHAS,

~ GOLIERNO &Z5TADAL Y FiIDIRAL.

- AGRICULTURA,

= MINERIA,

La localizacibén espacial de cada uno de cstos grupos in-
dustriales, envuelve un proceso cn dos etapas ¢
- 1 =~ Los incremcntos de empleo industrial son ubicados
a Condados, utilizando un modelo de "reparticién!
y '"cambio", Intonces, estos incrementos son dis-
tribuidos ontre A&reas censales, utilizando anr&-

lisis de regresibn.
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Tl modelo éec reparticidn y cambio reguiere proycc-
ciones del crecimicnto del empleo de cada una de
las industrias b4sicas »nara la regién de la Bahia.
‘ BEMOD utiliza anflisis regresivo en los datos

1.950~65, para ecstimar las desviaciones del cre-
c¢inmiento de las industrias en el Condado. Lus
variables independientes en este anflisis son :

- Densidad,

- Rata de crecimiento,

-~ Acceso intra-regional, y

- en algunas industrigs, el empleo.

Adem&s de c¢sto, es utilizada una rutina de juicio eczpe-
cial, u [fn de ubicar la localizacibn fGnica del empleo,. jemplos de es<
Las lccalizaciones @nicas son : colcogios, universidades, campos al aire
libre.

£l producto de csta fase son, los empleos totales para -
cada uno de los 12 grupos industriales bésicos, en cada uno de los 9 Con-

dados del &rea de la Bahfa, ( Ver esquema de la phge.sigie. )

- 2 = La segunda facse de BEMOD, localiza estos totales
dec Condado, a cada una de las 742 Areas censales,
La rutina se basa en un an&lisis regresivo de sec-
cibn cruzada, utilizaado datos de 1.964., Cada uno
de los grupos de empleo bfsico utiliza comeo varia-
bles independientes, algunos sub-juegos de las
sigs., 8 variables :
- Pendiente ( 0-5% ).
- Elevacién principal del Area.
- Presencia de agua,
- Presencia de vias férreas,
-~ Accesibilidad a la voblacibn 1.965.
- Densidad de empleo.
- Uso de la tierra.
-~ Departicibén del &rea y empleo del Cone
dado.
Los valores '%g" producidos por la regresibn, son mante-
nidos constantes durante el perfodo de proyeccibn 1.968-90.
La variable dependiente de esta regresibn es :

3

- n, . . [y )

AN
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BEMOD.

8 GRUPOS INDUSTRIALIS.

| |

[NCREMENTOS Did MHMPLZO INCREMENTOS DE FilPLEC

A CONDADUS . A ARDEAS CZHSALLS,

EMPLECS TOTALLS PARA LGS GRUPCS INDUSTRIALERS
SASICCS EN LOS 9 CONDADCS.

1 L ———

LOCALIZACION DEL &MPLEO TCTAL DE CADA INDUS-
TRIA, CADA CCNDADO Y CADA ULA DI LAS 742
ARTEAS CENEALES,

J L

—_— =

2

COLFICITNTES DE ARSCRCION DEL TERRENO,.

1
[ FIPLEC_ INCREMENTAL, |

1

REQUERTHMIENTOS THCREMANTALRS DE TRRRENO,

BUSCA OTRA A=
REA DONDE HA-
YA TERRENO
DISPCNIBLE,

PAMANDADO &
1{ENOR QUE &L
DISPONILLE 2

ACTUALIZA EL USO DE LA TIERRA,

L
PROCEDE.




donde : i : clasc de industiria bésica.
j '+ frea censal,
k : condado,
E : empleo.
L

territorio total ocupado por la industria
Lasica,.
Bl valor proyectado de "Z" es sustituido entonces; en ia

ecuacidn sipte. :

t+1 % t+1 t t
AEij _z.ljmzik (LJ. /Lk ).

\
donde Ztij + es ¢l valor estinmgado.
El empleo es dado por :
~ 1 t t+1

.Jij = E‘ij AN Eij

Q

donde : el dato t indica un verfodo de tiempo.

Los coeficientes de absorcibdn del terreno utilizados para
convertir empleo incremental en requerimientos incrementales de terreno,
son ccpccificos,

©1 el terreno incremental demandado, c¢s menor que ¢l Lerre-
no disponible en el &rea, LIMOD simplemente actualiza el uso de la tierra
de cmpleo y procede., ~1 el incremeato e¢s mayor, el cambio de empleo de
la industria con el ”Zij” mis bajo, ¢s removido del &rea y es locallzado

en otras, donde haya disponibilidad de terrcno.

SMPLEO DK SERVICIO Y VIVIENDAS - PLUM :

Tanto la localizacidn del emnleo de servicic como la de
viviendas, son deter.ainadas por FLUIM, ol cual utiliza las proyecciones
de cmypleo y las localizacioncs del empnlec base. -

Adenfs, PLUM hace uso de informacibn exbgena de agencias
locales de planificacibn.( Por Ej. : informacién para la determinacidn
de los limites m&ximos en la cantidad de tierra disponible ).

La idea bhAsica detrds de todas las localizaciones del
PLUI es, quec allf ecctf alpguna funcibn que da la probabilidad de auc un
individuo tratajando en "i" vivir& a "t" minutos de "i" 6 comprari en

Wn comercic a "t minutos de “i'", La funcién de distribucibn asuaida



para todos 1los cacos es la sigtee.

P - ea—/’g/t

donde : Pt : probabilidad de un individuo viviendo a
menos de "t" de su lugar de trabajo.
A fin de detérminar la probabilidad para algln intervalo
Mg g "(t +K)", es neccsario evaluar la difercncia entre la yrobabilidad
acunulada en (t+K) y t,

Formalmente esto es @

\ | — _a=A/(t +k) a -/S/t
P(t,ta—k) g = e? - e .

. . . . e -
donde : P(t,t-+k) : probabilidad de un individuo viviendo

en el intervalo t a (t+k).

fstas funcilones son ajustadas separadamente para cada uno
de leos 9 Condados, con datos obtenidos de entrevistas realizadas en las
viviendas, Las funciones de viviendu- trabajo, vivienda- comercio y
trabajo- comercio, fuceron estimadas separadamente,

Las funciones cstimadas para los condados, son aplicadas
cutonces a las zonas del condado, a ffn de derivar tres matrices de pro-
babilidades nara cada uno de los viajes a cada zonae

.0 lugar de ubicar el ompleo de cervicio,. PLUI hace uso de
una variante cn "la base de técnica m@ltiple'. “n lugar de relacionar
empleo de servicio con emvleo base, PLUM lo relaciona con la noblacibén
base, vsto es, empleo blsico mls las familias de los empleados bAsicos, i
PLUM obticne 1lo 'uItihb; distribuyendo los empleados b&sicos en zonas
residenciales, de acuerdo « una matriz de probabilidades de distribucibn
vivienda a trabajo "Ps”; y aplicando luego, la proporcibén histébrica de
lu poblacibn gue no esté trabajando cn cada zonae.

Jotas dos etapas son

donde : r

vector de viviendas de los empleados bAsi-
COSs por zonha. '
P5 : matriz de las probabilidades trabajo a vi-
vienda por zonas.

e; : vector de c¢mplcados base por zona.
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a :(L-I)rlo

*1
J donde : ay poblacibn de empleo base no trabajadora.q
g | L : matriz diagonal de poblacibn por emplcado.

y por zona,.
I : matriz unitariae.

1 multiplacador c¢s deterwminado vntonces cowmo

Q.
o]
o]
Q,
o}
=

multiplicador base.

empleo no bfAsico total.en el &rea ( obteni-
do exbgcnamente ),

1 : empleo basc total.

e
ql : poblacibn total relacionada con el empleo
1 bace, oue no se encucntra trabajando.
1 : vector unitario, -

Aplicando el nmultiplicador base a la poblacibén no traba-

jadora relacionada con ¢l empleo base, a zonas residenciales y empleo

o

base a zonas de cmpleo, genera demandas para cl empleo de servicio por

zonac @
d = K °
L}.l \Jl
d2.l = Kel °
donde : dL+ 1 ¢ denota el vector de demanda por zonas

o - - - - para la pdblaciSﬁique sirve a la pobla-

cibn btase no trabajadora.

Q,

vector de demanda por zonas para cl em-
\ pleo de servicio que sirve al empleo ba-
se en sus lugares de trabajo.
fe asume que el mismo multiplicador genera ambas dcemandas,

tanto de la vivienda, como dcl trabajo.

©l préximo paso es, localizar el emplco de servicio por
zonas. ks5to se realiza multiplicando los dos vectores de demanda para
el empleo de egervicio, por la mﬁtriz de probabilidades zonales para vi-
viendas a comercio y trabajo a comercio. Tal como sc ha descrito antew

riormente, cada una'de estas matrices de probabilidades ©¢s derivada de



funciones separadas de localizacibn. Los chlculos =e muestran como sigue

ST o 8 R “
°2.1 = P2%.1
donde : °4.1 : vector del erplec de cervicio que sirv
, & la poblacién relacicnada con los EIRpl 208
base (wotlac.no trabajadora).
es 9 veclor del empleo de servicio acve sirve
al enmpleo tase.
\ Pq : matriz de probabilidadeé ge vivienda a o=
mercio,
‘PZ : matriz de probabilidades de trabajo a co=

rmercio.
Finalmente, @l empleo de servicio total por zconas es ob-

tenide por sumatoria uel empleo bavado en el trabajo y en la vivienda,

e, = e e
3 b.1%%2,1 ¢
donde : e3 : empleo de serviclo total.
Kstos wvalores son equilibrados zona por zona, de acuerdo

a las proyeccioncs del &rea, suplidas exbdgenamente a PLUM,

C = I 1 o
(1) 37 Lo,
e’ = C e, o
3 (1) °3

donde : le : suma del vector del empleo do servicio.

e, : vector ajustado del empleo de servicio.

El vector del empleo total en los lugares de trabajo, es
obtenidc por adicién del cmpleo de seorvicio ajustado al cupleo base detor-

minado exégenamncnte,

.

donde : e vector cel cmpleo total en =su lugar de
trabajo.

Dado el empleo total vn su lugar de trabajo, es pcsible



ahora reaplicar la matriz de probabilidades de vivienda a travajo , P5,
y deterninar los trabajadores por lugar de residancia, Tg e N
Aplicando la proporcidn de poblacibdn por trabajador por
cada zona, L, es posible determinar la poblacibn total no trabajadora,
Qgs DOT lugures de residencia. Rstas operaciones son mostradas de la

manera sicte.

1]

I‘6 P566 °

i

g (L -1) Tge

s necesario entonces, ajustar esta poblacién total no
trabajadora can.la dada ex6prenamente al modelo, El factor de correccibn
es aplicado a cada poblacibén no tratajadora de las zonas, y la poblacién
no trabajadora ajustada es afiadida a los trabajadores por lugares de re--
sidencia, para dzterminar la poblacién total de las zonas.

nstos pasos son sintetizados como

C = ‘:2 °
fa) 6/ 1q

6
donde : Og : &rea total de 1lu poblacibdn no trabajadora
determinada exbgenamcnte,
1q : suma de las zonas de vnoblacibédn no trabaja-
6 dora.

% T L% -

donde q6' : vector ajustado de la pop}agiéninoxtraba-,_
R - - - ~ 7 “jadora.

n6 = r6 +q6 °

donde : n6' : vector ajustado de la poblacibn total.

Un cambio en la poblacibn cn cada zona, sin cambio en el
nfimero de trubajadores, sugiere un cazbio en la poblacibdn por trabvajador
(L). Luezo, acumiendo un tamafio familiar constante, los cambios suge-
rirfan un cambio en los trabajadores por vivienda, (F)., DGste es el flti-
mo valor ajustado que es utilizado para calcular el nfimero de viviendas

en cada zona,



donde : h vecetor de viviendas en cacda zZona.

vector de cmpleados base por Lugar de resi-

=3
(e

dencia. '

|

matriz diagonal de viviendas por cumpleads

base,

Con el empleo base, el de servicio y las viviendas locali--
zadas por zona, cl prbéximo paso es, aplicar coeficicntes de avsorcidn de
terrcio a cada una de lac actividades ¥y llevar los "rccords! del uso a#
la ticrra,. %1l terreno no utilizable cs sustraido primero del terreno
total. Incluye tierras naturalmente inadecuadas, tales como, tierras i-
n undadas & con demaciada pen@iente 6 ticrra en la cual ce prohibe cu use
debidc u politicas plblicas.

El uso de la tierra del cempleo base es suminis®*rado a PLUA
y accptado sin cambio,. 81 uso de lua tierra del empleo de servicio es a-
sugido pricro que ¢l uso residenciale 21 terreno recidual cs dizponi-
ble parc ¢l uso residencial,

Como ¢z aparente de la descripcibdn de la localizacidn de
vivicndas, la disponivillidad de tierra no es considerada comc unﬂobliga-
cibn, Bo posible que: dado el cocficisnte de absorcibn de trerra vara
vivicndas, puede scr distribuida en alguna zona, mfs tierra de la que es
dispoaible actualmente,

PLU} tienc una rutina para ajustar la tierra localizada
6 devtinada a uso residencial con la tierra disponible, Primero,la cu-
pacidad presente on téruminose del nfimerc de viviendas cs definida dividiene
do el inventario presente de lierra residencial y vacante,entre la matriz

de absorcibn de terreno residencial

K

W -1
C = A 5

5

( a +a8*) o
* . . . . .
donde : C~ : vector de las capscidaves residencisles de
las zonase
a5 : vector del inventcric actual de terreno re-

siaencial,

an": vector del inventario actual de tierra va-
o .
cante,
A : matriz diaronal de los coeficientes de avrsor-
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cibn de terrceno rcsidencial,

Lucgo, con definidos dos vectores de capacidad de utiliza-
¢ibn : el primero, ri.> la capacidad de utilizacibén inicial y el segun-
do, la utilizacién despubs de que las viviendas han sido localizadas por
PLUM.

. H K
yoo= hi / Ci .

i_)
Ho

donde : hi : viviendas iniciales en la zona 1o
hi ¢ viviendas wvroyectadas en la zona i,
yi*' : capacidud de ulilizacibn actual cn la
zona i.
X4 : capacidad de utilizacibn proyectada en 1i.
Mientras que los elementos del vector y*‘deben ser, meno~
res que 6 ifuwales a 1, los elementos del vector x pucden ser "O" 6 algin
valor nositivo, Cuando alpln elemento de x es mayor que 1, es localizada
mbs tierra residencial a esa zona, de la que es disponible,
En lugar de ajustar la distrivucufén eswacial proyectada
de las unidades de vivienda y sus requeriaientos de tierra asccliados con
la tierra disponible en cada zona, PLUNM define primero dos transformacic--

nes de los elemeontos de x

..]_)

2X.—1\
1 - e"(e o,

3 1 en(exi

1

it

00
Yy

Tanto yi° couo yi“°, son slempre mayorcs que 6 iguales a
"M y menores gque l. También, excepto cuando xizO s yi°° es mayor quc
yi® e ,

Las densidades residenciales zonales y «as capacidades zo-
nales, son ajustadas en ¢l nrodelo vara reflejar cambios en la demanda re-
sidencial. ~1i y£° C5 nmayor que yiﬂK s la proporcibn de capacidad desarro~

1lada inicialmente, la densidad residencial zonal es ajustada como sigue :

donde : Gi5 : densidad rcsidencial original en 1.
m ! coeficiente de transformacibn dec densidad,

Gi5’ ¢ densidad residencial ajustada en i,

jo




11

Sl yi° es menor que yi*‘ 5 mantenida conslante.

) Gi5 e

Los coeficientes de Llransformacibn de densidadcs son deri-,
vados para cada uno de los 9 condados cn la resién, utilizando anélisis
re resivo de seceibn cruczada.

1 vector G5 es utilizado para definir una capacidad zonal
ajustada, C‘es Gs'( as* a8x)~. Utilizando esta capacidad ajustada y
las mediciones previamente derivadus de la proporcibn de la capacidad de-
sarrollada, y> y y°°, son derivados dos vectores de localizacién de vi-
vienda ¢ hoi= yOC* N hee = yoo(C® ,

81 vector h°° e¢s considerado una localizaciébn "de méximo

1fuwite", y cc utilizada en la sigte. forma :

\

- o
w o= 1 h=1h0

1he” =1h°

W, es una eccala, la cual eo utilizada para derivar un vcce-
tor nuevo de pronorciones de degarrollo zonal,
x'= .
Cl
Los elcmentos de 2ste vector son transformadces entonces,

para derivuar lag proporcicnes finales de desarrollo zonal :

L

X: -

La localizacibén zonal de viviendas es determinada por :
htt = y'C' .
Esta rutina de redistribucidn, cambia por cupuccto la con-
figuracibn ecpacial de los residentes cmpleades y los residentes que no

estén tr.oajando. fsto requiere la re-calculacibn y ajuste de estas va-

riables, a fin dc hacer consistentcs los Lotales zonales,



VISIONlPANCRAMICA :

Los wmodelos BATS han sido diseifiados para ajustar dos pro-
pbsitoc frecuentemente conflictivos de modelacibdn de usos de la tierra.
Primero, l0s modelos fueron discfiados para ser ur instrumento d¢ plani-
ficacibn inmediatamente Gtil. Sepundo, han sido diseiiados para peruitir
la relativamente f&cil introduccidn de los resultados de su prcgrama con-
tfnuo de investigacién, en el comportamiento a ser modelado.

Un &rea en la cual la investi_acibn seric valiosa cc, en
la localizacifn del cmplec de sorvicio.

Parcce cuestionable aplicar un multiplicadcr de &rea a todc:
los cmpleados bfzicos y todas sus familias,. Igualmente, parece cucstiio-
nable cugerir que el mismo multiplicador sc sostendrfa 6 mantendria para
trabvujadores y <us sitios de trabajo y no tratvajadores )y cus reoildenciace.
~sta =uvosicién implica aue, los cmpleados hacen todos cus gastos en cus
sitioc ue trabajo y que cstos guastes peneran.¢l mismo multinlicador, asi
couo el resto del consuwo per-chpita de la faumilia, en los citios d: reci-
denciae Lsoto o5 obvio gque los resultados de ianvestigacioucs futuras de
desa.regacidn del multiplicador por Llipo dz trabajador, sitio de trabajo,
ingreno familiar, tamafio familiar y localizacibdn residcencial, pueden s:r
ffecilmente adeptados por insuwmo dentro de PLUM,

31 modelo podrfa incorporar ffcilmente, los resultados de

fuveasticacién, utilizando la misma clace de desagrzgaci’én para

(&) ad
W]
#]
5
for
ju]
t

cioncn ac 1oca1izécibn de vivienda a trabajo, trabajo a comercio y vivien-
da & comercic.

PLUM introducc camvics on la deonsidad residoncicl, con
cambion o la exteacibn del decarrollo de la tierra, péro no toma ¢n cucne
ta los cambios en la densidad de cnpleo, wsta asimetrfa cugicre que de-

ben vur fructfferac exlensiones mayores en escta &rca.
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Abstract—The piper assumes that the general relationship between tlansportation and lund-use may be defined in
terms of three primary components (1) Economic achivity (1e. employment), (2) Demographic activity and (3)
Fransportation facities After o brief introductory section, the second section of the paper conlains a review of the
state of the art of models of cconomic acuvity tocation 1 e intia-ushan employnient forecasting The third section of
the paper contains a review of the state of the art of models of demographic aetivity location, 1e mtria-urban
napulation forceasting The final section of the paper begins with a bief descitption of urban transportation network
models The ~ection and paper are then concluded with a discussin or possible ontegrated land-use and

tramsportation model packages
\

1. INTRODUCTION

The processes which determine the location of activities
in metropohtan areus have been of some mterest to
planners and scientists of various disciplines for almost as
long as there have been such weas for them to puzzle
over However, it was not untl the development of
electronie data processing equipment and dissemimation
of the associated information precessing capabilities that
it became possible to even consider empincal testing of
some of the theories which have been developed
regarding the location of tiese activities Begmning in the
1950°s with metropolitan transportation studies, there
have been numerous attempts, with varying degrees of
complentty, and widely varying degrees of success, to
forecast these phenomena By the mud 1960°s, a number of
rather laige efforts mvolving the use of computer
simulation o {orecast metropohtan dynamics, had been
undertihen

Partly because of the over-optimistic outlook of their
creators, and partly due to the unreahistic expectations of
then potential users, many of these early efforts were not
particidarly successful The situation was further com-
pounded by a basic antipathy towards the funding of basic
vesearch o thas area, and a4 consequent necessity for basic
resedrch to be squeezed into purportedly on-line, applied
modelhng efforts One point, however, which was made
by the vatly proponents of these techmques was that the

*Presented at the Second Intersociety Conference on Trunspor-
tation  Denver. Colorado, September 1973 This paper was
prepared over a period of several months and was therefore
partially supported by several contracts The US Department of
Transportation. Federal Highway Admmmstration, Urban Planning
Division contract Noo DOT-FH-11-784% resulted in a repori
ennitled “the Interielationships of Transportation Development
and | and Development’ | part of which iy summanized in Section 4
ol this paper Other support was under US  Fovironniental
Piotection Agency, Office of Research and Monitoring contract
No R-801-373 1o the Institute of Favironmental Sioedies entitled
‘Review and Pilot Project an Urban Modelhng™, and unde
Nanondl Science Foundation Grant Gi-38978 10 the Department of
City and Regional Planming, enttled 1 aboratory Testing of
Predictive Models An Fvaluation of Cost Effectivenesy’
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inherent complexity of metropolitan systems and the
response of those systems to exogenous influences such
as the national or regional economy and/or local pohcy
actions, was so great as 1o make 1t inevitable that these
techniques would be necessury for any thorough,
reasonat;le, analysts of the problems. That this point was
true seems to be horne out by the more recent resurgence
in urban or metropolitan simulation modeling endeavors

[t1s sand that of one, or 1 this case many, do not learn
from history then they will be condemned to repent 1t
This 1s very much the case when 1t comes to urban
simulation models Unfortunately, many modelling efforts
are very poorly documented Subsequently the detatls of
these efforts are forgotten, and at thewr conclusion, with
the scattering of the people who did them, a great deat of
information 1s frequently lost It 15 with the hope of
helping various persons and agencies to avoid 1epeatmg
some of the past eriors or blind alleys in utban modelling
that reviews such as this are prepared Consequently, the
mntention here 15 not to provide specific point by point
comparisons of vartous models and the precise equations
by means of which their forecasts are made Rather, brief
reviews of the general structures of a number of different
urban models are presented Some models are presented
in more detail than m others, when 1t secems that there are
ponts of interest worth noting for future imvestigation In
general, however, the intention has been to give a flavor of
what has been done und some notion of the chronological
order and general flow of thought in this field over the past
decude

The remainder of the paper 1s divided nto’ three
sections The first of these, Section 2. is a description of
the stute-of-the-urt of models of economic activity
location, that 1s, intra-urban employment forecasting This
15 given first i as much as it tends to be the driving force
behind household location in most urban simulation
models Section 3 of the paper 1s a review of the siate-of-
the-art of models of household location The final section
of the paper, Section 4, after giving a very brief
deseripuon of urban transportation network models,
describes the recent development of an integrated land
use and transportation package
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T INIRA-URBAN IMPLOYMENT
LOCATION MODFTS

Introduction

The processes which result in the spatial distribution of
employment i urban areas are among the more impoitant
phenomena in the uitban system To date, with the
possible exception of the retail sector, attempts to model
these processes have been only partedly successful Many
attempts at urban modelling sidestep the piroblem by
assuming that farge portions of, or all, urban employment
activity 1s exogenously (1o the model) determimned The
basts for this assertion s frequently not well developed.
olten bemg the result of rather imtutive fechngs of the
model builder about basic and non-basic employment
classtications

The determination of which types of employment are to
be included 1in the model, und how they are to be handled
s o key deasion, usually made eanly in employment
modelimg efforts ‘Consequently the question of employ-
ment types s crtical, f for no other reason than that
based on their definitions some sectors will be mapprop-
rately modelled or even exclided from consideration
Many classtfications stem from economic base theory and
implementation of economic base studies, and as such are
detined mterms of the industry’s output In this section of
the paper, dafter a bnef discussion of this classtfication
problem, a number of the more 1mportant modelling
attempts are reviewed

If 1t1s assumed that every employment type may be
considered as performing three primary activities: (a)
procuring, (b} processing, (¢) distnibuting, then by
characterizing the ways in which these functions are
perfoimed by different employment types, another basis
for classification may be derved (Hoover, 1948)

The primary activities may be defined as follows

I The procurement aspect mcludes everything as-
soctated wath obtaiming the required material mputs and
geting them to the lovation where they are to he used

2 The processimg daspect ancludes all the costs of
pettormimg whatever processing function the employment
performs  For example, in a manufacturing sector 1t
would include cost and avallabibty of fand, labor and
capital for production In a service sector, it would
include the same costs but would undoubtedly be
dommated by the labor cost

3 The distnbuton aspect mcludes all the costs
assoctated with the sale and delivery of the product or
function performed

At the same time, and for each employment type. it 18
necessary to consider whether any or all of these elements
of actvity are mtra-urban location determiants That i,
1o classify an employment type according to this scheme,
1t must first be determimed whether the particular aspect
of employment activity (1e procurements, processing,
distribution) v of locational importance, then 1t must be
determined if there are sub-area to sub-area differences
within urban areas which will affect the performance of
this activity

Betore proceeding with further discussion, « note
regarding the modeihing of employment location as

opposed, e g o sales o1 valve-added location, s n order
There are obvious disadvantages concomitant with the
use of numbers of employees as a measure of actinaty
levels, most of which stem from the nonlineariiies in each
employment type s employee/output relanonships (1e
inherently different production functions) Consequently,
when these forecasts of economic activity, as represented
by employment totals, are used in turn 1o generate other
forecasts, certain inconsistencies are troduced into the
results Despite this employment 15 the measture most
often used, for the single overwhelming reason that it s
the only measure for which data are available [f other data
were to become avatlable, then research mito their use as o
more appropriate means for modelling the intra-urban
location of economie activity may be justified  For the
present and the immediate future, employment will have
to continue to be the unit of measurement

The following discusston assumes that () the problem
bemng addressed here 1s that of small-area intra-urban
emplovment location and that (b) citvwide totals of each
enmploviment tvpe are exogenously determied These
restriictions have a substantial impact on the nature of the
problem By restricting the problem to intra-urban
location, anter-urban or inter-regional comparisons are
obyiited that is, many location decisions consist first of
selecting a region or a metropolitan area i which to
locate, and second, of selecting a spectfic site within the
chosen area The discussion prosented here focuses only
on the latter of the two parts of the problem The first part
of the problem 1« an amportant part of regional
employment models and 15 discussed elsewhere (Putman,
(969, 1970} In addition, 1t 1s assumed that within the
urban area, the size of the sub-areas being considered 15
relatively small, being of the order of census tracts

The pertion of the proposed classification scheme
which deals wath intra-urban differences with regard to
distriibution, refers to the focation of “muarkets™ and the
mmportance of ther location to the employment sector
being considered Faisting models of urban employment
actv ity are frequently classified by the sectors which they
attempt to model, e g retall, manufactunng Drawing
upon the discussion above, 1t can be seen that un
alternative classification of existing models can be made
by analyzing the means by which “markets™ are
constdered in them Under this scheme, there are some
employment types whose location within the urban area
will be market -sensitive and some whose location will not
The models reviewed here are considered according to
thisy classification

Models of Non-Market-Sensitive Location

First,  must be recogmzed that the models discussed
here are not necessanly non-market-sensitive in therr
constructs, but rather they are considered by their authors
to be capable of producing forecasts of non-market-
sensiive employment location

Most itra-urbun employment models have uas therr
opeiational procedure a “continuons function allocation™
process  These models, with few  exceptions, hive
husically market-sensitive constructs, they are mentioned
here because they sometimes include non-market-
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sensitive employment types as well as market-sensitive
types One exception 1s the LINTA mode! (Seidmun,
1909, pp. 135-138), developed to forecast the location of
manufacturing employment (which is predominantly non-
market senative) by small area This model first spreads
the regional growth 1ate of a given activicy over all
sub-areas Then, based on sub-area specific measures of
“attractiveness,” the model reallocates the growth to
diferent sub-ureas in proportion e their attractiveness
While tests of this model were moderately stceessful, sts
high level of sectoral aggregation and 1ty mability 10
consider dicrete facility location are unportant deficien
cies This is particularly the case where {e g n a wholly
urban regior) the ecoromic attributes (1 2 determinants of
growth) of sub-ureas are sufficiently similar as to resultn
the model’s being capable of forecasting only small
regular changes n all sub-areas rather than the discrete
irtegular changes vhich <o often occer

Arother continuous finction allocation model duaigned
specifically tor forecasting non-market-sens.ve ¢mploy-
ment 1~ Nathanson's BEMOD (Nathunson, 1970) This
model was developed af the Bay Ared Transportation
Study to provide basic employment inputs to their PLUM
population and non-basic employment model (BATS,
1968) Bused upon certan attributes of each sub-urea, «
sector (¢mployment type) specific score or mdex s
calculated for the sub-area When all sub-area scores have
been computed, the regionwide growth or dechne for each
employment type v allocated to the <ub-weas as a
function of the “score™ and avmlable fand  Excess
allocations are handled by iterating the procedure, with
modified land aviclapihities (Stevens and Wheaton, 1970,
p 3 This model v hkely to suffer from the same
probleme us does LINTA while perhaps performing
somewhat better over-ail

The EMPIRIC model 1y another contintous function
allocativn mede!, sinular in princtple to the LINTA model
which, mn fact, was developed from the EMPIRIC and
POI IMFTRIC model efforts The EMPIRIC model’s
construct is described by Hill in the following way (1965,
p Yy

The (hange 1n the subregional share of 4 located varable in
cach subreg on 1s proportional to  one, the change in the
subregional share of all other located vartables in the region
tw o, the change 1n the subregional share of o number of locator
variables 1n the subregion, and three, the value of the
subiegtonal chares of other locator vanables

The comments made above regarding LINTA are equally
applicable here

The Toewenstein model (Ioewenstem, 1967, pp 3-6),
in the words of the author

combines a trend-based analysts of industrial sector growth
within districts an the Philadelphia region with an allocation
technique based on the attractiveness of each distnictrelative 1o
all other districts tn the region for each ndustry under
consideration

the crniucal notton of this process 1s that st ascertuins the
importance of a number of locational determinants for u variety
of mdustries as well as the 1vatabihity of these determimonts in
a number of areas The areas are ranked according (o the
degree to which they possess these chericterstios and an
appurtionment s made

Tn thic model, which was never acinaily made
operational, the employment types were (wo-digit
S.I.C classes The question of simultaneots versus
sequential tocaton of different mdustry types 15 not
wmscussed in the model description, the impiession being
wiven that the location of each mdusiry will he
ingzpendent of the location of each other industry. thus
bypussing the problem Each of the locauon factors was
weighted uccording to ats mmportance o the focutimg
industry 'The modei deals with allocation of cmpleyment
increases of decreases as a contnuous functien wlloca-
tion, and as cuch there is no constriunt on the allocations
except that of employment density by sub-creu This does
present the possthibity, though operationaly st may nes er
occur, that over longer projection pertods @ umform
density by andustry types mav b2 the predominant
charactenstic of industrial location as ferecast by this
model Thers 1s no consideration in the modci of the
posshilities of discrete facility location While it probably
would not be useful o try to implement this model,
consideration of the hst of factors which are postuluted as
influencing intra-urban industeal location for use
another mogel might prove rewarding

In summary, some coniinuous funchien ailocation
models are capable of producing reasonably  sood
forecasts of non-market-sensttive emnployment locathop in
some circumstances However they liuck the ability 10
deat with discrete factiity locating This s ikely 10 be a
stgnificant problem  when dealing  with  non-market-
sensitive employment types, and on the vccasion where
they attempt to forecast significant changes in the location
of non-market-sensiive industry types, these modeis are
open to ¢riticism

The most promising direction for future development of
models of non-murket-sensitive location appears to be
that tuken by those few models which attempt to forecast
disciete facthty locauons  Several such models aie
discussed i detanl below,

Goldberg desermbes his model in the following way
(197, p 1)

[It] functions by Wentifying for each mdustry group a set of
location factors it needs in finding a site For zach site (in the
case wthand for each census tract) the fuctors are measured und
added together to give a seore for each census tract for each
industry group The tract with the highest score for a gnen
mdustry group recerves ¢ unit of employment The scores are
then usually recalculated and the ahiocation contiues us ahove
untl all projected eriployment 1s ollocated

In this model the employment classes were agpiega-
tions of two-digit STC classes into six manufaciuning
sthgroups One of the tymcal problems of this type model
1~ the sequential rather than stmultaneous tUeatmen ot
mdustry location  In this model the problem wa,
side-stepped by grouping the mdustiy types such that a
dffetent set of relevant location factors (of o ol sen)
could be defined for each This avoided the problem of
competition between sectors by precluding o, and at the
same time, vihated the nced to weight the lucahon fuctors
since only the “relevant™ factore are considered m any
case The most serious problem with the mode! construct

v oats vmt of allocation When there s a4 forecast



190 S H PuimaN

regron-wide mcredase inoa given employment type the
model allocates this increase, 1o subareas 1n the region
dumps called  umits of employment ™ Each unit 1s equal
to the v erage facility size for that ty pe employment in the
region This represents a relatively unsatisfactory com-
promise hetween continuous function allocation (e any
number of employees of a given type to a sub-area) and
discrete facihity location (e location of discrete facihties
i a stb-area decording 10 a known size distribution)
Finally  this moded handles employment decreases i a
tather fashion  The percentage
decrease for a given employment type is muitiphied by 12
(re 1207, and a continwous tunction allocation of the
decreases s made, where the function used 18 o total
activity density index, weighted by the specific employ-
ment types, of the sub-area The excess decrease of 20%
restling from the above 15 then allocated back to
sub-areas as f it were & normal 20% regronwide icrease
of that employment types This procedure implies that
those sub-areas which, 1f a region’s employment of a
given type were growing would grow the most, are also
the ones that,if the regron’s employment of that type were
decliming, would decline the least While this 1s not an
unreasondable  assumption, the documentation of the
model 1s not clear as to why thes particular procedure was
adopted Despite these shortcomings, some of which stem
pimanly from data inadequacies, the model has been
made operationdl and hay produced reasonable forecasts
Another discrete faality location model, Putman's
INIMP model, 15 described by ats author (1967, p 203),

pecubiar reglonwide

uses an allocavon procedure for describing o portion of
projected ctv-wide emplovment changes (positive or negative)
among existing facilities and  upon reaching certam antical
values of the magnitudes of allocated increases or decreases
switches toa lucation techngue for the addinon or deletion of
tacliics comprismy the remamders of the aity-wide projec-
Hons

In this model, too, the employment types were two-dign
STC classes, und the areal unit was the census tract

The allocation portion of the model s a simple
contintous function allocation procedure  Increases or
decreases deult with m the allocation portion of the model
are simply proportional to the portion of the city's
employment of each type m each area While this did not
produce unreasoniable results when the model was used,
this 1s defimtely a weakness of the model This portion of
the model ceases to function after certain capacily
constrants i terms of STC specific levels of employ-
ment density have been met

The location portion of the model, which takes over
when the capacity constraints are exceeded. locates
clumps of new employment in areas according to a set of
medasures which mdicate the hkely preference of the
industry for the area, based upon known past location
behavior The size of these clumps 1s determined
stochastically from the prior distribution of facthity sizes
for each industry Location of clumps of employment
decrease occur when the aity-wide percentage dechne of a
particular industry reaches certain magnitudes called
“shutdown percentages”™ When this occurs, facilities are
selected, stochastically depending upon the magnitude of

the percentage decrease, for deletion Again in the
discussion of the model no mention s made of the
question of sequential versus simultaneous location and
1s o fault i the model construct that the model follows a
segiiential (by STC number) location procedure

The flexibility of this model construct iy greater than
others, but consequently, it s sigmficantly more difficult
Lo establish the parameter values (e g capucity levels and
shutdown percentages) In addition the model uses only
four measures of awea umt aceeptability  This number
should probably be increased Despite these failmgs the
maodel v conceptially quite complete and offers signifi-
cant promise for future development

The Rose model (1967, pp S-6) 15 summanized by the
statements that,

rather than analyzing only the net change in employment in a
sone we are attempting (0 explain that change spectficallv in
terms of s components  natwal growth of existing firms

death™ and “birth™ of irms and movement of firm« within the
region

only  “hirths and  “moves™ are locationally  relevant
decisions—size changes (including “deaths™) are a funcuon of
the industrial * chimate™ of the region, the type of mdusty the
size of the firm—with few exceptions (¢ ¢ Urban Renewal) the
charactenistics of the locations have hitde to do with the
behavior of locationally static firms

The employment sectors used 1n this model. a total of
fifty, were approximately the same as are delmeated n the
national mput-output tables Though the model was not
described in un operational form, 1t appeared to attempt
smultaneous location In a later document (Rose, 1968)
the allocation portion of the model 1s described as o linear
programming formulation However, the number of
sectors (Aifty) and the number of areal units (647)
indicates that operational simultaneity in this model may
be very nearly impossible

In this model ull employment forecusts are treated as
discrete facily locations What s of particular inteiest 1s
the means by which the facihties to be located are
generated First, based upon regional employment projec-
trons and the base-year firm size distributions, regional
projections of the firm size distribution are made The
base-year firm size distnbution 15 then “aged™ via
Markov process, yielding an updated firm wize distribu-
ton The difference between this distribution and the
exogenous regromal projection 1s the estimate ot firms
which were “born™ or which “died”™ during the peniod If
the data and model construct were avatlable, firms making
ntra-area movements would be estmated here also
Then, via a mdathematical programming algorithm, an
allocation to zones 1s made of the new or relocating firms
In conclusion. while the model was not described in an
vperational form, und does uppear to have only discrete
facity location (1 ¢ no continuous functron allocution of
even small employment increments), the idea of facility
“birth™ and “death™ via ¢ Markov process 15 worth
considering as an area for future research

Models of Market-Sensitive Location
Virtually all existing operational or potentially opera-
tional models of market-sensitive location are continuous
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function allocation maodels Future progress in this area 1s
most likely to come tiom further development ot one or
more of these models As many of these maodels are rather
stmilar i ther theoretical constructs, the reviews which
follow attempt to cover the primcipal constiucts rather
than describe all such models

The retal market potential mode! (Lukshmanan and
Huansen, 1965) tukces as 1ts premise that the <ize and
number of retanl estabhshments i an aree 15 atenction of
the numier of consumers as represented by che ming-
niude of their aetwl expenditures  This model s
descended from an ewhier one (Lakshmunun, 1965) and
has s ats centrul theoretical construct a4 measine of
marhet potential derved from the traditional gravity
model construct (Hufl, 1962) This construet, in the words
of the authors (1965, p 135)

. states the retani center of sone @ attracts consumer
doflats (frem copsumers from zon2 1)
tu) an direct proportion o the consumer expenditures
(b} in direct proportion 1o 1ts size
fch in anverse  proportion 1o
consumers
(d) 1 inverse proportion 10 competiion

distance to the

The model construct imphicitly assumes that retal activity
will locate solely as descrived by the above matket
potential function, nevertheless, it does produce reasona-
bly good forceasts Two important consderations are,
however, onutted  First, there are other nfluences on
retarl activity location which will cause locanon devia-
tions from those forecasted by the above construct These
other factors should be inciuded 1n a realistic model of
such location Second, and perhaps of less mmpottance in
already developed areas, v the question of mimimum
facility size That s, ceitain types of market-sensitive
activities have important scale econemy; considerations
which will dictate mimimuny sizes for new facilities
Future development of models such as this should include
these considerations

The 1 MPIRIC model (1], 1965) discussed above 1n
the sectton on maodels of non-market-sensiive location,
may also be considered to be i model of murket-sensitive
location The sets of vartables, affecting location, tested in
the model weie

Set I Intensities of tand use (densities), Zoning
prictices, Automobile accessibilities (within the
regron)

Set I Same as Set I pius Transit accessibilities

Set HI Same as Set 11 plus Quality of water service,
Quality of sewage disposal service

The results of the cahbranion tests of the model, in terms
of variance “explined™, were acceptable, and the model
may be considered as an acceptable, operational, fore-
casting techmique, subject to the restiictions mentionsd
previously

The Harnis retal trade model (1964) was developed as o
component of the Penn lersey Activities Allocation
Maodel Denved from «elected portions of cential place
theory. the maodel attempts 1o model the equilibrium
which results from the supply of goods and services, the

demand for them and the pattern{s) of interaction
hetween them The model, as described by the author

(1964, p &)

works in the foliowing way Given the locabion of demand and
any el of nterachion parameters, o compuier program s
provided with a prehminary estimate of the locanion of supply
The anteraction formudas are then wpphed and recuit 1w a
hypothetial set of “arnvals™ at the supply pmints

the recott of this first estimate of “arrivals” iy substitured for
the ongmal hvpothesis as to the aistributoon of supnly, and the
prowess s pertenited

While acceptuble forecasting resulis have been obtiined
from this model. the estimation of its pazameters (which
may be highly collinear) 1s a more than rormally difficult
problem Because of this, the medel cannot be considered
o be atiuly practical forecasting device  Its explient
consileration of supply and demand eguibrium s,
however. umque and should be considered for future
development
The 1 owry model (1964) as well as i< dernvatives (e g

Crecine 1964) considers the location of market-sensitive
employnient simultaneously with the location of popuia-
tion This model 1s also a market potential model, but the,
formulation of the concept 1s somewhat different. Lowry
descuibes it as foilows (1964, p 10)

The distribuiion of this retail employment among the  trag!s
depends on the strepgth of the market at each focation
Ansuming that shoppig tnps origiate either rrom humes or
from workplaces the market potential of any gaven lucation
wan be defined as a weighted index of the numbers of
houscholds i the surrounding areas  and the number of
persens employed nearby

This model, too, has been shown to be capable of
producing acceptable forecasts, and 1t pajameters have
been successfully estimated for several different areas
The model should be considered to be an operational
forecasting technique

The Bay Area Simulation Study developed severol
continuous function aliocation models 1o deal with
market-sensitive einployment of different ty pes (CREUE,
1968 pp 179-234) For retail tade «n estimate s made of
site stitability as o function of site attributes (inctuding
accessibilitics)  Expected retawl trade demand s de-
veloped from a simple market potential expression The
expected demand 18 compared to the actual demand
(exising  employment) to estimate  potential  “new”
demand Finally, a relative attractiveness index based on
a combination of site suitabilily and potential “new”
demund 15 calculated  The aliocation of retail trade
emplovment is ther made 1n proportion to each sub-erea’s
relative attiactiveness Services employment 1s aflocated
proporticnal to a relative attractuveness mdex and the
pepulation percentage in each sub-uren Finance et ai und
Government employments are allocated by a function of
past employment and popuiation Contiact constiucuon
wits, allocated 1in proportion to new houses and new
employment  In summary, these BASS employment
submodels represent operational but highly empirical
continuous-function allocation proceduies for forecasting
the location of market-sensitive employment it would be
desrable 1o try to develop o more generai, less
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cut-and-try, type of procedure to make these forecasts

It can thus be seen that there are continuous function
allocation models which produce quite acceptable fore-
Casts of market-sensitive location Al but two of these,
however, omit consideration of scale economees The
I owiy model considers them in a rather crude fashion
and the Hatris model considers themexphatly Whie this
s nat a critically important faitling, it should be considered
in future efforts of this type A more important problem is
that many of these models include employment activities
such as office employment as murket-sensitive when
fact they may not be This, of course, reflects back to the
-classification question posed earher For certamn employ-
ment classes these models appear to be quite adequate
For other classes, other models are necessary Thus a
model developed for forecasting all employment types
would have to be capable of both continuous function
allocation and disarete facihity location along with the
abthty to determine which procedure 1s appropriate under
what circumstances Such a model 1s described 1n a recent
wotk by this author (Putman, 1972)

Finally, 1 should be noted that while some urban
restdential models also forecast market-sensitive “non-
basic™ employment, many do not No urban residential
model includes forecasts of all employment, and i this
sense, ol we dependent on Cexogenous employment
forecasts, pethaps from the types of models reviewed
above, as mput In the next section of this paper the
important urban residential models are reviewed

V INTRA-URBAN RISIDENTIAL LOCATION MODFLS

Introduction

The second major component of urban activity 15 that
of population or residential location Most urban lund use
simulation models have given primary emphisis to these
activities, with rather less emphasis being placed on the
problems of employment location Some of these models
have, however, included retail-commercial employment
location procedures and, as such, were discussed 1n the
previous section of this puper This section of the paper
will discuss only models or those components of models
which have been solely devoted to forecasting population
and residentiadd Tocation

Ay was the case in the previous section, it will be
helpful to hegin by attempting to classify these models in
away which allows a systematic discussion and review of
them One commonly used classification, which seems to
work reasonably well, 1s that of behavioral models vs
non-behavioral models  The essence of o behavioral
mode! 15 that s allocation procedure 1s 1n the form of an
equation or set of equations which purport to descnbe,
more or less exphaitly, residential location behavior n
terms of the actual determinants of that behavior In
contradistinction  non-behavioridl models attempt this
same descrniption principally by virtue of the correlations
which may exist between and among « large number of
measures of atinbutes of the urban system

The behavioral models may be further divided mto
those which are macro-descriptive and those which are
micro-descriptive The macro-descriptive models attempt

to describe phenomena ohserved at a rathér aggregate
level of detwl An example of macro-description of a
behavior would be the gravity model, which seems to
describe a varrety of social phenomena without a genuime
correspondence hetween its formulition and the observed
behavior of indnviiduals. The micro-descriptive models
attempt to desenbe the same general phenomena by
aggregating the results of the decision making processes
of many individuals An example of this can he found n
some of the work done at the Unmiversity of North
Carolina on residential locatton (Donnelly, ef al . 1964),
All but one of the models to be reviewed m this section
can be classified as behavioral and, as will be <een, tend
toward the muacro-descriptive rather than the micro-
descriptive

Behavioral Models

The class of behavioral models of urban residential
location 15 clearly dominated by the Lowry model and its
many derivatives One model 1n thts class which s not a
Lowry or Lowry denvative model should be discussed
firast: The | athrop and Hamburg model, which has not
recesved the further testing, exumination, and modifica-
flons s have followed upon the Lowry work. has as its
cetral Jocating concept, the notion of intervenming
opportunities (Lathiop, et al, 1965). Simply stated, the
concept first asserts that a tnip maker will encounter
alternative opportumties for satisfying his tnip purpose as
he travels Second, the concept asserts that there 1s a fimte
probability that the tripmaker will stop at any of these
passible alternatives Further, this probability mereases at
each successively encountered alternative, with each

[

prior alternative_not_taken—The-implementation=of "this
model requires that a measure of opportunities be
constructed for each zone 1n the region In addimon, some
measure of zone-1o-7one travel ime must be constructed,
and hased on this, each zone 15 rank ordered taccording to
this measure), from each other zone It 1s then a rather
straightforward matter to calculate the probabiity of a
trips termuinating i any zone from each given ongin

The opportunities measure used in the earlier develop-
ment of the model was simply the product of the available
land times the existing density of activity. hoth of which
were exogenous mputs In a later form of the model, a
procedure was added to calculate the density endogen-
ously, based on distances from the center of the region.
Having calculated the opportumties measure, the amount
of activity allocated to each zone 15 then calculated as a
function of the probability of stopping in that zone during
a hypothetical passage through the zone

The model may be operated in etther of two modes *Itis
capable of allocating all the residentral activity to an
essentilly featureless region, 1e the development of an
equiibnium  forecast, or it may be used to allocate
mcrements of new activity (o an existing base population
of aregion Like the Lowry model, to be descnbed below,
the model 1s entirely macro-descriptive and seems to be a
reasonable construct for this type of forecasting Despite
the fact that 1t has not recerved the aftention and
additional work that the Lowry model has, 1t should not
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he disregarded as an alternative, <upplementary, descrip-
tion of residential Jocation

The Lowry (1964) mode) with its numerous derivatives
and descendents 1s certainly the most well known mode!
of this type. Both the model and 1ts derivatives have been
described by Goidner (1971) and Batty (1972) The
essential ingredients of the Lowry construct are that the
location of resudences 15 o function of the location of
emplovment and the tnp making behavior of cmployees
in general, this procedure involves tre use of the existing
locations of emplayment and assnrptions about work trip
behavior along with o measure of their spatial separation
m order o pencrate the spatiel distibution of the
residences of the employees The model also contains a
procedure for the locatinn ot the retal-commercial
employment which has been reviewed in the previous
secuon of this paper, on employment models

The househeld spatiat alocation function in the Lowry
model 1~ qute simple, being solely @ function of the
accessibility of potential residential jocations to employ-
ment The function used asserts that the number of
households which will locate i o particular zone § s
directly proportional to the sum of employment in all the
surtovnding zones weighted by a function of ithe distance
hetween each of those zones and zone j This allocation 1s
subject to two external cunstrints First, the sum of all
the households in all the zones must equal i given regional
total Second, the deraty, in terms of households per
acre, may be consttained to be below certan predeter-
muned levels in certan zones The distance function used
in the Lowry model 15 simply 4 negative exponentral
funcuon of the straight hine distance between the zones

The operation of the Lowiy model, in essence,
generates an stant metiopohis Given the exogenously
provided distiibution of basic employment, the model
allocates the population and non-basic employment to the
vartots zones of the region These allocations represent
an equihbrium sttation which (assuming the model to be
corred ), wauld eventually come to pass if all other factors
had remuuned constant while the equilivnum was bemng
achieved  Consequently, the model 15 not (nor does 1t
puiport to be) an actual forecasting procedure This s
becatise it s not possible 10 associate points in real time
with the model's solution, since it s not clear if and when
such an equiibiium solution would come to pass
Actually, the solunons produced by the model bear a
strong 1esemblunce to reahity or to anticipated reality, and
as suich, the model provides useful imsights into uiban
spatial processes Inaddition, as will be seen below, it has
opened the way to a great deal of Turther research

One of the first Lowry derivative models and one of the
most substantively significant was the Time Oriented
Metrepolhitan Model (TOMM) This model was developed
as o component of o targe comprehensive mode! sy stem
for use 1n Pittsburgh, Pennsylvania (Crecine, 1964)
Unfertuaaitely, the system was never completed ond the
model was never cahibrated The protorype versions of the
model were, however, tested with fabricated data A
number of later efforts have attempted to calibrate
varnous portions of this model and have obtamed rather
mteresting results

The substantive’ differences between this model and the
Lowry model ame unportant to rote  First, and miost
important was the fact that smee it had been designed to
produce actual forecasts it was necessary for the TOMM
madel to have a real ime orientahon. Consequently. the
model was developed m an mcremental form s opposed
to the static equibbtiim form taken by Lowry In the
TOMM model the base yerr distributions of all activities
are includad as determunnnte of the projection year's
distuthution of activities The essential noton here, and
the difference from the Lowry model, 1s that neither ol
households, nor ol) non-kasic amploynient are fice (o
move (change jocation) I any given prajrcton period,

The second important difference between thes model
and Lowry is that TOMM attempts to deaggrepate the
locating population into several types I the TOMM
maodel the allocation of houscholds, by types, to zones, 1y
doneintwo steps The first step consists of allocating total
householas to sones, and the second step nvolves
disaggregation of the iotal households nte househaold
types The first allocation of total households, i~ rather
simple and, Eke Lowry, 1s strictly a function of access to
employment This allocation is done in terms of residen-
tial density Fust a series of land use accounting equations
estimate the land avarllable i each zone for new
residenttal location  Then, the model estimates as 0
function of access to employment, the projected reswden-
tial density in each zone Usmng this density and the
avinlable land, the numbers of households are calculatedd
By subtraction from the base year’s households. the new
household increment 1s determined

The access 1o employment function 1s exactly as n
Lowry The estimated ressdential denstty 1n zone 1
directly proportional to the employment o all the
surrounding zones weighted by o trip index between those
zones and the focating zone j The trip mdex 1< even
simpler than that used in Lowry, being simply the straight
Iine distance between each zone and sone j There e
constraints  which operate on the alocetion
function, the first of whichs a constraunt on the maximum
restdential denstty in each zone The second constrant is
the requirement that a mmmum number of houscholds
per zone, corresponding to the stable households, are not
allowed to move away from the zone in the projection
perion Finally, there ts a constraunt such that the sum of
all househoids m all 7ones must be equal to cxiernally
provided 1egional totals Allocations which violate the
constraints, as in allocations which violate the density
constramnt 1n the Lowry model, are 1eallocated to other
zones

The second step in the TOMM model allocations s the
disuggregation mto household types of these conal
projections of total households At this pomt a very
important substasitive difference between TOMM and
Lowry appewrs The TOMM model, in contradistrnction
10 Lowry, uses « measure of local amemties to deternime
this distribution of household types The function used,
though an extremely wmple one, postulates thut the
number of households by type in each zone 15 propor-
tional to an additive function of the base year distiibution
of household types n the zone, and the work np

several
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propenstiies of each household type Finally. the sum of
all the types ol households m a given zone 1s constiatned
o equal the previonsly estimated numbers of total
houscholds in the zone

Several Latet 'OMM model were
constincted  One of the first of these involved simply
deleung the houschold wark tiip propensities part of the
sonal household type allocation (CONSAD, 1967) In this
wase, the numbers of houscholds by type 1n each zone are
simply determmed as o Tunction of the distnbution of afl
houschold types which had existed in that zone 1n the base
perniod In that version, there was a matnix of coefficients
of household type-to-honsehold type attractiveness indi-
cos Inyetalater version of the model, the household type
projections were postulated to be a function of the base
year distithution of all household types in that zone, and a
medsure of population potential and employment poten-
tal which appear to be some form of accessibiity
meastne (Fee 1968) A number of existing proprietary
model pachages have one o1 another of these earlier
forms of the TOMM model as their core component In
these, as i the case of the earlier TOMM developments,
while some of the model parameters have been estimated,
no truly nigorous calthrations of the models have been
completed

A number of years after the publication of the first

versions of the

version of TOMM, a much more sophisticated version of
the model, referred to as TOMM-IH, was released
(Crecine, 1969) The prmapal difference between this
varsion and earhier versions was a substantial increase m
the complexity of the household-type allocation fune-
tons In this model, the hoasehold type alfocation is a
function of ten independent variables  These variables,
used moan addittve hnear function include three accessi-
bility measures, housing prices, lagged household type
change two mdices of pubhe facihiues, an ndex of
stractural detertoration, o measure of household demand
potential, and mformation about the base year's distiibu-
tron of household tvpes in thiy zone This 1s an enormous
Lt of andependent vanables and rses strong douhts
ahout the Bikelthood of ever completng a successful
cahbranion Though some work has been done i this
diection, it s dear that o good deal more would need to
be done should someone decide 1o try 1o 1eally calibrate
this model
_Another smull fanuly of Lowry derivative models are
the vanous forms ot the Projecuve Land Use Model
(PYUM) This fanmily of models, which evolved from the
great tangle of modelhng projects undertaken i the San
Francisco Bay Area i the early to mid-1960's, begun with
a first form almost exactly hke that of the Lowry model
(Goldner 1968) This tnst form of the maodel, which we
shall reter to as PLUM, had 1 1its population aflocation
procedure only one significant substantive difference that
bemg the use of a rather different allocation tunction from
[owry s This allocation function i of some interest and
it will be useful to describe it, along with some notions of
the theory imphait in these access-attractive types of
allocation function, as used 1 the varous Lowry models
First recdll that these models concern themselves with
a set of tnip makers and thewr work-to-home or home-to-

work trip mahmg behavior  Takig for example 4
particular ortgin and assuming all other varables to bhe
equal, the theory postulates that the trips o any given
destination wall be proportional to the difficulty  of
reaching the destination and the degree 1o which that
particidar destmation 1s capable ot satisfying the thp
purpose  The dithculty of reaching the destination s
expressed in terms of travel tme or cost The degiee to
which the particular destnation s capable of satisfymg
the trip purpose s usually expressed in terms of some
meisure of atiactiveness, opportunities, or quantiies of
attractors Jocated at the destination Two  possihle
varibles often included 1n the * all other varables™ class
dare particulurly important and are therefore somenmes
included in these formulations The first of these iy the
question of mtervening opportunities das discussed above,
and the second (really just a different form of the first) s
the possibility of competiion amongst alternative destina-
tions Both of these concepts have appedred in different
models m various ways

The allocation function used n these models may be
thought of as having two components The tirst compo-
nent 1s the probabihity of making o tnp. for a given tnp
purpose. ol a particular length. The second component 1s
the measure of atiractiveness of the destination In the
PI UM model the probabihity of muhing a tip of length 1
Is anversely proportional to the length squared and
directly proportional to an exponential function of the
negative reciprocal of the length This function s apphed.
m the allocation of tesidences, to annubar rimgs around
each given origin zone Fust the probability of making a
trip from the given otigin to a given annules s caleulated,
and then this probability 1s divided amongst the zones in
the annulus Based on this procedure, a matris of trip
probabilities from each zone to each other zone 1
caleuluted With the use of o scale factor, these
probabilittes we applied 10 the sonal employment to
produce the distitbution of residences These allocations,
as was the case m the models previously discussed, are
subject to several external constramts regarding densities
and  land The P UM model
altractiveness meisure

An anteresting aspect of this model, though probably
not theotetcadly correct, rases a4 general question which
is worth noting Given the situatton of forecasting from
some hnown base year to some future year, the PLUM
model s first used 1o make 115 own estimate of land use
dlocanion for the base yewr These estimates aie then
subtracted from the known base year distiibution and the
restduals, which are the variances not captured by the
model’s equations are saved The model using ns own
estimates of the base vear as mputs then makes o forecast
ol the future year allocations To this forecast, the
previowsly celeulated residuals are added m an attempt to
preserve,the unevpliined vanance from the base yedr
The teresting question ratsed here has 1o do with the
fact that all of these models, ff 1un recursively over
several time periods, tend 10 lose or “wash out™ the
unexplamed vanations from then forecasts Thus, one
mught observe more sy stematic varation from time period
to time penod as a long 1un. involving several ecursions,

avalabtlities used no
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of one of these models was made The question of the
importance of the variance not captured m the model
equations tends to be overlooked 1n d.scussions of the use
of these madels This iy an ared where further research s
necessaly  not only (as is currently the case) towards
reducmg the amount of unexplamned variance. but nlso
towards coping with such unexphuned variance as
inevitably will be present

A more recent version of the PLUM model, which will
hereafter he referred to us IPLUM, was developed as an
incremental model In this form, the basic employment
inputs ate changes from the base year to the projection
year, and all of the model’s projected allocations are also
in terms of changes from the base year (Goldner, 1972)
These chunges are added to the base year variables to
produce the future vear projections The alocation
functicn in IPLUM s bused on the same exponential
expiession as was used m PLUM, used an o somewhat
duferent way  An apparent attempt to ntroduce the
netion of antervening opportunities s added to the
IPLUM allocation algorithm, In this case the probability
af frnveling from a given origin zone to a given destination
zone s eaual to the probabdity of traveling to the ring
(annulus) i which the destination zone 18 located, divided
by the travel time from the origin to that ring

Additonally, 1in the IPLUM model & measure of
atiractiveness of the posable destinations 15 mtroduced
This measure s basteally a measure of ressdential holding
capacity, a rather simple function stmilar 1o that used m
the Lathrop-Hamburg model reviewed above The
attractiveness is aimply the product of vacant acreage
times the restdential density, both of which are base year
mputs Having caleulited the attractiveness, or as it 1s
clled in the model, the opportumties measure, it s used
to weight the probabilities which are calculuted in the trip
probuability function descnbed above This modified trip
probabihty matny s then applied to the zone emplov-
ments to generate the zonal residential allocations

A problem which occurs when using an available land
type of opportumties measure results from the fact that
zones at the frimge of urhan areas tend both to be large
and to have large quantties of vacant land The use of
vacunt land as a measure of attractiveness  usually
overstates the development potential of these zones This
1s due 1o the tact that an order for the development to
become i reahty, some level of what is known as wban
mtrasstructure facihties, such as water and sewer hnes, as
well as electricnty, must be available In muany urhan tringe
zones these facilities tend not to be available and
therefore to slow development to a degree not properiy
represented by o simple vacant area measure A remedy
for this, for forecasting purposes, 15 to modify the
opportuntties measiie by some function which in some
Wway mieasures the developabihity of these fiinge areas
One such measure, used by Goldner. was described in
terms of the proportion of developable land which has
aheady been developed A further variation of this same
idea seems to have produced improved forecasts in o
much modified version of IPLUM uvsed in the modei
system described in the Tast section of this paper Finally.
none of the PLUM or IPIUM models has a truly

endogenous  procedure for divaggreganng  houschold
types This disaggregation 1v done in some forms of the
TPT UM model by an ad hoc procedure which operates
after all of the allocations have been compleied

The last model which will be discussed s one of the
Lowry derivatives s the residential mode! from the Bay
Area Stmulation Study, BASS In partictlar, the com-
ments which follow will refer to the BASS-IV version
(CREUE, 1968) This model is of considerabic impostance
in the evolution of urban lund use models Al of the
models discussed previousty are stuctly demand oriented
models Thus therr forecasts of restdential allocations are
functions solely of household densand, and are only
somewhat constrained, i a rather arbitrary manner, by
the avalabibty of residential land 1t 18 dear however,
after even cursory consideraiion of the dynamies of, the
urthan land market that the supply of housing andfor
residential fand will have a wignthicant affect on the
ultimate resotfution of demand for rewidential location
The BASS model was the first irrhan land use model o
incorporate exphcitly both the supply and the demand
stdes of the problem within the allocation procedure

In the BASS mode! the'residential hotusing demand and
residential housing supsly are calculated separately und
then matched, one to the other, to determine the finu
location The demand for housing, 1n essence, 15 the
product of an accessihty measwre and a measure of the
potential supply of housing The accessthility 18 essen-
tally that of residence to work plice The problem in
attempting to describe this procedure 18 that the model
makes extensive use of constructed variahles the calenla-
tions of which are embedided in o large, tather compley,
model system  The accessibility measure begms by
calculating an employment measure by zone, & weighted
function of both base year employment as well us o
projected employment increment  This employment
measure is m turn used in conjunction with an exogen-
ously provided measure of the potential supply of housing
to produce what 1s called ¢ measure of the proportion of
total housing demand emploved in a particutar tract This
measure s used, in turn, to calculate a further measure of
accessibifity to employment which mvolves o dedhinmg
Itnedr function of travel time from the onigin zone and to
the possible destimation zones, used 10 weight the
employment measure 1n the destination zones

Despite the confuston surrounding this model, due
largely to rather madequate doctimentation, the reasoning
behind this procedure can be deduced and may be
described as follows First note that this accessihility
meusure 15 ulimately to bhe used 11 a housing demand
calculation  Thus 1t s possible to consider the first
employment measure calculated, as a measure of poten-
tul demanders  of housig, ncluding both  existing
employees and new emplovees who have then place of
work, say in area 1 Subsequently, the next meastue
culeulated may be considered as a measure of aggiegite
potential demanders of housing m area « This demund
resuits from the previously calculated demanders, od-
justed by the spatial distribution of the potential supply of
houstng n sarntounding areas  Finally, the accessibhity
meuastire: for any ares 15 the result of the spetial



196 S H
distribution of the adjusted measure of demanders, again
for all surounding areas, and thus the accessibibity
meastre 1s one of accessibthity o potential demanders of
hotisimg

The measure of potential supply of housing in the
B ASS model 1s also constructed 1 a series of somewhat
obscure steps The prinaipal inputs mvolve the product of
ameasiire of the relative suitabihity of land m the area for
housing times the measure of the “holding capacity™ of
The switability measure involves a
normahized measwre of exasting nearhy housing stockhs
further adjusted by the slope ot the Lind in the area and
the proay measure of land value  The measure of
developable land imcludes previously existing vacant fand
as well as land made avinlable by demohliion of old
housing This entire product 1s then further modified by
CAORCNoUS of attractiveness, all of which
resulls, at best, o rather fuzzy notion of exactly what 1s
bemg calculated i this part of the model Finally, the
measure of potential supply of housing v multiphied by
the previously caleulated accessibility measure to obtam
what s called the demand potential  This demand
potential 15 then normahzed and converted to housing
demand by zone The demand s then matched with the
calculated housing supply by zone, with any excess
housimg demand bang saved for subsequent iterations of
the model

Again it should be noted that the BASS model occuptes
a prvotdl posttion i the stream of development of urban
lind use models Al the previously described models
develop a meastre or measures, of the atiractiveness and
dccesstblity of ecach sone and subsequently allocate
households to these 7ones i proportion to the measure
There 18 no consideration in these models as to the
availability of housing for the Jocating households While
a few efforts have been undertaken to model the housing
supply. none of these had been integrated with models of
the housimg demand A notable supply stde model was the
Arthur D Lattde study of the San Francisco Housing
Muarket o rather complex simulation of housing filtering,
construction, and demohition (Wolfe, 1967) The Herbert-
Stevens madel, descrnibed below, icludes housing supply
as one of the determinants of household location, but does
not attempt to generate estimates of housing supply
within the model Consequently, the BASS model, despite
many shortconmimgs, particelarly that of somewhat incom-
plete empmical support for an extremely long cham of
assertions i ats theoretical development, was the first
vperational model to hink exphcrtly the supply side to the
demand side Fyen now, after a decade, very few other
models huve attempted 1o deal with this rather cnincal
problem

A model with a very similar overall structure 1o the
BASS madel s the relatively recent NBER mode!
(Ingram, et al 1972) Whtle 1ty discussion at this pont is
chronologically out of sequence, 1t 1s appropriate to
discuss it here becuause 11 1s a step towards a more
micro-descriptive model and 1t 15 a4 somewhat better
mtegration of all of the necessary components for 4
complete model of the urban housing and household
system At the most general level, the notion of generating

the developable land

measures
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& spaniat distribution of housmg supphhv and o spatial
distribution of housing demand and then matching them 1s
contained 1n both BASS and NBER This notion s also
impheit in the Herbert-Stevens model which predates
both of these, but which accepts the housimg stock as
exogenous mput along with an exogenously supphed
househoid preference function  The
Model will be discussed helow

In the NBER maodel, the procedure for developing the
spatial distribution of honsing supply consists of three
principal steps Fust, a vacancy sub-model estimates the
housing vacancies by zone which develop as aresult of
houscholds vacating thew current housing Second. the
filtering sub-model estimates changes in housing quahty
buth negatively due to aging as well as positively due to
renpovations and 1epair The net result of this process s a

Herbhert-Stevens

distrihution of expected prices for vanous housing types
by zone Third, the supply sub-model for stmulating
demohtions, constructions, and structural transforma-
tions further modifies the distribution of housing stochks
The net result of these three sub-madels s the spatial
distribution of housing by tvpe and zone which s
-avitlable for occupancy by the housing demanders It
should he noted that while individual segments of these
submodels are rather different from actual parts of BASS,
there are many pomts at which the models are quite
similar

The demand estimating portion of the NBFR model
also contams thiee sub-models  First, the employment
location suh-model translates exogenously  developed
estimates  of Changes n employment location into
numbers of employees by place of work. income class,
and education cfass Second, the mover's sub-model
generates estimates of the numbers of housing deman-
ders These are the sum of inter-metiopohtan movers as
well as new household formations Finally, the demand
allocation sub-model allocates the housmng demanders to
the various housing types That vt determines the
distribution of kinds of housing which will he demanded
by the vartous types of households on 4 regionwide hasis

The final sub-model 1n the overall system 15 the market
clearing sub-model This sub-model s analogous to the
supply and demand matching sub-model 1n BASS and 1
rather aimifar to the essential components of the
Herbert-Stevens Model This sub-model utdizes a linear
programmung algorithm to find a least transport cost
allocation of housing demanders working in zone j to
housing supplies in zone + This allocation 15 done for one
housing type at a time with the mimmuzation being a
function of the transport costs  Transport cost s
computed by mode for each income class (household
type). by each residential zonre, and each work-place zone
The costis the weighted sum of out-of-pocket tavel cost
plus travel tme, which is converted to cost by weighung
with the imphcit wage rate of the income class for which it
1s being computed Having found cach of these least ¢ost
distributions, the model is concluded Housing prices are
up-dated and other puts prepared fo
regressions

The proposed Herbert-Stevens model mentioned above,
(Herbert, I D. Stevens, B, 1960) was the forerunner of

}
|
i

SuCCessive
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more than i decade ¢f continuing research on developing
an operational version of this concept of the dynamics of
urban spatial lecatton The model begins by assuming an
exising  distnibution  of  housing stocks as well as
knowledge about personal utlity or preference functions
of households The overall construct of the model 15
incremental in nature, the process being that of adding an
increment  of population 10 each zone The modei
presumes knowledge of household budget making activity
i that it makes use of u preference function w determine
houschold location Tt s assumed that each household
type has a fixed budget of which i certaun part must cover
costs of location which include amennty cost, housing cost
and transportation cost Further, it 18 assumed that the
household s willing to make certam tradeoffs between
these The remiring amount of money 18 what Hairis
11963, p 9 terms “bid-rents™ This amount 18 what 15
avatlable for land-remt The model then uses o hnear
progiamming algonthm to locate households so as to
maxtmize thesr bid-rent paying abihty (not the rents
actually paid however) The linear program allocation of
households to the housing stocks 1s such as to result 1n a
pareto-optimal dictnbution. That s, it would not be
possible to chinge that distnibution in order to make any
given household better off without making <ome other
household worse off with respect to the uulity level
received for the g:ven tud rent

Despite the rather brief description given above, the
conceptls embedded in this model are of particular
importince. A constderable quantity of important re-
search has bheen done on vanious aspects of the
Herbert-Stevens model, to which the reader s referred
(Harris, er al 1966 Wheaton, 1973) This work includes
extenstons to and revisions of the theory as well as
empirical estmation of the preference functions and
testing of model prototypes

The Urban Peiformance Model (Brown und Kirby
1971, 19714) 15 an clternative macro-descriptive construct
which falls «omewhere between the Lowry and the
Herbert=Srevens constructs The essence of the model 18
that each locator makes tradeoffs between “oppor-
tnties™ and Uqualny™ and attempts to locate at a point
where the highest ™elative othty™ s attained  This s
done by first calculating measures of “opportunities”
which, operattonally  are rather simple accessibihity
calculations The opportumties are a function ot access to
jobs and “non-job attractiveness”, where the jatter turns
ont to be a heavily massaged surrogate measure based on
non-work tnp travel times The “qualiny™ s mtended to be
A measure of “the satisfactions of urban hfe m that
locatron and its immediate surrounding™ Operationally 1t
appears to be a normalized measure of the proportion of
different resident types an all zones, weghted by the
distance from the sone of interest, 1, 1o each other zone §
and summed over all zones

Having calculmed these measures, the relative utility of
location i a particular zone is calculated as the product of
the opporiunities and the qualtty, each of which 18 rased
10 an empincally derived power, called an clastcny
exponent Since the values of opportumity and quality
change of a umit of activity s ltocated in a zone, it s

possible to caleulate a marginal vitity of location which 1s
the difference in relative utility due to the location of o
smatl quantity of a particular activiy

I ocation of activity 1s accomplished by calculating, for
each locator, a relative preference for euch zone. This
refative preference is the product of the ahove described
marginal utthty and a holding capacity which is an
evponential tunction of the product of the prior average
density of development of the locating actvity and an
exogenously supplied quantity o land  The ielative
preferences are then uscd to rank each zone  An
inciement of activity 1s located in the zone of greatest
relative prefercnce and the entire process is iterated unnl
all tocators are located

The docrmentation of this model s not sufficiently
detailed 1o further evaluate the mode!, and no discussion
of any empirical testing 1s provided At this pontat can
only be siid that the general construce of the UPM iy
somewhat 1nteresting, but there 15 no ind:cation as to its
operational usefulness

Non -Behavioral Models

While there are a number of these models which have
been developed. the only onc which has had sufficient use
and/or testing to be worth reviewing here. 1s the
EMPIRIC mode! This model, which was discuswed under
both market sensitive and non-market sensitive employ-
ment models above, is also regularly used for residentiol
forecasting A< mentioned above, the basis for such
maodels is that there 15 suffictent correlation between many
measures of urban attributes, and that these relationships
are sufficiently stable, to allow extrapolation via this
model to be reasonably accurate in most cases.

As stated above, the concept of the model

' may be stated as follows the change in the subregional shate
of a located variable mn each subarea 1w proportional Lo the
change tn the subregional share of all other located variables in
the subregion. the change in the subregional share of 4 number
of locator variables m the subregton, and the value of the
subregional shares of other focator vanables ™ (Hill et al 1666)

The model assumes an additive Itnear construct Since
many of the important measures of urban attnibutes are
highly correlated and rather stuble, it 15 usually possible to
obtain reasonably good fits of this model to the data The
selection of which variables to test i fitting the mode!
involves educated guesses as to what will work, based on
the considerable prior expertence which has been had 1n
the use of this model. Criticssm of the model stems
prinapally from ats lack of any gentune theorenical
construct A survey of reports based on the model's use ir
several cittes mdicates that whatever varmbles produce
the best statistical fit, those are the ones selected for use
Often the signs of the coefficients of these varables, not
to mention their defimtions, do not have any 1easonuble
theoretical relationship to what 1s currently known about
the determimants of urban phenomena Despite this, at
must Le acmitted that, given the good statishical fits which
are ohtaized, 1t is to be expected that this model under
stable conditions, will produce teasonable forecusts for
many sitwations  The degree: to which this model’s
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petformance (s either better or worse than some of the
behavioral models has not yet been determined

There are” which could have been
reviewed here One i particular to which the reader’s
Tattention s called, has recently been completed and
iepresents an important further step in model develop-
ment (Birch, er al 1973) Wilson's enttopy-maxinuzing
approach, which 15 more a means of analysts than an
actual model. should he reviewed by prospective model
users or butlders (Wilson, 1970} Many other models are
omiutted due to lack of genuine differences from those
already mcluded. lack of documentation, fuck of space in
an already overly long paper, and limits on this author’s
time The main stream of modelling m this area has been
covered, however, along with o few peripherdal excur-
s1ons

In conclusion it can be seen that there has been rather a
lot of work done i this area which does mdicate slow
progress 1 untavelling the Gordian knot of urban
phenomend To the extent that prognostication i1s n order
the Herberi=Stevens, with modifications by Harrs, and
the BASS-NBIR stieams of thought, perhaps aided by
nottons from Wilson's entropy-maximizing approach, are
the hikely source of major future developments

In the next. and last. section of this paper a project
invalving the tegration of a much modhified version of an
existing Jand use model with a transportation network
model 15 described as an example of an attempt to
determine some of the urban phenomena which are not
captured by any of these tvpes of mmodel operdated
isolation from the others

more  models

4 URBAN TRANSPORIATION NFTWORK MODELS
AND THEIR INTIGRATION WITH 1 AND USE MODELS
Transportation Network Models
There are o number of computer programs or sets of
programs generally known as “network packages™ These
geneially contan procedutes for accomplishing  the
following tasks

I Tup Generution o determination of the number of
trips ongmating from each zone of the area under
investigation, often by means of muluple regression
analywas based on houschold survey data

2 Frip Distiibution o determination of the ornigm-
destination pattern of the tnps estimated i ! Produces a
matrix of trips fiom each ongin to each destination, often
by calibrating a gravity model to fit trip-interview data

3 Modal Sphit o determination of the number of trips
from 2, which will travel on each avaifable mode Done in
a wvarrety of ways, sometimes
sometimes jointly with 4

4 Trnp Assignment the determination of the paths
through the network(s) which will be taken by the vurious
trips, and the subsequent assignment of the tips 1o those
paths

idependent of and

The trip-assignment component of this process 1s
sometimes augmented by the addibon of a capacity-
restraint or volume-capacity function This i< an expres-
sion which describes the time 1o traverse a network link as
a function of the design capacity of the link, 18

H Putvaw

hypothetical free-flow volume. and s actual volume The
hasic notion here 15 that as the volume on a link increases
the hink becomes more congested and cach additional
“vehicle™ encounters a somewhat longer travel ume for
that hink When a capacity-restramt function is mdluded in
the tnip-assignment procedure, 1t is clear that some form
of iterative solution must be adopted so that the problem
of some trips being ussigned to an “empty” network and
some to a “full”™ or congested network can be properly
resolved There are many ways of domng this all of them
being more-or-less arbitrary One procedure which seems
« hittle less arbitrary than many others involves assigning a
portion of each ongin's tnips to all destinations and then
repeating this process several times say, loading 0%,
40%, and 20% of the trips in three passes through the
assignment routine (Kuner 1973a)

All this s by way of an introducuon since. n fact, very
few urban land wse models ever have any direct
connection to the networh puckage The standard
procedure 15 to utihize the “hnk-table™ from the finyl
network loading as the basis for finding the mmimum path
from each zone to each other zone These paths are used
to prepare a matrix of zone-to-zone travel times This
matrix of travel times or rimpedances is the wsudal form of
transportation mput to lund use models

In this final section of the paper an example of the use
of an mtegrated land use model and transportation
network package 15 described The pachage was de-
veloped to analyze the problem of determiming the
teasibibty of balunced development of land use and
transportation fucilities, and to determme whether or not
land development and travel could be brought mnto
satisfactory balance, such that transportabion improve-
ments made could provide a continumg high level of
service over ime (Putman, et al 1973) The essence then,
of the problem wus that of controlling (1e altering,
directing, and modifying) the spatial organization of the
metropolis In particular the concern was with spatial
expanston and with the feasihility of balanced develop
ment of land use and transportation facthties. Further,if 1t
appeared that bhalanced developmert was feasble. there
was the problem of testing what means (policies) would be
relevant to achieving that balance

An Integrated Model Pachage

Two aspects of the problem were the principal
determmants of the method of approach The first was
that of the inherent complexity of a comprehensive
analysis of both transportation and land use The second
was the requirement for o self-consistent procedure for
testing the sensitivity and response of transpottation and
land use to polictes for therr manipulation Unfortunately,
the state-of-the-art n simulation modelling of urban and
regional phenomena continues to pose « problem for
projects of this sort In general, those models which have
had operational success are. at present, rather too highly
aggregated in both spatial and sectoral detadd as well us i
concept Two such models, as reviewed above, are
EMPIRIC and PLLUM On the other hand. those models
which are more conceptually complete and which could
provide highly detailed forecasts, are not yet operational
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An example of one such model, also reviewed above, 1§
the Herbert-Stevens model as subszquently modified at
the University of Pennsylvama Nonetheless, it was clear
from the outset, that an appropriate model package would
need to be even more complete (and therefore complex)
than any previous effort It was required that a complete
system, r.e population and employment sectors, land use
model and & complete 1 e. pubhic and private, transporta-
tion network model, be assembled The overall system of
models had to be highly ategrated wath respect to model
nputs, outputs, and feedback loops. By this mntegration
the model packuge would attempt to ehmmate the
principai failing of contemporary land-use or transporta-
tion studes, by expliaitly including these feedback loops.

Typecally a transportation study assumes o future Jand
use pattern as given, and’designs a transportation system
to cope with 1t This procedure ignores the redistnbutive
effects which are produced by the construction of the
system  Transportation systems obviously do not just
suddenly appear, but are constructed In stages with
consequent redistribution of activities all during the
period of construction. The tvpical land use study accepts
a transportation system as given, and then estimates the
consequestt distribution of activities while 1ignoring the
congestive effects of that distribution on the network The
mode! package as described above, attempts to capture
the interrelutedness of the transportation system and the
distibution of acuivities This comprehensiveness was
clearly mecessary to meet the research objectives of the
project regarding the feaasibility of balance between
transportation facihties and patterns of land use, as well
as the testing of policies to achieve such a balance.

The general structure ot the model package was to work
as follows First, the vanous base-year data as to the
obtaining spatial distributions of activity, along with data
on the charactenstics of the unloaded base year
transportafion network were to be input These data
wotld then be used to gencrate a prehminary, and
probably inflated, estimate of base year trips tuking place
in the metropohtan area Given this prelminary estimate
of trips, it becomes possible 1o load the future (projection
year) network >0 that its travel characteristics 1 & time
and cost, reflect the trafic volumes which wouia be on the
nctwerk if there were no change tn the spatial distribution
of activities from the base year. These netwosk charac-
teristics, along with the base year data and the projection
year control totals would than be u<ed t¢ generate a
spatial distisbution of activities for the projection year
From this spatial disiribution i new estimate of metropoh-
tan tips would be produced These would, in turn, be
loaded on the projection year transportation network The
modified churactensties of the tiansportation networks
would then be used to reallocate the projection year
spatial distnbution of activities, This distribution of
activities would then be compared to the first estimate
thereof. If there were no significant differences an
equiltbrium would have been reached and the model 1un
ended. If there were significant diffcrences, new trips
would be generated and loaded on the networks and
further ierations run

1t 18 very often the case 1n complex simulation studies

TR Vol 9 No 1-H

that the operational version of the model system 15
somewhat less comprehensive than the system ornginally
proposed While some simphfications were necessary in
the study, the principal goal of an integrated transporta-
ton model and land use model was attatied The land use
model used n the operational irodel packuge was the
IPLUM model, which was reviewed above This model
accepts the spatial distribution of “"hasic™ employment as
mput -and then solves tor the inlerelated spatial
distnibutions of popaiation and “‘nop-basic™ or “local-
serving” employment. Regonal levels of activity are
exogenously determined, thougir this 18 not a particularly
unusual situation, as virtually all urban land use models
have this property Further, the “basic™ employment
location must be forecast exogenously Actually these
forecasts come from a separate inodel, BEMOD, which iy
reviewed abcve, but BEMOD was not mcluded 1n ihe
model package. Consequently, the spatial disinbutions of
these activities are independent of the remander of the
activittes in the model package ie. population, “nen-
basic” employment, and transportation networks This
assumption s clearly nol valid over any substuntial
projection period and is an aspect of the model
package which should be improved. Ore possibility
would be to integrate the modelling-of all employment
locations, hink this to the residential model and link this
overall model to the network model, but this would be
very ambitious undertaking and remains several years n
the future, The level of sectoral aggregation in the PLUM
mode] is rather more gross thoan 1s desirable, but was
tolerable in the preliminary development of the pachuage

As described above, the principle deierminants of
spatial distributions of activities in IPLUM are access to
workplaces for population, and access to customers for
non-basic employment The access measures e non-
hinear functions of travel-times weighted by attractiveness
measures of the “trip destinations™ The actual altocation
functions used in the IPI.LUM model have never been
subjected to thorough statistical examination, and our
early experience with model ruas mdicated that there was
too heavy a reliance on somewhat arbitrary “'correciion-
factors”. Consequently, a thorough investigation of the
model algorithms was made, and they have since heen
modified These modifications appear to have substan-
tialty smproved the model’s allocations, though attempts
to evaluate these improvements have nol yet been
completed Of course, as 1s the case with all other urban
land use models, IPLUM's rehatility for specific smali
area forecasts 1¢ considerably less than that for general
regional patterns

The transportation mode! pachage selected for use m
the package was developed by the Flarning Sciences
Group at the University of Pennsylvama (Kuner, 1973) It
contains programs for aetwork codirg, tree tracing, and
several alternative capacitated truffic assignment proce-
dures The principal connection going from [PLUM to the
Network model s via tiip generation That 15, the min
phenomenon which reiates the spatial distnbution of
activittes back to the trarsportzhon faciliues s spectfied
in terms of the wips between activities which make use of
the transpurtation system Two types of trps are
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considered, work-trips and non-work-tnps As mentioned
above, in many tiansportation studies where land use
projection models are bemg utihized, the work-tnps are
genetated by separate procedures These trip patterns,
 bemg ndependently calculuted, may not be consistent
with the work-tnips implictt i the land use model’s
patterns of residence and workplace In IPLUM the
location of restdences 1s generated by work-trip allocation
functions based on transportation impedances und the
locations of workplaces In so domng, IPLUM implicitly
generates a matrx of work-to-home trips which, in this
mode! package, are extracted and used as the package's
work-trips - Simularly, the location of “non-basic™ or
“locul-serving™ employment in the [PLUM model 1s
generated by home-to-shop and work-to-shop allocation
functions based on transportation impedances and the
locations of the activities This procedure generates an
unphcit matrix of shopping trips which are extracted, and
by « somewhat different procedure involving the use of a
gravity model type algorithm for balancing the ongins and
destinations of the tnps, are used as the package's
non-work tnps In the present version of the model
package, peak-hour work trnips and shopping trips are
loaded on the networks A proble'm to be resolved for
later versions of the model package 15 that of other non-
work-trips besides the shoppmg tnips Currently shopping
trips are “inflated™ to equal all non-work trips  Addition-
ally, the problem of mass transportation factities was
ignored  There s, however, no reason to preclude its
incluston v the model package 1o future efforts This
would tnvolve construction of a modal-split model and a
procedure for dealing with multi-modal networks m the
IPL.UM allocation functions Neither of these appear to
present msurmountable problems for future efforts

1965 REGIONAL
TOTALS
BASE YEAR (1965,
BASIC EMPLOYMENT PLUM
1965 FREE FLOW 1965
HIGHWAY NE T WORKS TRIP MATRIX
NETWORK
MODEL

“1980" LOADED
HIGHWAY

S H PurMay

Several alternative procedures for loading trips on the
network were tested und are descnbed elsewhere (Kuner,
1973a) The procedure used, called “Partial incremental
accumulative trip method,” 15 a modification of one
developed at the Chicago Area Transportation Study.
Beginning with a free-flow network, a single tree 15 truced
(te all the minimum paths from that origin to all
destinations) Onto these paths a portion of the trips from
that origin to the various destinations 1s loaded By use of
a volume-cupacity relationship, the new volumes on the
links of the tree are used to calculate new travel times
Then a new origin 1s selected, a new tree 1s traced, and the
process 1s repeated When a tree has been traced for each
ongin, the network will have been loaded with a portion of
all the trips This over-all procedure 1s then repeated.
Currently the package loads the networks tn three passes
of 40%, 40% and 20% of the trips respectively. After the
network loading procedures have been completed a
matrix of travel times from each zone to each other zone,
via the minimum path on the loaded network, 1s calculated
for input to the land use model

The first tests of the model package were done for a
small prototype urban region of eight areas, while later,
full-scale runs, used San Francisco Bay area data The
current form of the model system utilizes two forms of
the PLLUM model The first of these 1s essentially the
PL.UM *“state”-vanables model where the forecasts are
made 1n terms of the values of varwables at time 1 The
second form of the model 1s the incremental vandble
version, IPLLUM, where the forecasts are made i terms
of changes in values of vanables from time f — 1 to time t.
These changes are then added to the base values (ie
those at time f-1) to yield the forecasts of time t

variables The assemblage of models used_for_these runs——----—-

1980 REGIONAL

NE TWORKS

1980 FREE FLOW

HIGHWAY NETWORKS

TOTALS
1980 BASIC IPLUM
EMPLOYMENT | (SECOND TRIAL)
1980
IPLUM TRIP MATRIX
(FIRST TRIAL) (SECOND TRIAL )
1980
TRIP MATRIX AR
(FIRST TRIAL)
1980 LOADED
NE&;OETK HIGHWAY NE TWORKS
(SECOND TRIAL )
1980 LOADED F’J CONTINUED FOR
HGHWAY NE T WORKS ADDITIONAL
(FIRST TRIAL) ITERATIONS

Fig 1 Schematic of experimental model runs
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is shown in Fig | Bauwally the procedure mvolves a run
of PLLUM to generate buse-year trip matrices for mput,
after loading onto a retwork, to the IPLLUM model After
this, successive aterations of IPLUM and the network
model ure run

If, as suggested above, important iterrelationships are,
indeed, customarily 1ignoied by the typical transportation
study or typical land-use siudy, cither of which assumes
fixed values for the other, then these model runs should
have indwated wignificant and systematic difterences in
output from such “unintegrated” runs In particular. in
terms of the degree to which acceswbility shapes
metropolitan areis cne would have expected

(a) M Land use foreca~ts are made based ona free-flow
networh or o network where flows, and therefore
congestion, are stgniacantly less than would realisticaliy
be present, the over-ull spata! distribution of activities
will be more dispersed than is reuhistic

(b) An excessively dispersed pattern of activities will
produce overestimates of tripmaking and network conges-
ton

(¢) If lund us2 forecasts are mude based on over-
congested networhs, the over-all spatial distribution of
activities will be excessively concentrated

(d} An-excessively concentrated paltern of activities
will produce underestimates of tripmahmg and nciwork
congestion

Given these expectations, 1t was to be anticipated tha a
limked tand-use und tansportation model would osciffate
between decentrahization and centraliziation and conse-
quent overcongestion and “undercongestion”

The aciual results obtaned from the model runs were
generally as expected and produced better land use
forecasts than those obtwinuble from a land-use model not
hnked with feedbacks to a trunsportation model This
seemed to be most evident i subareas which are, n
reality, experiencing rapid development Many of the
indwvidual results observed would not have been predicted
by a sepatate land-use or sepaiate transportatton model
Conscguently,” wale  there reman many  areas  for
improvement of the model package, these results clearly
demonstrated the need to approach the use of these
models inoa systematic way and that even though the
individual models may have then defictencies there s
much to be learned from mtegrating them and studymng
the properties of the whole system

Concluston

1t s difficult, having come this far, to think of how to
conclude this teview Tn some cases a great deal of effort
on a particular modelhng progect has been discussed here
it Just o few hines of text This author 1s at least as aware
Js anyone else of the advantages of hmdsight in reviewing
such efforts Fach model builder has surely tried to do the
best possible job, wiven the time, resources, and then
current state-of-the art Perhaps in 1emunding model
builders, and in presenting to prospective model users, of
what has gone before, tnrs work will help to improve what
IS yel to come
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Calibrating a Disaggregated Residential Allocation
Model—DRAM

S.H,PUTMAN
University of Pennsylvan;a

Introduction
As part of a research effort, sponsored by the Natinna! Science Foundation,
"to compare the petformances of two different land-use models calibrated
on the same data base, several fundomental problems in urban land-use
samodeiling have veen encountered and partially resolved, In particular, the
fact that no Lowry-derivative, land-use model had ever been properly
calibrated in work done in the US became abundantly clear. In order,
then, to accomphish the desired comparison of different models on a
common data base, it became necessary to develop a calibration procedure
tor these models.  The development of this calibration procedure
sugeested, i turn, a reformulation of the model o one which appears
to be much superior to the original and which is sufficiently different to
justify a new name, Disaggregated Residential Allocation Model —DRAWM,
to differentiate it from its predecessor. A rather unique characteristic of
this inodel, cast 1n entropy-maximizing form, is its multivariate attractiveness
measure,
Background '
The development of the Lowry model of land-use distribution (Lowry,
1964), along ‘with that of numerous derivatives of its basic structure, has
been described elsewhere (Goldner, 1971, Putman, 1975). Some years
aiter development of these models had begun in the US, further
\ubstantil developnient of them was undertaken in Great Britain (Batty,
1972). Interestingly, despite the fact that the model origiated n the
US, some oi the most fruitful work in extending the concept has been
done in recent years in Great Britain. Further, and of critical importance
to uapplications of the model, the question of estimation of the model’s
parameters has (as far as I know) never been propertly settled in any US
work, with perhaps one exceprtion, that of Voorhees and associates (1972).
I contrust, 1t appears that the British work has produced rather conclusive
evidence about the means by which these models may be calibrated
{Batty, 1970; Batty and Mackie, 1972),

A modified version of the Incremental Projective Land Use Model
(IPLUM) was used in the Integrated Trunsportation and Land Use Package
(ITLUP). This ITLUDP version of IPLUM is fully described elsewhere
(Putman. 1973). In brief, the residential portion of this model allocates
increments of residential locators to their places of residence in response
to increments in basic employment and changes in the transportation
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facilities. This response is determined by u probability function that
describes the distribution of work trips, and by a measure of residential
attractiveness for each potential location zone. The purpose of this paper
1s to outlme the steps thought to be necessary for a proper calibration of
the ITLUP-IPLUM model, and which ultmately led to the development
of DRAM,

Virtually all derivates of the Lowry mode! used in the US have, as their
residentiul-allocation function, some form of the following expression:

N, =g p,kE, (h
]

where \ _
N, s the number of residential locators locating in arda 1,
Py s the probability of hving in area i and workmg n area 4,
L, s the number of employecs 1n area j, and
g 1y a scaling tactor such that the sum ol the .V, over all 1 1s equal to
an exogenous control total

There are olten other scaling or multiphier factors to convert from
employees to households and to ensure various types of internal
consistency.

The prébability p,, is the most important component of equation (1).
In the orgimal Lowry model, the function used was

py = (d,)" 3R (2)

«,, s the wrline distance between the centrowds of area i and area j, and
R 1s the number of zones in an annulus ¢,, miles from the origin.

In vanious dervatives ot the Lowry model, p,, is modified to include
measures ol the attractiveness of area /. In particulur, in the ITLUP form
ol IPLUNM,

py = 1d,))0, , (3)
where
g8 ( B ) ’ : )
td,) = sexpla—— ], 4)
) T g d,

O, is a meusute of residential ‘opportunities’ in /,
d, 1s proportionadl to the travel time between centroids of zones ¢ and J,
and
a,B are empincally derived parameters.
The measure of opportunitics is basically an adjusted measure of
restdential holding capacity (previous level of residential density times
amount of available land). The adjustment, (J,, is a logistic-curve function

L. | I
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of the proportion of the developable land in zone ¢ that has been
developed by the end of the base time peried. Thus
s . .
O, = q (a—:) t2, (5)
where
a; s the vacant acreage in zone |,
fi, 15 the number of housing tinits in zone /,
a;  is the residential acreage in zone §, and
{), is a factor that denotes the level of development.
s factor is defined as

Y .
0 = 1 (oo
(1 - v)expl(dx})
where
~, 8 are parameters, and.
x, 15 the percentage of developable land area in zone § that has been
developed.

The parameters of the trip function were estimated by fitting the
cquation to observed woik-trip distributions fiom the San Francisco area.
The parameters ol the development-level function, ¢,, have not been
statistically estimated nor has the complete probability function, p,, been
fitted to any actual data. It was precisely tlus fitting which was necessary,
but which had never been done (with the exception of Voorhees’ attempr)
in US work with derivauves of the Lowry model.

(6)

Reformulation of the model
In all of these models the essence of the residential allocations is cither
the work-trip (home-to-work or work-to-honie) or a combination of the
work-trip with imeasures of attractiveness ot the potentiai residential
locations. Hence a set of work trips is implied when any of these models
1s used 1o estimate residential locations, but very hittle use has bcen made
. of this fact in US work. Yet, it is precisely the existence of these implicit
trip matoees that leads to a more satisfactory method of estimating the
parumeters of these models. The use of IPLUM in the ITLUP package is
a particular exczption to the usual pracuice of ignoring these implicit
trips. In this case these implicit wortk trips are made explicit by extracting
the trips from the model directly. and these trips are later used to load the
transport network (Putman,’1973),

It is a virtue (and perhaps, 1in the first instance, was the source) of the
Wilson entropy-maximizing approach to the analysis of these models that
the question of these trips is made exphicit (Wilson, 1967). For example,
based on this approach (Wilson, 1970), the Lowry model may be
rewritten uas

T, =k 1(c,) . (7)

L
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where

7, s the number of persons working in zone j and residing in zone ¢,

£, s the number of persons working m sone 7, and

¢, s the impedence (usually travel time or travel cost) between centroids
of zone i and zone j.

An important problem of this formulation 1s that there 1s no constraint on

the sums ol trips, in which case there 1s no reason to expect that
- _ \
LT, =1 . (8)
i

This implies that the number of employees in zone ; will not necessarily
be equal to the sum ot the employees resding in all zones 1 who claim to
work mn zonv 4. R

A sunple fesidential-location model may be derived from entropy-
maxinzing concepts as follows

T, = A,B,0,E (c,) , ' (9)

i
i

where now

7, is the number of trips between zones 7 and /7, or the number of
persons hving in zone / and working in zone J,

O, s the number of trip origins, or the number of employed persons
living in zone i,

£, s the number of trip destinations or the number of employees
emploved 1n zone J,

A, 15 a halancing factor for trip origins, - -

s u bulunuing factor for trip destinations, and

s an impedance function.

1t 1s possible to replace the trip onigins 0, by a measure of attractiveness
of the vrum zone, W,. This eliminates the need for the origins balancing
Lactor .1,, thus giving

T = I WE (c,) . (10)

&=

Cy

In order for the constraint on the sums of trip destinations, given byr
equation (8), to be met, we have

1
B =< — . (11
bLWf(e,) \ )
It 1s informative to substitute this expression back into the original
equation (Senior, 1973), this yields
_ v, t‘(cL)__ ' (12)

T =1
iy ) E [Vl r((.,/) .

If the term W, f(c,) is called an ‘accessibility attractiveness’ measure, then
the fraction in equation (12) is a relative measure of the accessibility -
attractiveness of zone ¢ to zone y compared to all other zones 1.

Anllen

W LA
7



Further, 1t is clear that the total number of employed residents residing in
zone ¢ is

(13)

=™
&3

N, =Y Jlfs{‘_u Mey) '1 (14)

W l(c,,,

if one is willing to ussert that
Ty e, )
Zn fe,) ' >

then equatton {14) is equivalent to saying that

}\I’ = zl;][,u s (]5)
/

which is the same function as that of the Lowry model, and described in
equation (1).

Thus it can be seen that the IPLUM allocation procedure may be
considered, in the context of the entropy-maximizing formulation, as a
simple residentiul-location modei. However, IPLUM is a dynamic model
in that it ¢stimates changes in the number of residential locators as
follows:

AN, = Y(AE)p, , (16)

where

AN, is the change in the number of employed residents of zone  from
titne 7 to time t+1,

AF, is the change in thc number of employecs in zone ;y {rom time ¢ to
time ¢+ 1, and

p, is the probubility that a person will live in zone / and work in zone j,
at ttme ¢+ 1,

A question arises here as tc whether Ap, might be more appropriate in
the new formulation than p,.” Unfortunately, the resolution of this question
leads to the lurther question, among others, of location of in-migrants versus
the location of mtrametropolitan movers. In-migrants probably make their
location decisions somewhat differently than the intrametropolitan movers.
None of the Lowry class of models deals properly with this question. The
TOMM models (Crecine, 1964; 1969) do so in a very superficial way by
ineans of the ‘stable-household’ functions. It was not possible to resoive
tlus problem in the current work, so the existing practice of using p, has
becn muaintained for the present. Furthermore, as will be discussed below,

it was the static form of the model that was {inally estimated.
J S
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Calibration: initial discussion

To date, virtually all attempts in the US to cahibrate these models have
involved assorted procedures, no one ot which uchieved any more than a
partial calibration of the allocation function. Some procedures have fitted
{(d,), as 1n equatton (2) or equation (4), to observed tnp data without
taking 1nto account the effects of the characteristics of the origin zone or
the destination zone. Other calibration attempts have [itted a function
with v, as the dependent variable and vanous characteristics of zone J as
independent vanables, thus ignoring any explicit consideration of the trip
distribution.  Netther of these two procedures nor any of thewr many
varations 1§ capable of estimating properly the parameters of such a
model. .

For a model expressed in the form of equation (9), the only parameter(s)
to be estimuted s that/are those which may be included in f(c,). It has
been shown that, in fitting the parameters for such a model, statistics that
summuarized the goodness-of-fit of the work-trip distributions were much
more sensitive to changes i model parameters than those that summarized
the goodness-of-fit of the activity distnibutions (Batty, 1970). This result
argues tor the use, when possible, of work-trnip statistics as criteria for
model calibration. Other work has derived several types of statistics that
have summuarized the distrnibutions of the work trnps, each of which is
appropriate for particular functional forms of f(¢,) (Hyman, 1969).

A problem posed by the form ot the model shown in equation (10) is
that I, the attractiveness measure, 15 not & directly observable or
measurable varable.  In one attempt to model this, the number of
dwellings o zone 1 or the population m zone 1 were proposed as proxy
MU ol 1, (Cripps and Foot, 1969). Population was finally selected
and produced quate acceptable calibration results  [n another attempt,
usable fand arca in zone ¢ was suggested as 4 proxy measure of J¥; (Barras
‘tal, 1971). In both of these cases, by using a single proxy vaniable for
W,, calibration of the model remains a matter of cstimating the parameter(s)
of f(c,).

In these cases, as well as those using the onginal form of the model in
equation (9), the calibration process involves, (1) selecting starting values
of the parameters, (2) estimating the trip distribution, (3) comparing the
estimated trip distribution to the actual trip distribution, (4) revising the
parameter values, and (5) tterating to find the best-fit parameter values.
Work has been done on efficient means of doing this (Hyman, 1969,
Batty and Mackie, 1972).

At this point, 1t becomes necessary to introduce a further consideration,
the need to disaggregate the residential locators into types. First, we
acknowledge that this disaggregation may easily be described 1in terms of
the entropy-maximizing approach by considering 7;,’“" to be the number of
employees of type w who work n zone 7 und live 1n type & housing in
zone 1. An appropriate set of equations and constraints tan be developed



to cover this situation as well as several others (Wilson, 1970). Solving
such a model involves an endogenous procedure for estimating the housing
stock by zone. This is not a welcome prospect. for our current research
efforts, though clearly it is a consideration for the future. What is
necessary, then, is a mode! in the form of equation {10), but disaggregated
only by type of locator. This may be written as

TF = BXE, Wk (¢,) , (17)

where

pk :[ W‘k i :' Jﬁl . (ré&)
9, 2’ A(C;)

¥

Second, it seemed desirable to investigate the use of a multivariate
attractivencss measure. There is empirical evidence that the attractiveness
of zone ¢ 1s a function cf, among other variables, the distribution ol
household types living in zone i (Putman,; 1973). This evidence suggests
that the attractiveness of a zone to a particular household type is a
function of the percentage composition of household types in that zone.
Further, the amount of developable land in u zone secems to be a
determining factor in residential location, as does a developability factor
which appears to act as a proxy variable for the extent of the available
urban infrastructure. Thus W¥ may be defined as follows:

ve ||
Wk = T"ak, zl“\"/—' LY O, (19)
g J

where

a;’: are parameters fo be estimated,

N,g 15 the number of households of type g in zone i (note the g
household types correspond directly to the & household types),
is ressdential density, that is houscholds acre™ n zone i,

LY 1s the available, developable, vacant land in zone 7, and

(J; has the same definition as in equation (6).

The parameters in the expression for , may be estimated independently
of the rest ot the model The\ parameters u;‘,' need to be cstimated within
the structure ol the model, 1n addition, the parameter(s) of f (c,) must
also be estunated 1n the same way.

The precise form of the modcl desired would be, as in the previous
discussions, dynamic rather than static, that is

ATH = B} WHAER), (c,) . (20

To do this 1t would be necessary to have data for AT and AEF. While
this work was in progress these data were not available, so it was 1mp0551ble
to estimate any but the static model.

L. | o
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In order to specity data requirements 1t will be helpful to write out the
model m tull - Thus

Th = BfWE LT (cy) . 1)
Substituting for B) and W} we obtain

(chif Nlm/Z-/Vlgt>rnL:leurl\(('ul)
T = EFe =" £ . (22)

2| 2a (N,,,,,/ ¥ M) | rulQula cur)

Thus the required data are
75, the number of persons of type & employed in area; and living in
drea ¢ at time /, "
L,", the number of persons of type & employed 1n zone y at time ¢,
N,e the number of households of type g hiving in zone ¢ at time ¢,
r, ressdential density (houscholds acre™ ) i cone ¢ at time ¢,
L}, wvacant, developable land in zone ¢ at time ¢,
Q,, a development index, as described above, for zone i, and
¢, travel cost (impedance) between the centroids of zones / and j at
time /.

A further problem occurs with the definitions of 7:,",, Ef,, and N,.
E% 1s defined as number of persons of type & working in zone ; at time ¢,
and 7],"; 15 the number of persons of type & emploved 1n area 7 and hving
in area ¢ at time 2. However, N, 1s the number of households of type g
living m zone ¢ at time f. Clearly a conversion from employees to
houscholds is necessary at some point in the process. In order to simplify
the conversion of T to vehicle trips for use i the network model; it will
be most convenient to make the conversion at the restdence end of the trip.
Thus a muatrix tor converting households of type ¢ to employees of type A
must be developed from regional data tor the regions to which the model
‘s being fitted. Tlus wus done when the mode! was applied to San
Francisco and Minneapolis-St Paul, but the use of these regional
conversion rates across the board makes 1t necessary to keep careful track
of this conversion throughout the calibration process.

Calibration results: ‘partial estimates o
Inttially, 1t was intended that before the complete model cquation was
fitted, preliminary estimates of its parameters would be developed by
partial estimation of them by least-squares regression. This was later found
to be unnecessary. but some of the results related to the independent
Litting of the trip distnibution are of some interest,

It will be recatled that in equations (2) and (4) above, the distance
functions used 1in the Lowry model and 1n PLUM were given. These are
but two of a vast number of functions that could be fitted to trip-making
data. To test scveral of these, a tabulation of the first work trips from
the San Francisco Home Interview data file was prepared. These trips

_f__'_lg



were tabulated according to the household and employment classes,
enumerated earlier, for the 291 zone areal system. The distributions were
then normatlized and the resulting distributions were fitted, using a nonlinear
least-squares procedure, to several different functions. The work-trip
distributions took the familiar form shown in fligure 1.

Of the various functions investigated, several types of the gamma
distribution seemed to produce the best fits. The general form of this
distribution s

v = c*exp{f(v)y,
\

(23)

where
v s the number of trips, or trip frequency,
¢ is the trip time or cost.

The specilic functions that best fitted the data were sometimes best in
one houschold income class and sometimes best in another; no one
function was best for all four income classes. The function selected for
further work on this prototype wus

r = c*exp(—PBc). : 24

This function, known as Tanner’s function, had been used in this type of
model elsewhere (Cripps and Foot, 1969). The best-tit parameters for
the 291 zone system in San Francisco are shown in table 1. These T
parameters in Tanner’s function do yield the skewed, peaked, curve shown
above. .

In the cahibrations described below, the San Francisco dara were

_aggregated to a thirty-zone system, thus increasing to greater than eight

L

minutes the three-minute, average travel time between adjacent zones of

Number of trips

Truvel tune

Figure 1. Typical intraurban work-trip distribution.

Table 1. Parameters of the work-trip function for San Francisco.

Income class ($) a B !
0-4999 0-383 0-900
5000-9999 0-750 0-963
10000-14999 0-849 0-992
>15000 0-784 0-990
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the 291 zone system. At that scale all the values of o become negative and
Lanner’s function takes on theappearance of a simple, declining exponential
hunction.  For the Minneapohs=-St Paul calbration fapproximately a 100
cone system) the level of disaggregation 1s sufficient for a to be positive
agam and for the skewed peaked curve to reuppear. Al of this reinforces
the proposition that the level of sputml'zlggreganon, or disaggregation, has -
noticeable ¢lfects on the apparent functional forms of these models.

Calibration results: complete estimates for San Francisco

I'he preliminary estimates of parts of the model were of very little use,
exceept that they indicated that a product tormulation for ¥ would probubly
yield better fits than the sum form mmtially proposed, .consequently
equation (22) was rewiitten. First, let

NE o\ ad
i = T e 1 | (25)
! DAY Jﬂ !

- 14

where
\$§ 15 the number of type g houscholds in arcu 1, and
X s o measure of attribute 12 of zone 1.
It was hoped that the attractiveness measure would contimmue to include
intrinsic neighborhood attractiveness, as indicated by the household types
located there, a measure of ‘capacity’ for development, and a measure of
developabihity in terms of infrastructure. Varous attributes were tested,
mcludmg residential density, vacant developable land, percentage of
developable land developed, and percentage of industnal (basic) land.
The vanables that were finally selected are
nf  the percentuge of the total households in zone ¢ which are of type 4,
L the avalable, developable land in zone 1,
*dthe pereentage of developable land m zone ¢ which huas been
developed, and
r, the restdential density (households acre™ ) in zone 1.
Thus the form ol ¥ used in the final calibrations was (using four household
types)

4
Wk = [ ﬂl Ilf'(cxpag)JL,‘”SL,d"ﬂ ré. (26)
g:
Note that, based on the preliminary estimates, it was decided to replace
the development-level factor, Q,, by a simple measure of existing level of
development, LY.
Then, rewriting equation (23) we get

. Wefe,.)
Th = B | @7
t " Z W,"_, f(c,.)

[ — prm——
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Now there are two ways m which the parameters may be estimated. First,

the simplest case, is by looking at the distribution(s) of the activitics. In

tius case, Z 7;,", 1s the number of households of class A living in i, by
)

definition. Thus

r

NE = Y L"‘ | aften) (28)
| Z WEf(e,.)

Consequentiy 1t is possible to estimate the parameters i the functions 1Y

and f(e), and this may be called calibration of the aggregated form of the

model. *

"Howecever, various authors have asserted that there are disadvantages in
calibrating the aggregated form of the model. Their remedy for these
problems involves calibration of the disaggregated form of the model given
in equaiion (27), It is en unfortunate fact that in order to calibrate the
disaggregated form of the model it is necessary to have a good source of
trip data.  In the work descnbed here there were questions about the
quality of these data. If, at some later date, these questions can be
satisfactorily resolved, along with the development of an acceptable

expansion of the San Francisco ‘sample’ to an estimate of the ‘population’,
! 8

then a calibrution of the disaggregated form may be undertaken. In the

meantune, cabibration has been undertaken for the aggregated form of the

model only.

It is immediately obvious that equation (28) cannot be fitted to a data
set by using the traditional procedures of linear or even nonlinear
multiple regression. In fact the only procedures available are those which,
by some elficient procedure, search for the parameters that produce the
best tit of the model to the data., One such procedure is that of gradient
;Lurch which mvolves the following steps:

)} definition ol a criterion function to be maximized or minimized;

(_) definition ot the partial derivatives of the criterion function with
respect to cach of the parameters;

(3) sclection of a starting pomt (parameters) and calculation of the
criterion and the derivatives, hence the gradient, at that point;

{4) alteration of the paramcters as a function of the calculated derivatives
and gradient, and iteration through steps (3) and _(4) until a minimum
or maximum has been reached.

While this may sound like a rather lengthy and difficult undertaking,
thus 1s not actually the case. The computer software is somewhat ditficuit,
but is available from a variety of sources, including the University of
Pennsylvania. At this stage in its development it requires experienced
staff for its proper use; nevertheless, once set up, the procedure is rather
straightforward and results may be quickly obtained.

The San Francisco data were aggregated into a thirty-zone areal system
primarily for cconomy of operation in the face of nc previous experience
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of the costs and difficulties of performing such calibrations. 1t was felt
that the thirty-zone system would take less computer time to calibrate
although still providing useful information about both the model and the
calibration process in general.

The model to be fitted is given m equation (28) and the distance
function s that of equation (24). The varables in the attractiveness
measure are those that were used m equation (25). The calibration was
achieved with surprisingly little difficulty, and once the programs were
operating correctly, there were no significant problems encountered. An
interesting point is that a broad, flat ndge n n-space was found where the
search program’s criterion value, R?%, was somewhat insensitive to parameter
variations. This was an expected occurrence, as suggested earlier (Batty,
1970), nonectheless, with patience, a maximum was reached. The
parameters found are shown in table 2.

There are a number of obscrvations to be made about these parameter
values, the most important being that, before leaping to unwarranted
conclusions, 1t must be remembered that the houschold data used in these
runs are from the 1960 census, whereas the ind-use and employment data
are from surveys conducted m San Francisco in 1965, Thus the time
subscripts for these vartables are not correct for the formulation of the
model. The purposce ol this particular effort was to explore the problems
of calibration of the derwvatives of the Lowry model via the Wilson
entropy approach. that this is a practical procedure has been amply
demonstrated. -

Table 2. Best-fit parameters (exponents)—DRAM -for San Francisco (thirty zones).

Household Household composition  Land development Distance r?
type ($) —_
. a¥ o ak ak ak a4 as a, « B
<5000 1-00 0:40 -0 50 0-33 0-18 -0-73 -0-26 -2-06 0-57 0-91
5000-10000 006 1 65 -1-220-48 0-27 -1 50 -0 07 -1-75 0-72 0-87
10000-15000 O 14 1-09 -0-26 0-76 0-24 —1-34 -0-14 -1-76 0-76 0-90
>15000 072 100-0341-5 0-23-148 ~-0-04 -1-64 0-48 0-93

Calibration results: complete estimates for Minneapolis-St Paul
The DRAM model was also calibrated for an available data base for the
Minneapolis-St Paul metropolitan area which was divided into one
hundred and eight zones. The form of the equation used was also that of
cquation (27), with the distance function awven by equation (23). The
houschold mcome classes dittered from those of San Francisco in that
they were income quartiles. One of the attractiveness measures, r'
(residential density), was replaced by L] (residential land), which produced
better fits; the results of these estimates are shown n table 3.

=
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The data used in this case are all from about 1970, thus resulting n
parameter estimates for a static form of the model. It is interesting Lo
note that the scaling or control-total procedures, typically used 1n these
models after the allocations are completed, have moved, with the DRAM
reformulatinn, deeper into the woikings of the model. Referring Lo
equation {27} it may be seen that the term in brackets on the night hand
side 13 a proportion. Consequently each L',", is simply allocated over all /
zongs, and, thus, the sum of MY will be equal to the sum of £F, It was
mentioned above that it was necessary to convert £7 from eimployees of
type A to heads of houscholds of type k. 1f 1t is wssumed that £ sum to
a prespecthed regional cployment fotu! (or are forced 1o do s9) then
N* can be forced to sum to a regional nopulation total as part of the
conversion from employees to heads of households. This, while stil!
arbitrary, is not as arbitrary as the various forms of scaling procecdhue
typically used in these models, which often involve altering sophisticated
model estimates with rather crude pro rata procedures that vitiate the
results of the model.

Table 3. Best-fit parameters (exponents)—DRAM —for Minneapohis-St Paul (one
hundied and eight zones).

Household Household composttion  Land development Distannce r?
type -

a’,‘ u'z" a u'j s a, Uy a B
First quartile G-77 0 14 -0-56 ~0:34 -0-03 015 0-89 1:04 2-18 (94
Second quarttle 0 24 0 84 -0-37 ~0-15 -0-04 0-18 090 2-!l [-46 0-90
Third quarule  0-09 0-16 0-50 -0-08 -0-08 0-25 0-8 2-81 1-31 090
Fourth quarttle 0-13 0-10 -0-19 0-78 —-(-03 0-29 0-75 2-10 1-44 091

Discussion—problenis of calibrations

The work described here was originally undertaken simply to expiore

the possibility of calibrating a Lowry-denivative model with a multivariate
attractiveness measure via the Wilson entropy formulanon. That this 1s
possible has been amply demonstrated, but problems with the available
data, particularly with tespect to their time indices, make interpretation
of the results somewhat chancy.

The genera! question of parameter interpretation in models of this form
is worth discussing. First note thut the scale of any of the variables is
immaterial since the etfect of the balancing factor, defined by equation
(11), will be to normahze each variable in all cases. Thus parameters may
be interpreted in terms of a variable which ranges from zero to one. Cure
must be taken to avoid having a variable reach zero if its exponent is
negative, and checks should be incorporuted in both parameter estimation
Jnd forecasting programs to alert thie user, at the least, to this situation if
it should arise.
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In figure 2 several members of the family of curves of the form v = ¢
are plotted for different values of @ The range in which we are particularly
mterested is from ¢ =0 to ¢ = 1. Takmng first the case of o« = 0, we
see that for any « the value of v 1s less than unity. Thus any vamable ¢,
for which the estimated o 1s fess than unity, will-have an attenuating
effect on the regron’s share of households in area /. This attennation
gradually dummishes as the value of ¢, increases from zero to one. It is
important to note that the intuitive expectation of a variable that has a
positive exponent as an amplifying variable is not quite correct here. In
the case of a variable whose range is zero to one, a pogitive exponent
implies decreasing attenuation, with increases in the magnitude of the
variable to its limit of unity.

values of ¢, with the amount of amplification decreasing as ¢ increases to
its limat of one. Again, the intuitive notion of a variable with a negative

4-00 oAz |/
a A4A=22
+ A==1 |/
x A=-0-5 {
3-56+ :,?1385 T
zx A=1
z A=2
y A=3

Figure 2. Plotsof v =c¢* for0<c¢<2and e = -3,-2,-4,-0-5,0,0-5,1, 2, 3. ﬂ:l
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exponent beine an attenuating variable is not quite correct. For the case
of varmbles whose range 1s zero (o one, a negative exponent implies
decreasing amphfication as the variable goes from zero to its limit of
unity.

In the static situation, it makes more sense 1o consider each zone vis-a-
vis all other zones. For a variable with 2 positive vatue of «, all other
variables being equal, one would expect greater values of the dependent
variable to be asscciated with greater values of the independent variable
that has a positive c«  Sinularly, smalier values of the dependent vanable
would be expectad to be associated with greater values ol the idepandent
variabie that nas a negavive . This reascning also holds for tiic situation
in which the particalar independent variabie increases’or decrzases.
Nomnetheless, it must h2 remembered that interpretation of the model’s
patameters does mvolve the notions that a decrease in attenuation
produces increases and a decreuse in amphification produces decreases, and
that these are, to a ceriain degree, counter-intuitive,

In this same conuecton the use of the exponential-product form of the
medel caused some operating il flicuities. These arise when one or
another of the independent vanables approaches zero. It may easily be
seen in hgure | that near zero the function v = ¢ expa becomes rather
volatile for all nonzero values of . Consequently the Minneapolis—St
Yaul data were rerun with all the mdependent vanables, with ranges from
0-C to 1-0 shifted to the runge 1-0 to 2-0 by simply replacing L, say,
by (1-0+ L), these results are shown in table 4. Although there are
some noticeabie changes m the coefficients, as compared to the results in
table 3, the overall patterns of coefficients are virtually identical. In this
form both the probiem ol instability as the variables approach zero and
the problem of the counter-intuttive operation of the exponents are
remedied.

[t 1s very difficult to refrain from specclating about the substantive
tmplications of the parameters obtained in these estimations; nonetheless,
this would be the wisest policy at this time. One cannot, however, resist
the temptation to cull attention to the household-composition variables
and the interesting speculations that the reader may wish to make about
them. Two questions are posed here which should be explored during

Table 4. Rewised best-fil parmineters (exponents)—DRAM—for Minneapohs-St Paul
{o.ae hundred and eight zones).

Houselhold Househcld composition Land development Distance 7
type - , ‘

uy u’ a ai s 3 dy S 8
First quartile 292 0.6z -1-71 -1 82 -C-10 0-55 0-83 .0-92'2:14 089
Second quartile  1-51 2-04 -1-36 —1-57 -C-06° 0-65 0-85 2-24 1-36 038
Thid quartsle . G6-03 0-45 1-06 -0-64 -0:09 060 0-87 2-84 1-32 0585
Fourth quartile -0-54 -0-55 -0-06 1-33° -0 07 0-63 0-88 2-48 {-52

0-86

H

/
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further work with 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
amenities 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 attractiveness? To the extent that the household compositions are
representative measures of a complex of variables, their meaning may be
lost on large areas. For example, the representation of neighborhood,
which may show up at a small area level, may disappear when the areas
are aggregated to larger zones. .

Another set of questions that must be resolved during further work with
this model is concerned with the interaction between the ‘travel’ parameters
and the ‘attractiveness’ parameters. In these experiments one might first
constrain the attractiveness parameters to zero and observe the fit of data
to the travel function only, within the construct of the model. Then the
reverse could be explored by constraining the travel parameters to zero
and observing the fit of data to the aftractiveness function only. This
information might have been obtamed lrom the independent titting of the
two parts of the model formuliation described earlier. However, the
functions used weie not quite correct, nor were the data.

In retrospect 1t seems that the earlier, independent estimation of
portions of the model that was performed for the San Francisco data was
unnecessary in terms of estimating starting valucs of parameters for the
complete model. The knowledge obtained about the appropriate functional
forms to be used in the complete model was, however, a worthwhile result.
In future calibration work with this model 1t will probably be more
efficient to begin with the complete form of the model, perhaps omitting
some of the attractiveness variables, or at least constriuning their parameter
values for the first few runs, while initial values of the other parameters
are determined. This procedure seemed to work reasonably well ror the
Minneapolis-St Paul data. Finally, it should be noted that the use of 2
as the criterion for parameter fitting 1s not clearly the best criterion for
functional forms ike DRAM, The use of maximum-likelihood criteria is
being mvestigated for tuture work.

In conclusion, the initial tests of this model formulation are quite
promising. The model appears to be capable of providing direct spatial
allocations of houscholds, by several types, without the need for complex
mput variables or involved sets of constrammts and adjustments 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 and definitive form and calibration of DRAM.
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Abstract  The purpose of tius paper 1s 10 present 4 model of retall employment which includes
planned shopptg centers i the employment-allocation function  The differences between plunned
shoppmg centers and unplunned arcas are eaptored  The model to project retail employment 1s
presented  Muluple soutces of demand are allowed and an equihibriium between employment and
demand s assumed A procedure to locate addittonal planned shopping-center areas 1s denived
The cilibration procedure involves a hill-climbmg slgonthm, a cuitenon function, and the partl
denvatives of the allocation functuon  Calibration results mndicate a good parameter {1t and support
the hypothesis that planned shoppiug centers attract retall employment

Introduction

The most frequently used type of model tor predicting retail employment 1s the
gravity model, for example, Hutt (1962), Lakshmanan and Hansen (1965), Fidler
(1907), BALFFLO (Harris, 1964), the retail component ot the Lowry model (Lowry,
1904), and the Lowry-model denvatives (Goldner, 1971} Durning the last fifteen to
twenty years planned shopping centers have become a very significant part of the
technology of retatd trade (Sternleib, 19602, Simmons, 1964, Cohen, 1972) 1tas
contended that, with the movement ol population to the suburbs and the rapid
growth ol planned shopping centers, the eftect of such centers should be incorporated
into location models of retal employment It 1s further contended that these models
have not adequately allowed for the effects of planned shopping, centers.

Planned shopping centers—differences
Briefly the difterences between planned shopping centers and unplanned shopping
arcdas stem from the control of the tormer by a sigle management. A planned
shopping center 1s defined as bemng “planned, developed and designed as a unit, at a
sigle time, to meet the trading requirements of a specific area, and that it s
developed under a single management™ (Davidson, 1960)  The difterences between
planned shopping centers and unplanned agglomerations of retail employment tend to
be reflected inorental patterns, the type ol stoies in the centers, the location of stores
within the center, and the site selection and amemties assoctated with the center.
Lach ol these characteristics will be discussed

Rentul patterns in a shopping center reflect the value to the 1enter of the center
location, and may ualso reflect the value to the center of having a particular ine of
retail trade focated within 1t Rents may be lowered to attract the type of store
which will in turn attiact shoppers, and may be raised for the type of store for which
a shopping center 1s an especudlly desirable location

The type and number ol stores allowed to locate in the center 1s controlled by the
management. For example, pornographic book stores or fresh-fish markets are
excluded, and normally no more than one jewelry store will be found there
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Management must ot the number of shoe stores located n a center, since a planned
center 18 a very attractive site for theiwr location and the center can be overwheliaed
by them At least one, and usually severai, iurge department stoves normaily Iccate
i the center.

Withie the center the [ocation of storesas caretully controiled, with lurge depariment
stores, whieh are the mayor attiactors of trade, placed at the ends of the center, and
the smaller outlets located between them $9 as to benefit from the trade drawn by
the larger stores. [t was mentioned earlier that rental patterns in shopping certers are
controtled by management. This 1s done i such a way that large departinent stotes
usually pay 1+ much lower rent than the sialier stores; effectively they ure benig paid
tor attracting customers, whereas the smail stores, through hugh rents, are payimg tos
the benefits of a stte to which customers wre bemng attracted (Simmons, 1964),

Finally, plonned shopping centers are onented toward an automotive society. Sites
or. careiully soiected with respact to major highways, and large parking areas are
wways cucluded in the site for a shopping center. These factors combine to make
shopping centers highiy accessible to atttemohile tizific,

The exact refanonship of thise faciors in attractng retanl trade 15 not certain The
cantention of this paper 1s that they combine to muke planned shopping centers more
atiractive to consumers than unplanned agglonmerations ot retanl trade. Furthee, if
planned shoppimg ceniers are significant, the significance will become apparent i the
calibration of a4 model in which their size and location are included.

The APORT model

The APORT (A Projection OF Retail Trade) mode) was developed to allow planned
shopping centers to be sneluded as a factor i the projection of retail cmployment

(o this model, demand s assumed to be attracted to an area by the existing cmployment
in the wiea, the employment density, and the distance which must be traveled. The
arca of a planned shopping center is used n the calculation of the employinent densidty,
and an equilibinnm distribution of retail employment 1s projected by using an iterative
techmque denved trom BALFLO (Harns, 1964) A submodel was also developed 1o
allocate the area ol 4 plunned shopping center, a procedure that 1s accomphished by
anslyzing the margmal revenue of each zone with iespect to the area of the shopping
center and then allocating new area for a shopping center to the zone with the
greatest marginat revenue.  This procedure was denved from an algorithm developed
by Fidler (1907) '

Location of retarl employment

Ihe tollowing are the variables of the model:

Stubscripts ‘

t denotes the zone of ongin of demand, worksite, or residence,

i denotes the zone of retal tiade {zone ot destination of demand).

Varwables

e; 15 the retail employment in zone 4,

2% s the demand {or retarl employment onginating in zone |,

Dy s the demand for retail emplovment crigmating 1n zone 1 arnving 1 zone j.

d,, s the distance from zone ¢ Lo zone f,

¢, 1< the density of retail trade i zone g,

A, s the totad planned tioor space of a shopping center in zone g,

Ly s the demued tor retwl employment arniving in zone 7 (where an astensk that
feplaces an indes denotes sumnation}
Fhe variable g, s defined as the total retal employment n the zone divided by the

land area of the zone  The reason lor choosing this as an attractor was that the



A mode! of shopping center location 615

denser the retanl trade, the more hkely a consumer’s peiception that he could satisfy
the purpose of a shopping tup in the zone. A4, the total planned ared, comprises
only retat floor space, it does not include external malls or parking lots.

As stated earher, there are three factors which determme the attractiveness of the
zone, retail employment, density, and distance to the zone. Of these, the nternal
characteristics ot the zone which determne its attractiveness are retail employment
and density  In cahibrating BALFLO, Harris (1964) found that density was cffective
as o measure of attraction for the Central Business District (CBD) zones but not for
suburban zones with large volumes of 1etul trade but low densities. To compensate
tor this, the arca ol the shopping center 1s used as o substitute for density in areas
where planned shopping centers occur. The arca of the shopping center 1s added to
density so that the combined effect waill allow 1t to be the dominant factor 1y zones
where planned shopping centers are located  The density factor then becomes (g, +84)).

In the case of demand ongmating at the place of residence, D7 1s measured in
terims of the population of zone ¢+ or the population multiplied by the average mnmcome
ot zone ¢ For demand onginating at place of work, DFF 1s measured m terms of
cmployment i ¢ '

I'he parameters of the model are as follows:

o 1s an exponent apphlied to total attractiveness,
& s a coethicient of shopping center size, and
b s an exponent applied o distance.

The constramt to be apphed to the model 1s that total demand 1s equal to total

retaf employment, that s, LD = Zc,’
/

i
In addition, an equilibrium condition 1s required  The amount of demand attracted
to sone s ¢qual to the retail employment in zone y This 1s expressed by DY = ¢,
for all y.
The basic structure of the model 1s

Dyt = D,“B,e,’(ql-f-(SA,)"‘d,f ,

Dsr = zI:D,;" = ;folz,e;(q,mA,)“d,;b,
where

BI'= Loilat 8APdf
A

The problem 1s to solve the equation for a set of ¢f such that Dif = e}, for all j,
the method of solution 1s an iterative technique dlustrated below

Detine the following vartables in the iterative procedure.
e/ s the value of ¢f on tteration m, and
D" s the value of D on iteration m

To solve for ¢, let ef' be any distribution of the supply of retail trade subject only
to the constramls

Ze,“ = Y De, and ej' > 0.
/ t

Then
Dl = YD = Y DrBlel (g, + 6A)d}
and

(B)y'= }kjez' (qi+ 8A )L .
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At this point D% s subsututed mio ¢f for the second iterition  Thus Dyt
replaces ef2; this process s repeated with D8 as for e;”*! on cach iteration. The
process stops where ¢ = ¢ or D™ = ¢*'. This distribution of €] 1 referred
to us ¢; (iteration superseripts are omitted)

Multiple strita
APORT may be used with multple sources (siruia) of demand. Howeves, in moving
frem one demand source to multipie demand sources 1 weght parameter must be
added  When multipie souices ure allowed, euch source has its own behavioral
chatactenstics as rediected w 8. @, and b, with the weght paramecter indicating the
sclative mituence o euach source

The tormutation s iliusirated below. Let n denote the stratum of demand, where
rocun take on the vataes 1 and 2; subscript 1 mndicates place of residence and
subserpt 2 mdicates place of work

The formulation then becomes
D) gy the denmand of type | arising in zone ¢,
L s the demand of tvpe 2 arising in zone 2,
«;, 6, dare thie density paremeters for types 1 oand 2,
5.6, are the shopping-ceater muitiphiets for types | and 2,
by, b,y are the distonce parameters for types |and 2,
W, W, are the relative veighting of demand types T and 2, where

S, W, =0,

W, W, =1 and W=z 0
and
3 = L0 = 30,
this imphies that -
Yer= W, Y DrMs W, ZDF"(”
i 7

We then redehine ef as the sum of demand attiacted to zone ; of type 1 and

A

demand attracted te zone § of typz 2

ef = D=1y, Y DI OB el(g,+ 8 4 db + W, 'ZD,“'(”B,C’/’!{/,*F 8,4 yadl

ty
type | . type 2
or, more generally,

ef = D= Y Y W,.D8 B,ei(q,+ 8, A% al
. wm {

This 15 also solved iteratively tor the equihibrium chstubution of e] It has been
determined eapenymentally that with aav imitial estimate of ¢;, thermodel quickly
tterates to a solution. It has also been determined experimentally that the equibbrium
solution 1s unrque and independent of the mnal estimaie. The umqueness of the
solution s also sapported by the work of kilon et al. (1959) who demonstrated
mathemarically that i a mode! with 4 structure very simtlar to APORT the iterafive
procedure produced g unigue solution

Shopping center location

In developmg the model for shopping center location. two Lasic prodlems seemed
immuediately appaient dentificaticn of the cone i wliich to focdte space for a new
shoppig centes, and how much space to locate there. On Turther analysis tins
became a problem of detining the purposes for which the model would be used
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It was assumed that the model would be used in a predictive mode and that the
location of new shopping centers would reflect choices made by developers This is
implemented by selecting zones which maximize the amount of trade that a new
shopping center will attract. The underlying assumption is that the size and location
of plunned shopping centers result from indwvidual developers selecting locations so as
to maximize profit. This 1s similar to the approach taken by Lakshmanan and Hansen
(1965) and Fidler {1967).

Alternative criteria were examined, in particutar that of maximizing benefit to the
consumer or maxiumzing consumer surplus (Wilson, 1974; Coelho and Wilson, 1976).
1t scemed that this approach was well suited as a decision tool for controlling the
location and growth of shopping centers but not appropnate as a predictive tool when
developers dare free to choose location and size

The original formulation can be restated as
' DY = Y DIB,ejlg,+ 8A)dE .

1

Diiferentiating this with respect (o A, yields
[ er2
a_[.)_'ir = ab <Der__D__I__’r )
I A

a4, ,Z(q,+aA,) 4 DEr
and

aDyr

3A,>0‘ for A4,20.

This quantity represents the marginal increase in retail trade in zone y generated by
4an increase in shopping center arca n j ’

90:7/34, 1s calculated for all zones in which activity in the shopping center 1s

permitted. Zones may be bypassed because of constraints, such as zonming or lack of
" available land. After the zone with the greatest marginal increase has been identitied
then the problem arises of the amount by which the space of the shopping center
that sone should be increased.

Two alternatives were examined. allocating additional floor space until the
additional profit gencrated was less than the cost of the space, and allocating fixed
merements of a total volume of floor space of u new shopping center  The first
alternative s theoretically preferable but cannot be mmplemenied i practice. The
APORT mode! measures total demand in a zone, which cannot be disaggregated into
that for a shopping center and that for a nonshopping center. Conceptually this
means trips may be made to a zone because a shopping center is there but thut other
shopping may take place 1n the zone but outside the shopping center. -

The second alternative was the one chosen. This procedure involves deciding first,
the total additional floor space for a shopping center which the area will support, and
second, the size of the increment to be added. Before describing this procedure, some
discussion of the distribution of shopping centers 1s necessary.

The existing distribution of shopping centers and the projected distribution do not
represent equilibnum distributions since the location of the shopping center i1s fixed.
Once a center has been built, 1t cannot ‘move’ to another site. Further, although
employment in the center may grow or decling, the size of the center is relatively fixed.

The question arises concerning the uniqueness of the projected distribution of
shopping centers. 1t 1s quite likely that the distnibution 1s not unigque. For example,
if several adjacent zones have a high value for 3D5]/04,, locating a center in any one
of them would signiflicantly lower aD5]/04, for each of the others. f any of these
zones were used as the starting point for the algorithm, the location of succeeding
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allocations would not clinge. Furilicr, if 1 the real world a ‘bad’ lecation decision
1is made, that site will temain a shopping center owing to the laige capital investment,
even thougl it s not as profitable as un alternative. One other aspect of the location
procedure needs to be examined. 1 two adjacent zones each have u large 30%/34;,
should iwo smalt shopping centers be located one 1 each zone, o1 one lurge center In
asingle zone”?  The assun:prrons used i the model are based on the knewledge of
phienomena m the reul world  The construction of shopping centers 15 & myor
mvestment, and developers are nommally well awdre of the market acavity of other
developers Cut-thireat cempevtzon does not appear to occur onee & center has been
buitt. therefore, the sone of greatest potential will receive floor space 4nd this may
result moits potential talling below cther zoncs, However, after successive allocanons
are made (s possible tat the onginal leader mzy again become the zone of grealest
feasible potentliad.

sllocavon prhcedore

The procedare begas with an examunanon of the potentis of cach zone (00534, = ()
for trade trom a new shopping cente:. Al zenes are then yanked according to thewr
potential, and rhe voune with the greatest potential s the first to receive an allocation
of shoppmy-center oo space. The zone next in rank 1s then examued to detenmie
whether 1t is too clese e the 2one that has recenved the anttiat allocation (the rutionale
for this o that two adjacent zones may cach have potential for a new shopping center,
but when o shopping center s Iocated i crther zone the other will ne longer be a
viable location) 1t they are not wo close, the secend zone receves an atlocation of
fioo: space.

This sequental allocation ts repeated untd a prespecified number of zones, m, have
been exanuined  When this has been completed, the system is allowed to aiterate to
cquiibrium with the new shopping centers  The entne procedure 18 then repeated,
begmning with reestimaeting the potentia! for shopping centers in eacin zone. The
algorithn stops wien the additional volume of floor space to be allocated has been
totally distrnibuiea

A more detatled aeseniption of the algonithm s thustrated below-

AY 15 the vector of ongmal shopping center space,

A' s the vector of dugmented shopping-center space,

N s the set ot ali zones o which shepping center location s teasible,

nooare the zones which are clements of N

A s the set of zones in which new space s added,

A a2 tne zones which are clements of set X,

aios the number ol prespecitied sones to be placed i set K,

S s the total amount of space to be allocated,

AS s anincrement of space added to selected zones,

o 18 the munmum interzondl distance for selected zones,

dyy 1s the distance from zone 1 to zone

The procedure tor locating new shoppme-center space is as follows:

Step 1. Calculate G forall n € N

Step 2. Sort the set by arranging C i descending order. giving C,,, where i 1s the
mndex after sorting *

Step 3 For N = 1. ¢ assigned 1o K, and AS 1 added Lo zone &

Step 4 For n 2> 1, (ayaf dy,, > dy,, forali = € K, cdd AS to the area of the
shoppmg center in nand continue, (b) Jf dy, << dy, for any & € K. go 1o next n
and examine the corresponding zone  Conimue 1o repedt this step until m zones ale
asstizned to K

Step 5 The remanting space 1o be allocared 15 5,, S, < S5~ AS
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Step 6 If §, =2 mAS, go to Step I, otherwise stop.

The 1deal procedure for locating new shopping centers 1s to set m = 1, thus
bypassing Step 4 entirely. This is expensive 1n terms of computer time, since the
system must be 1terated to equiltbrium each time Srep 1 1s encountered. Step 4 was
added primarily to avoid this cost. The mimimum distance test in Step 4 ensures that
two adjacent zones, each with a large C,, ate not each allocated space for a new
shoppmg center when an allocation to erther zone would cause a drop in G, 1n the
other zone

1£.5 15 lurge, m and AS should be adjusted so that the algorithm 1s apphed several
times For a problem consisting of thirty zones, for example, 1t 1s recommended that

S
mAS

2 < < 10

Calibration

Because the allocation function of APORT 1s nonlinear, a gradient-search technique
was chosen tor cahbrating the parameters. Briefly summarized, a gradient search 1s a
hill-chhmbing algorithm which will maximize a criterion function with respect to a set
ot parameters. It does this by first calculating the criternion and denivatives for a set of
starting parameters, then altering all parameters simultaneously in the direction which
will generate the greatest improvement, that is the steepest ascent, (n the criterion
function. With each new set of parameters the criterion s recalculated and tested
agdinst the previous value 11 an improvement has been made in the criterion, the
purameters are agam incremented and the process repeated. The process continues
unttl there 1s no further improvement At that point the denivatives are recalculated,
a new direction determined, and the process repeated. This continues until the
criterion function 1s maximized. )

The criterion chosen for calibration was the minimization of the sum of the squares
ot the deviations between the observed employment values and the projected
employment values.  After examining this, it was decided to transform 1t into a form
similar to the R? coefficient of determination. This 1s done as follows
Let .
¢; be the observed retuil employment n cone 4, and
é;  be the estimated retail employment 1n

The sum ot the squares of the deviations 1s then 2(ef — é/)%.

]
‘This can be tianstormed into R? by dividing by the total squared deviation about
the mean and then subtracting the result from unity. Thus

Yer—éry?
R =1- —/:——‘:—— ,
2ler =)t
!
where
¢
el =
¢ ;N :
r 4
The gradient search requires the first partial derivation of each parameter £ In this
cuse
2 PRCEEH)
a._Ri_ = -2 [V A, a_Der (1
oP ;(elr ~gry? oP

The calculation of —22(e,’—é;)/2(e,' —&/)? is straightforward The problem 1s to
7 ]

calculate the partial derwvatives a.D%/aP.
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As detimed earher, let B, be the bulancing factor, und let

b, o= eflg,+8A,Pdy .
Then
Dy = DEELB, and D= YD,
!

Duiterentting DI with respect to £ we obtain
oL {al, dl )
= er + it 3
01, _‘1) kd B, F

Substituting the partual denivative ot cach parameter nto the equation yielas the
tollowing results

oDt - ad, - wA
2 . N perpnr p2 [ Ry A AL
a5 = LD, ’{”‘ PN %(qﬁa,mf‘*} '
e , '
== LD,“’(i-,,B,Z)[B, Yt +84) = Tty + 52 k)[,k] ,
and

h

bt/ } el f - N -
A 7/) (F J)[ "Ind, }l:l.-d,,,].

Combung these results with equation (1) yields

\‘wr :r)

aR? ~ - w.l oA,

f—— = > "' A 2 [ L / - k 2 ‘I

L) }_’((,r_g- 2 4 DL, B7) {y,+8A4)) S (qp+ 540 r"‘J :

N i

ia T 2 C( e L D,ﬂ(ﬁ;,/;,?)[g,-' Intg, +84,) = > in(qk+5,4k,p,,(}
L. (', '—L‘I ] k

and

IR? Lie] =& ) - 1

FY S g i Z_D“(I Br) _b’, "Ind, 2,\_ IndF, l
I

Fhese are the denvatives which are used in the gradient-search procedure.

Results and conclusions

APOR') wus cahbrated on g data buse of thirty cones for the San Francisco areu using
1965 data. The data mcluded a mighway netwoik, household mcome, employment,
and land area. Three types of returl employment were calibrated  general merchandise,
tood stores, and apparel  The 1esults are shown m table |

The & purameters for tood stores (SIC54) are very ugh At rirst sight this suggested
a high degree of impedance for this hine ot trade. However, on closer examimation it
appeared that retwil employment in SIC54 was highly correlated with the location of
residence at the thirty-zone level. A more disaggregated version of the data would
yicld better wesults. This result s simular to that found by Putman (1975) in
cabibruting u residential-location model ot the saume thirty zones.

As mientroned carhier, the puipose of the shoppmg-center arca was Lo substituie for
density v those zones where shopping centers occur. Table 2 iltustrates this for the
restdential purameters of SICS3 Ay shown, the amphhied attractors vary from 0-66
to 1-60, sones with shopping centers vary from 1-08 to 1:60. Densitv has relatively

\
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httle eftect on the total attractor in the zones contavung shopping centers. The
largest influence of density in the shopping-center zones occurs in zone 24, where
density makes u difterence of 0-03 in total amphfication.

The location model of the shopping center was run with the use of data collected
on the San Francisco area in 1965, At that time there were 19-1 Mft? of plunned
shopping-center space 1n the area It was assumed that no shopping centers would be
located in the center of San Francsco, but they could be sited i the zone contamning
Ouakland. For this projection the amount of space allocated was 3 6 Mft2. The
increment to shopping-center spdce, AS, was set at 200 ki t?

The greatest single allocation was to a zone just south of the San Francisco center-
city ared  This allocation was 1:6 Mft? and there 1s some question about whether
institutional constraints would allow for such a large increase, but this 1S a question
that should be determined exogenously *There was an allocation ot 800 kft? to both
the zone containing Oakland and that contuning Berkeley. Two suburban zones were
allocated 200 kit? each.

These results are promising but several problems remain to be resolved. With
respect to the location of a p\lunned shopping center, theie are two problems  Furst, the
constraints on the location ot 4 shopping center must be dentified. Zones which are
highly devetoped, such as downtown San Francisco, dare not hkely to have a large
planned shopping center no matter how attractive they are  Other arcas have zoning
otdinances that aftect.the types of employment which may be located there. Zones
of this type wlnch restrict shopping centers must be 1dentified and exciuded from
ehgible zones  The second problem 1s more theoretical One study has been done
indicating that shopping centers are a change in retail technology and that this change
was penctrating retarl trade during the period 1960-1970 (Cohen, 1972) A model
which accurately projects the location of a shopping center as a4 chunge in technology
mday not be the same model as should be used to project the location of a new
shopping center after the change has taken place.

The employment location section of APORT needs further analyses Based on the
calibration results of SIC54, cahibrations should be done at a finer level of detail to
determme whether the parameters change significantly, and the cniterion function
used 1 calibration should be turther evaluated. [t 1s possible that x? or maximum
likehhood will provide more appropriate parameter values than R? (cf Batty and
Muckie, 1972)

Table 1  Cahbration resul.s

Demand source Parameters R?

W 1) a b

General merchandise (SIC53)

Residential 0-61 0 82 015 -3 71 0 89
Worksite 0-39 0-01 053 -9 69
Food stores (S1C54)
Residential 0 80 15-0 0 37 -9-54
Worksite 0-20 149 045  -200 0-95
Apparel (S1C56)
Residential -5 . =3
esidentia 0-58 0-0 0 351 3-93 0-96

Worksite 0-42 0-14 048 -4-10
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Table 2. Lifect of shopping center area on densuy.

Zone  Demsity  Area of shopping q,+84; (g, +84)° (54,)*
center (kfi?)

1 1-57 0 1-57 1-07 -
2 0-178 0 0-178  0-77 -
3 0-118 0 0-1:18 Q72 -
4 011 10 38 8-90 1-40 1:39
5 0171 83 6-90 1-38 1-34
6 0 268 14.7 12-2 1-47 1-47
7 0 1o3 7-0 5 85 131 1-31
5 0 209 10 4 824 I 40 1-39
9 0-203 15-3 12:6 1-48 147
10 0177 7 64 2-32 I 14 112
0207 25 29 208 60 1-59
2 07 0 0 076 -
13 0-143 0 0182 077 -
14 0-170 18 167 1-08 1-06
15 0 185 26-35 215y I 65 1-60
bo 0 252 -4 707 13 1-34
17 0-19 0 019 0-77 -
18 0167 7-3 6-09 1-32 1-32
19 008 0, 0 08 0 68 -
2 0211 20 63 1696 |54 1 53
21 0176 40 364 121 120
22 0-166 0 0166 076 -
23 01 0 022 079 -
24 0 296 18 1-7 1 09 1-06
25 0 068 0 0-068  0-66 -
26 0 1063 0 0163 076 -
27 0 243 19 85 16-0 1-54 1-53
28 011 0 0-11 0-71 -
29 0 224 0 0224 079 -
30 0177 7-01 5 87 1 31 1-31

&=08, a=0-15.
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Prefatory Note

This report consists of two volumes.

Volume 1 consists of déscriptions, at severual different levels of
detail, of the work dea2 and conclusions to be derived therefrom
and Appendices containicg supplementary materilal.

Yolume 2 contains documentatioun 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 report it is planned that tiese
computer programs will be availablc through the sponsoring agency.

\
The tables of contents for both volumes are given in each volume for the
reader's convenience.

Very few changes have been made in the tect of the report for this
révision. The program documentation has, however, been substantially
improved.

Several papers have been published which contained updated information
about the development of this model package. These are:

Putnam, S.H. "Preliminary Resulté From an Integrated Transportation
and Land Use Models Package" Transportation Vol. 3 (1974) pp. 193-224.

Putnam, S.H. “Further Results From the Integrated Transportation and
Land Use Models Package" Transportation Planning and Technology
(1976} forthcoming
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I. INTRODUCTION AND SUMMARY

The problem towards which this re;earch has been addressed cculd be ceonsidered,
in its narrowest sense, to be the protection of highway utility. This, however,
is but a sub-secticn of the general problem of attempting to achieve a baldquce
between land development and transportation facilities development, Both of
these are, in turn, subsumed within the yet more general statement of tle
preblems of the manipulation of the spatial organization of the netropolis.

\
A particelar manifgstation of this general problem whicli we have invescigated,
is the heavy usage and subsequent congestion which often follows close on the
heels of the construction of new urban or suburban highways. 1In our vicw the
process involved here is one ¢f location or relocation of demand (i.e. traffic
generating activities) within an urban region in anticipation of the completion
of new cransportation facilities. Consequently, effective means of coping with
this problem clearly needs to interfere with this demand location or relocation
process, Determination as to how this might best be accomplished is an extremely

complex problem involving integrated considerations of transportation and

land-use interrelationships.

Due to Lﬂe inherent complexity of the problem it was decided to structure its
analysis around a set of integrated computer models of transportation and land
use. Important implications of this decision were that it would be necessary to:
1) 1Identify evidence as to the relationships between transportation facility
development and land use,
2) Identify evidence as to the effects of land use controls on land use.
3) Translate the results of 1) and 2) into inputs to an integrated trans-
portation and land use model package.

4) Develop the model package and test the various inputs.
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It was hoped that, having performed these tasks, it would be possible to make

some tentative conclusions regarding policy alternatives for dealing with the

problem as discussed above.

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)

2)

There is abundant evidence reported in the literature of rather strong
relationships between transportation facility development aad land
development. There is, however, no‘case where 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,
before-and-after data for situdations 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.

The situation with regard to evidence of relationships between land use
controls and land development, i.e, the effects of land use controls on
land development and vice versa, is even less satisfactoﬁ° While there
is some evidence to the efféct that such controls can serve to constrain
or alter the land development proces;, it is somewhat scant, This com-
bined with the rather ad hoc nature of most land use contrcl policies,
and their succeptibility to unplanned, irregular, change under political-
economic pressure, make the assessment of their effects extremely

difficult. There does seem, however, to be a small but steadily

increasing social pressure on planners and legislators to improve upon



3)

4)

this' situation, Hopefully as this situation changes over time, some

useful data will be collected thus allcwing a better determination of

the effects of these policies,

It is a fact that, given a set of computer models based on a particular
theory or set of theories about urban form or structure, a éhange in the
model inputs or a constraint on the model's functions will produce a
change in Lhe model's outputs. To the extent that the model's theories
properly reflect veality, and to which policy alternatives can be
expressed in terms of input changes or functional constraints, the model
will be capable of estimating the effects of these policies on urban
form, At the present time there are no operational land use of transpor-
éation models whose internal structure is properly reflective or micro-
behavioral theories of urban form and /or human decision making. All
existing operational models are macro-descriptive, with varying degrees
of detail, Many existing or potential transportation and/or land use
policy alternatives can be expressed, rather broadly, in terms 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,
however, limited by the capabilities of existing models tv a somewhat

more general level than is in our opinion, ultimately desirable. ;

Prior to the performance of this research effort there has never been a
successful integration of a sectorally and spatially disaggregated Qrbnn
land use model with an appropriately detailed transportation network
model, The model package produced as a substantial portion of this
research effort accomplishes this integration and includes, endogenously,

t

the necessary feedbacks from each model to the other, Based on extensive



5)

testing of this model system it appears that the current-prevalent

practice of using transportation and land uée models without these
feedbacks, is likeyy 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.

i

Finally, and perhaps most importantly, based on somewhat more limited
testing of policies with this model system, it appears that significant
opportunities for policy manipulation of the sPatialiorganization 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:

development.



II, LITERATURE REVIEWS

Introduction

As a part of this project, two separate literature reviews were undertaken in

an attempt to find reported evidence of the relationships between: a) transpcr-
tation facilities development and land development, and b) land use control poli-
cies and Qubsequent land use. While much mate;ial was gathered and reviewed,

the general conclus'ion for both of these efforts is that there is very little
quantitatively described evidence of these rclationships to be found. There are,
however, numérous qualitatively descriptive articles which leave little question
as to the axistence 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
literature., Consequently this literature is described rather briefly, with a
selected bibliography being given in Appendix A-~1. 1In contradistinction, it was
anticipated that the readers of this report would be less familiar with the
general literature on land use controls. Consequently a much more comprehensive
review and discussion of the general literat;re on land-guidance techniques was
prepared and 1s presented in Appendix A-1. Overviews of both these topics, and
a discussion of the particular relevance of land use controls to transportation

facilities, are given in the remainder of this chapter,

Tmpact of Transportation Development on Land Development

There is a very substantial literature concerning the impacts of transportation
development on land development,

As an introduction to this literature, if necessary, the reader is referred to

references (25) and (26), at the end of this chapter, for annotated lists of studies,



It should, however, be noted that many of these studies are repetitious and
uninformative, having been done, in many cases, to meet the funding requirement:
rather than as a scientific investigation. These studies, in general fall into

five classes.

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 wbich an older road ran through the center of a town or its
business district, As the town grew, this older road became more congested and
eventually demands for the construction 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 effects of the bypass on local retail trade, and produce rather uniform con-
clusions., In general there was little or no immediate change in retail trade.
Sometimes there was a slight decrease in the short run followed by a gradual
recovery, and sometimes there was a slight increase., These studies are almost

; s . . . . 1
ritualistic in nature and are not of any particular interest to this project.

The second type of study involves evaluations of impacts in a marrow cprridor
bordering new roadway construction, usually within urban areas.2 These studies
generally involve the comparison of land use and land value before and after the
con;truction of the raodway. In general, land values become greater and land
use tended to become more commercial along the roadway., These results are not
surprising as the ugl& evidence of them can easily be seen in the intermiﬁable
miles of sprawling strip commercial development which surround virtually every

village, town, and city in the country. This is an obvious example of where

1 See (12) for more critique\of these studies,

2 Many of these are referenced in (25) and (26).



operative land use controls should be applied in conjunction with transportation

facility development,

The thirzd class of study involves the problems of development around new highway
interdhanges.3 Many of these studies are like the local corridor studies

described above. They involve the comparison of land use and land value tefore

ard after the construction of the interchange. The studies note the increase in
the intensity of land development attendent upon the development of the interchange.
This land development can be of almost any type, residential, commercial, or

industrial depending on a variety of factors usually not analyzed in the studies.

S

[}

The studies often mention the subsequent congestion of feeder roads giving acce

te th

]

int=2rchange. Again, the evidence of these ecfifects is all tco obvious to
anyone who'has done even a limited amount of highway travel, Here too, coordi-
ration of land use controls with transportation facility development might have

been able to reduce these blots on the landscape.

The fou?th gype of study encountered is of Subsgantially more interest to this
project, and represents a much expanded scope of analysis compared to the above.
These studies attempt to analyze the relationship of the development of areas

or r;gionsbto the construction of major highway facilities. These studies show a
correlation between highway construction and regional development. Very few such
studies attempt to analyze the causal links which may exist betwecen these, though
the literature on urban and regional s imulation modelling-(not specifically
reviewed here) presupposes the existence of such links, One study in this group
points out rhat often highway construction at the regional scale is undertaken

to meet projections of current travel demand trends but do not consider the im-

. , 4 A . .
pact of such construction on that dewand., This is the problem to which this

3 Many of these are referenced in {25) and (26)

4 See (22).



project is particularly addressed. Another study showed that on a nationwide

basis highway construction did not appear to effect manufacturing growth, but

that on specific areas, especially urban areas or formerly inaccessible areas,

the effect was often pronounced.5 This finding is in agreement with our own
hypothesis that over the long run any particular improvement in transportation
technology becomes ubiqutous,-but during the spread of this 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 between
land use development and highway development, and the appropriateness of coordi-

nated planning of both. One such article is a rather general discussion of the

N

7 ; . o
matter. Two other articles discuss more specific matters, but nevertheless
. . . . . . 8 . . .
imply -the necessity of this planning integration,  All in all this notion of
comprehensiveness is conspicuous by its absence from the literature and thus

clearly points up the need for the type of research done on this project,

This has been, as previously mentioned, an admittedly brief review of a large
body of literature. Unfortunately there is very little in that literature which
is of direct relevance éo the work undertaken on this project. Further, it has
been assumed that the feaders of this report will be generally familiar with this

literature and that an extensive review would therefore not have been a productive

5 Sce (27).
6 See (3) and (18).
7 See (21).

8 Sece (2) and (8). . ,



use of the project resources. The next portions of this chapter are rather
more detailed since, as mentioned above, it is assumed that the readecs of this

report will be somewhat less familiar with the literature reviewed therein.

Land Use Control and Transportation Facilities

Primarily since the 1950's, a rather extensive literature has accumulated on the
relationships be%ween land~use controls and transportation facilities. This
discussion will briefly intrcduce the major ideas presented in this literature,
refer to other sources for more detailed coverage, and provide a short'bibli—
ography that may be used to initiate fur?her research. TFor more extensive
bibliographic listings, the following sources from this chapter's references can
be consulted,.
a. (17) A useful and recent general bibliographic souyrce on this subject.
b. (15) Appendix A: pp. 35-41 and (4), pp. 108-115 provide.quite evten-
sive listings., The latter is essentially a more recent and complete
listing although the former does contain some 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 works dealing with the development
impact of highway jinterchanges. Prominent studies in the arca of

development impact are included.

Even a cursory examination of the literature on transportation planning reveals
the need for a better understandiug of the interrelationship between traaspcrta-
tion facilities and land-use controls, Transportation facilities are very
expensive and hopefully long-term public investments, yet all too often they have
become prematurely inadequate because of a failure to appreciate the relation-
ship which exists between lénd use and transpertation facilities and to plan

accordingly and institute the necessary design and land use controls, This
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problem involves not only the safety of public transportation investments, but
the welfare of land owners in areas abutting transportation facilities and of

the travelling public in general.9

These interrelationships are mutual, land-use and thus land-use controls affect
transportation service and transportation service influences land use. Various
land use characteristics have very marked effects on trén5portation facilities
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
help to determine the nature of the traffic generated in the area, which is a
principal determinant of the adequacy of the surrounding transportation facili-
ties.lo Transportation facilities, especially highways, in turm have a sub-
stantial impact on surrounding development and land use. Many studies have

dealt with impact of freeway interchanges on surrounding land uses.11

|
This mutual interdependence has often resulted in a tranSportation-land-use cycle,
forming the basis of the problem under investigation here.12 Overtaxed facili-
ties (or non-existant\facilities) prompt the comstruction of new and improved
transportation facilities. This leads to better access, which prompts more
intensive use of surrounding land. This more intensive use, which has all too
frequently 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

N

has often prompted its own obsolescense.

9 (14) and (16) are two works dealing with this problem as related to highways.
10 See (16), pp. 7-10 for a more thorough discussion of this point.

11 See (24), for example, for a discussion 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 dealing with thils problem, automcbile facilities are almest
exclusively the object of concern. There is little written on this problem as
relating to mass transportaticn or other; non-automobile types of transportatior
PO 13 ey s . ; T . .
facilities, Within the area of automotive facilities, concern is ofien
focused on the freeway interchange area., This concentration is warranted in

that inferchanges are often the key to highway performance and large traffic

; 14
generators tend to establish themselves near interchanges,

In attempting.to solve the problem and provide for an improved system cf trans-
portation facilities and land use, three goals are often forwarded:

1. To achieve a "balance" between the level, of transportation servige
provided and the land-uses it serves (This goal is explicitly staeed in
the project proposal.)

2. To secure an "optimum" level of access control.

3. To reserve a sufficient amount of right-of-way for future transportation

-

maeds.,i5

The problem of balanced transportation facility protection could be approached
by attempting to control land use at a detailed, very localized, level, In the
immediate area surrounding the facility in question, an attempt could be made tc
specify the type, intensity, and location of land use, details on access to the
facility from the land use, parking requirements, as well as specifications of

highway design. Such an approach may be termed the "micre" approach,

1t is also possible tn attempt to control major traffic generators and overall traffic

generation from a larger area by controlling the type, intensity, aund location
2 .

13 See (11) for a bibliography dealing with Mass Transit Planning.
14 See (6), p. 542,

15 See (23), p. 49.



12

of land uses, The prime motive is the control of traffic levels and traffic
load characteristics for such areas, so as to be compatible with the characteristics
of the transportation system in the area. This may be termed the '"macro"

approach,

In this study, the concern has focussed primarily on the dﬁacro" approach, The
use of the IPLUM model limited our experimentation and analysis to the effects

of varying policies with respect to macro land-use controls., Detailed controls
dealing with individual properties, access requirements, and highway design
features cannot be easily incorporated in the current model system, However,
some of the literature in the field asserts that the micro approach can have, &nd
has had substantial impact En dealing with the problem of facility obsolescence,
at least in the case of highways. 'The preservation of transport utility seems
to lie only partially in the control of development and more in physical design
controls.“16"Frequently, the problem is not so much the number of vehicles
entering as the number of points of entry and their design.”17 It is further
suggested that while overall traffic generation is important, there are several
indications that macro level controls, alone, may not be sufficiently effecéive.
Some studies have found that the impact of major traffic gener;tors drops off
precipitously pﬁst the first access point, thus suggesting the relative impor-
tance of micro as opposed to macro controls.18 Furthermore, it is pointed out
that within "macro' areas, the type and intensity of land use has little effect
on overall traffic generation since the variations which do occur tend to average

. ) 19
out over areas above a '"micro" scale,

16 (15), p. 2.
17 1Ibid., p». 3.
18 1Ibid., p. 4.

19 See (16), pp. 4, 39-40, 42 and (15), p. 4.



It should be noted that these conments were made with respect to highways and
highway interchanges in particular, When the entire transportation system 1is
considered, they are not likely ;o hold true, Furthermore, in many cases a net-
work will be found to be entireiy overloaded by intense deveIOpment and micro
level control will no longer suffice. A macro approacﬁ to development Jevels is,

in these cases, much more likely to be useful.

The Various Control Approaches Available

Ia general, the micro approach consists of control over geometric design of the
Facility, access to the facility, and detailed or localized land-use controls
such as those regulating parking and 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 fellowing
grouping (mostly on a legal basis) can be discermed:

1) Eminent domain techniques

2) Police power techniques:

3) Use of the law of nuisance

4) Contractual agreements. These can take place between the developer and

subsequent owners or between a public agency and a land owner.

5) Licensing procedures

6) Taxation policy

7) The planning process
Both bectween and within these groupings, there is considerable variation in -the
effectiveness of the techniques in achieving the desired transportation-land use
goals and in the actual use of these techniques. At present, it appears that

these techniques are not often used effectively, nor for that matter, is there



any clear quantitative evidence as to what their ultimate effectiveness might be,
In evaluating various techniques such information as to the consistency and
strength of impact is of course a crucial factor. However, also important are the
various feasibility considerations:

a) complexity and difficulty of administration

b) relative cost to government

c) traditional cultural acceptance

d) legal acceptance20
-Finally, care must be taken to be economically realistic in the exercise of
controls. The feasibility and ultimate result of alternative types of control

21

depend heavily upon existing market conditions,

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 classificatiﬁn of land uses into residential, commercial, industrial,
etc. be replaced by a more detailed classification system in which the most
detailed categories are constructed to reflect uniform traffic generating
ch'aracteristics.22 Among the important fg?ﬁfic-generating characteristic%aoﬁ
land uses are:

a) traffic generated per unit of land area or floor area\

b) the intensity aﬁd temporal distribution of traffic peaks

¢) directional orientation of traffic movement

d) composition of traffic.23

20 (10), p. 70.

.

21 See (15), pp. l4-15 and (16), p. 100, and see (l4), p. 18 for a table which
lists various interchange problem solutions and evaluations of their cost,
effectiveness, etc. :

22 Sece (16), pp. 30-37 for details,

23 See (16), p. 9.
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Studies have been conducted to determine the relationships of the values of these
characteristics to various types and intensities of land use.24 Despite growing
sophistication in these studies, an acceptible level of uniformity and accuracy

in determining the trarfic generating characteristics of various activities has
not yet been achieved.25 Such information is clearly desirable as it would per-
mit more effective planning of transportation and land-use systems in gencral,

and would permit; in particular, Fhe exploitation of variations of traffic
generating characteristics among different land uses so as to achieve, through the
proper mixing of land uses, more efficient combinations of transportation

s 3e s . s 2
facilities and productive activities. 6

The other half of the transportation-land use relationship is the impact of
transportation facilities on surrounding land use. On this relationship, as
mentioned above, almost all of the literature concerns itself with the igpact of
highwa§ interchanges on surrounding development.27 Naturally, since the
interrelationship between transportation and land use is mutual and cyélical 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 attainment of a desirable balance

between land use and transportation service.

The Major Techniques Utilized and Proposed

The technique of geometric design control of highways is perhaps the most highly

perfected, reliable, and widely discussed technique for dealing with the problem

24 For example, see (16), pp. 32-35 and (14), pp. 5-6.
25 See (16), p. 31.

26 See (16), p. 44 for a discussion of the potential of use mixing to achicve
"balanced" uses with respect to surrounding transportation capacity.

27 See (24) and (16), pp. 8-9 for discussion of the Ffuture of this impact and
the factors involved.
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of highway dysfunction? Although this study does not directly deal with such

" techniques, they are important for any successful, comprehensive, solution.28
,Although the techniques employed in access control and land-use control do overlap,
it is helpful to conceptually distinguish the techniques used to regulate 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
for regulating ac;ess are well known and not too difficult to understand.29 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 tﬁis
regard.31 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 controi
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 capécity to regulate new residential development 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 Among the many works discussing the use of land-use controls in regard to
highway protection are: (10), 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 following points,
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of success to protect nearby transportatvion facilities are setback regulations,
the official map, off-street parking regulations, and P,U.D. vegulation, all of

which are discussed in greater detail in Appendix A-1,

A concept that has been discussed extensively in the literature is thar of the
interchange zone or interchange area zening or other controls specifically

3 : . 32 . ; .
adapted for and imposed in such areas. Proposals vary both in details and in

v

the level of government in charge, but all involve the designation of a special
AN

Zone or area surrounding a freeway interchange and the imposition of special

controls in a comprehensive fashion on land and access in the area Lo protect

the intevchange. It should be noted that the needs of the community for access

must be baianced against the need of through traffic for a free-flowing inter-

change arca,

Another major set of techniques fall under the heading of the power of eminent
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 more extensive use in this
connection has been recommended, include excess condemnation, acquisition of
development rights, and temporary acquisition followed by resale or lease-back
under conditions compatible with a eomprehensive transportation and land use plan.,
The use of the last technique listed above shows great potential for dealing with

the preblem of balancing land use and transportation service, and is discussed

further in Appendix A-l.

In dealing with the transportation problem, present land-use controls have

several drawbacks, The most widely used techniques, such as zoning and subdivision

32 See (19), Chapter 11; (15) pp. 32-33; (28), pp. 96-98; and (16), p. 97.

33 See (10), pp. 73~75, 81-82 for a discussion of this technique, its advartages
and questions of feasibility, v
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control, have difficulty in controlling new development around interchanges just
as they do for development on the suburban fringe. Many land use controls, zon-
ing the prime example, 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
present knowledge, planning, and control techniques to as yet undeveloped areas,
However, thére is great promise for upgrading present techniques such as zoning
and utilizing more fully and effectively some of the eminent domain techniques
discussed above., The key to success in this area is improved coordination and
planning, Coordination of available techniques into a single comprehensive
control proceedure is essential if the weaknesses of individual techniques are

to be eliminated and controls prevented from working at cross purposes,

On anotlier level, there is need to coordinate, to an extent not previously
practiced, 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. lNopefully, the
results of this project will be useful in indicating the need for this delicate

balancing process and the coordinated mix of techniques that may prove effective,

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: OVERVIEW

Introduction and Restatement of the Problem

It is conmon knowledge that in recent decades there has been enomrous public
investment in highway construction. This same period has also witnessed large

scale shifts in population from rural areas to urban areas and, within the urban

——

areas, from cepnter-city to suburb. While it has not been possible to develop
complete'explicif 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 infréquently, when 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) due to the
perceiQed 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) assuming that the decision is approved, in
anticipation of the new roadway, land developers and/or speculators become involved
with properties near the proposed route, As construction of the facility begins,
some homecowners and businesses may consider and even act upon location or reloca-
tion deéisions, (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; c¢) in a relatively short time after completion of

the facility, the demand for its use greatly exceeds the demand or the fcrecasts of
demand which existed or were made prior to the decision to construct it. Conse-
quently the design capacities are soon reached and often exceeded, resulting in
congestion and premature obsolescence of the facility. While this is a rather
general description of a very complex process, itlis reasonably accurate, 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 land 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 indicating that the demand for highway travel is
rather sensitive to changes in highway capacity., This sensitivity, as described
above, freduently 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 éhe past, is to construct more facilities, It is
possible that if this policy were followed, at some point, an equilibrium situa-
tion would indeed be reached. This conclusion can be supporﬁed by the assertion
that the elasticity of demand for highway travel is finite, If, howeQer, 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 limit of this strategy, at the extreme, is when:so much land is converted 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 assumed interrelationships between 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 private and social costs,

and measures of the disparities between them. Such .costs would include user's

\




costs (e.g. taxes or tolls), pollution (of all types), costs of relocation cf
activity, sogietal costs of activity dispersion, and ccsts of disruptions caused
by the construction process; all of which are associated with the variouc levels
of transportation facility development. Further costs, associated wich land
development 1include environmental pollution, loss of open space, and congestion
of various pu?lic facilities (which results either in deterioration of service
levels or costs of expansion), in addition to the congestion of the transport
facilities, as described above, Also necessary would be'consideration of the
political feasibility of such suggesfed policies as might emerge from the analyses.
None of this evaluation was undertaken in this project, its principal purpose be-
ing to develop a method of analysis and to use this method for some preliminary

tests of possible policies,

A balance between transportation facility deQelopment and land development

implies a market equilibrium of the demand for use of the transportation facility
and its supply, i.e. its cost, spged, and capacity characteristics, There are two
basic alternatives abailable to the planner who wishes to modify an existing
transportation and land use situation sufficiently to achieve such a balance; though
it is likely that the best strategies will be mixtures of the two altematives.,

The first alternative is to allow demand for transportation to fluctuate freely,

with no interference, and attempt to cope with it, This would be accemplished, as
in the past, by ncw highway construction or (hopefully with more success than has
been achieved previously) by implementation of mass transportation systems.

The second alternative is to attempt to restrict the demand for transporrvation go

that facilities do not become overloaded. This could be accomplished in three
ways: 1) existing transportation facilities could be made more costly to use e.g.
by the imposition of tolls or by allowing congestion to develop thus imposing a

time penalty on users, 2) iand development controls could be imposed, thus reducing
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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

same time that an attempt was being made to control its increase.

The RFP which ultimately resulted in the research described here suggested that:

"the following issues have been of concern to transportation planning agencies:

1. In urban areas, it is necessary to achieve a balance between the need
for mobility and the preservation of environmental 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? What 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 areas might result in travel demand exceeding the supply which can
feasibly be provided, What should determine the minimum or maximum
level of service (speed) which should be used as a criterion for plan-
ning transportation facilities in specific parts of the urban area?

4. What would be the consequence of controlling transportation facility
capacities 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
over time,"

To sunmarize, the essence of the problem being addressed by this research is that
of controlling (i.e. altering, directing, and modifying) the spatial organization

of the metropolis. In particular the concern is with its spatial expansion and

with the feasibility of balanced development of its land use and its transportationm

<

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 achieving that balancea,

Method of Approach

Two aspects of the problem were the principaf determinants of the method of
apprQach, The first is the inherent complexity of compreﬁensive analyséé of both
transportation and land use. The second is the requirement fcr a self-consistent
procedure for testing the sensitivity and response of transportation and land use

to policies for their manipulation. The only analysis method which stands any chance
of meeting these requirements is that of computer simulation modelling. The
remainder of this chapter 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 phenomecnra
poses a problem fer projects of this sort. In general, those models which have
had operational success are, at present, rather too highly aggregated both in
areal and sectoral detail as well as in concept.2 On the other hand, those
models which are more conceptually complete and which could provide highly de-
tailed forecasts, are not yet operational.3 After some consideration of the
project goals, it was decided to begin with an existing operational land use
model and attempt to medify and improve it concurrently with efforts to integrate

it with a suitable transportation network model,

The project requirements suggested, form the outset, that an appropriate model
package would need to be far more complete (and therefore complex) than any now

extant, What is ultimately required is a complete i,e, population gpd employment

2 See (2) and (5) for references to the PLUM and EMPIRIC models as examples.

3 See (4).
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sectors, land use model and a complete i.e. public and private, transportation
network model. Further, the overall system of models would need to be highly
integrated with respect to model inputs, outputs, and feedback loops. 1In 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 distributions 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, estimate of trips taking place in
the metropolitan area. Given this preliminary estimate of metropolitan trips,

it becomes possible to load the future (projection year) network so that ité

travel characteristics (i,e, time and cost) reflect the traffic volumes which would
be on the network if’there were no change in the distribution of activities

from 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. From this spatial distribu-
tion a new estimate of metropolitan 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 estimate thereof. If there are no significant differences

an equilibrium has been reached and the model run is ended. If there are
significant di{ferences, new trips are generated and loaded on the networks and

further iterations are made.

This proposed package of models attempts 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 patterm 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 systems obviously do not just suddenly appear, but are constructed
in stages with consequent rediétribution 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 above, 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 Model 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 some 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 several detailed descriptions

of particular methodolozical problems are discussed in the next chapter,

The land use model selected, despite its several shortcomings, for the operational
model package was the Projective Land Use Model (PLUM). The PLUM moéel (there
are several 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
model 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' employﬁent. The principle determinants 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 attractiveness measures of the '"trip destiﬁafions?.

There are several important implications of the decision to use a form of this
model, 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 selection of this model implies that '"basic"

emp loyment 1ocati;n will be forecast exogénously. In fact, these forecasts do come
from a separate model.4 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 integréte 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 levgl 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
functicns used ;n 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 somewhat arbitrary "correction-factors'.
Consequently, a thor;ugh 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).

S This is discussed in detail in the next chapter of this report.

!
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the model’s allocations, though attempts to evaluate these improvements have nos

yet been completed.

On the positive side, reports on the PLUM medel did indicate thut 1t secmed o
produce reasonablic estimates of the genecral distribution of activities in a
large urban fegion. Of course, as is the case with all other urban land uze
nodels, its rel%ability for specific small area forecasts is considerably less
than that for general regional patterns. The model is enrrently being worked on
and refined by its originators and can be expected to show continued improvement
over time due to both their efforts and those of this project;° Finally, and ot
an unimportant part of the decision, was the fact that the PLUM model was
available and operational at Planning Sciences Simulation Laboratory of the
Universi;y of Pennsylvania's Department of City and Regional Planning prior to

the initiation of the research,

The transportation model package selected for use in this project was developed
by the Planning Scicnces Group at the University of Pennsylvania. This package
contains programs for network coding, tree tracing, and several alternative
capacitated traffic assignment procedures..6 The only deficiency of this network

package as compared to others which were available is a lack of ability to handle

-
/

highly detailed network specifications such as turn penalities, etc, This
deficiency was not relevant to the current work, in that there was no intention
to conducf any investigations at that level of detail, On the other hand, the
computer operation of the Planning Sciences network package is significantly more

efficient than that of the FHWA package (formerly known as the BPR package)}.

6 See Volume 2 of .this report,

7 See (8) for a description of the "FHWA Package",



The principal connection going from the PLUM and IPLUM models tc the Reiwork model
is via trip generation. The main phenomenon which relates the spatial distribu-
tion of activities to the transportation facilities is specified in terms ~{ the
Lrips between activities, which make use of the transpertation syscem, It

should be_noted that in many transportation studies where land use projecticn models
are being utilized, the work-trips are generated by separate procedures. ‘Tese

trip matrices, '‘because they are calculated indegendently of the land use mpcel,

23y not be consistent with the work-trips implicit in the land-use model’s

patterns of residence and workplace, This problem is eliminated by the procedure

described below,

In the PLUM and IPLUM models the locatioﬁ of residences is generated by work-trip
allocation functions based on tranSpoftation impedances {(derived from the
transportation network characteristics) and the locations of workplaces. Tu so
doing, the models implicitly generate a matrix of work-~to-home trips. The work-
trips used in this project's model package are extracted directly from the PIUM
and IPLUM iﬁplicit work~trip matrices, It has, of course, been necessary to make
certain adjustments to this set of work-trips in order to assure that their tota.

!

: . . . g
equals the totals indicated in the San Francisco data files, Currently these
{
ad justments include auto-to-transit person trip ratios, auto occupancy rates,

percentage of all work trips which occur during peak hours, etc,

The location of '"non-basic' or 'local-serving' employment in the PLUM and 7PLUNM
models is generated by home-to-shop and work-to-shop allocation functions based

on transportation impecdances and the locations of the activities. As was the

case for work-trips, this procedure generates an Implicit matvix of sheopping trips

These trips too, are extracted from the models, though by a somewhat differont

8 Sec (1) for a description of these data.
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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 order to most
nearly approxinnte 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 construction of a modal-split procedure and a procedure for dealing with
multi-modal networks in the PLUM allocation functions. Neither of these appear

to present an insurmountable problem for future efforts,

Several alternative procedures for loading the trips on the network have been
tested and are described later in this reporﬁ. The procedure used, called
"incremental tree-by-tree loading method,' is a modification of one developed at
the Chicago Area Transportation Study. Beginning with a free-flow network, a
single tree is traced (i.e. all the minimum paths from that origin to all desti-
nations). Onto these paths'a portion 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 portion

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 loading procedures have been completed, a matrix of travel times
from each zone to each other zone, via the minimum path on the loaded network, is

ralculated for input to the land use models.

Preliminary Tests of the Model Package: Prototypes, Rouands I and II

. 1
The first tests cf the model package were done for a small pcrototype vrbans region

]

of eight areas. After ironing out several minor problems, acceptable results were

>

\ 3
obtained and preparation began for full-scale runs using San Francisco Bay areca
PR
data. The precise form of the model system used in these gcuns is described below

along with a general overview of their results. More detailed descriptilons of

compenents 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 first 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 form of the model (referred
to herein as IPLUM) is an incremental variable version where the forecasts are made
in terms of changes in values of variables from time t-1 to time t. These changes
are then added to the base values (i.e. those at t-1) to yield the forecasts of time

t variables.9

The assemblage of models used for these runs is shown in Figure 2. Basically the
procedure involves a run of PLUM to gencrate hase-year trip matrices for input,
after loading onto a network, to the IPLUM model. After this, successive

iterations of IPLUM and the network model are run,

Before presenting 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-

gested earlier in this report, important interrelationships are ignored by the

9 See (3).
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typical transportation study or typical land use study, either of which ‘assumes
fixed values for the other, then these model runs should indicate significant
and systematic differences in output from a simple zun of PLUM oxr IPLUM not
integrated with a network model, These differeuces should be rather systematic
and in accord with the following hypotheses., First, if land use forecasts are
made based on a free-flow network or a network where flows, and theyrefore con-
gestion, are significantly less than Qould realistically be piresent, the over-zll
spatial distribution of activities will be excessively dispersed, An excussively
\
dispersed pattern of activities will, in turn, produce over-estimates of trip-
making and network congestion. Secondly, if land use forecasts are made basud
on over-congested networks, the over-all spatial distribution of activities will
be excessively concentrated, ‘And, in tura an excessively concentrated pattern of
activities will produce under-estimates of tripmaking and network congestion.
Given these expectations, it is to be anticipated that a linked land-use and

transportation model would show convergent oscillation between decentralization

and centralization and consequent overcongestion and "undercongestion."

The first '"Round" of full model runs was done with a version of IPLUM not incro-
porating modificaticns which were subsequently made to the allocation function,
and using only "work-trips" for network loading. The population ectimates pro-
duced in this round ére shown in Table 1 and Figure 3, An immediate conglusion
which can be drawn from these results is that there isva substantial difference
in the spatial distribution of population as a function of whether or not the
impedance inputs are derived from "loaded" or "empty" networks. Further, it is
clear that there are oscillations in the population allocations as a function of
levels of congestion on the loaded networks, These conclusions reenforcedQour
concern as to the inadequacy of either a transportation or a land use forecasting

method which ignores the relationships between these two components of the problem,



Run I.1 -

o Run I.2 Run I.3 Run 1.4
.
1965 1980 - (1) 1980 - (2)° 1580 - (3) 1980 - (4)
San Frencisco 754,754 764,445 1.287% 763,414 1.14% 765,068 1.36% 765,067 1.36%
Marin 192,523 462,669 243.9 319,634 66.0 301,379 56.5 259,124 36.6
San Mateo 523,271 801,723 53.2 756,041 44.5 83;,885 59.7 938,460 79.3
Sonoma 167,497 368,057 119.7 591,781 253.3 444,212 165.2 377,406 125.3
Napa 69,378 135,910 95.9 183,943 165.1 156,245 125.2 130,538 88.2
Solano 149,386 3’63,338 143.2 437,717 193.0 7 316,304 111.7 276,112 84,8
Contra (Costa 534,056 666,716 24,8 . 720,394 34.9 778,010 45,7 672,925 26.0
Santa Clara 922,357 1,308,470 41.9 1,238,821 34.3 1,341,138 45.4 1,499,215 62.5
Alameda 1,095,236 1,528,722 39.6 1,395,805 27.4 1,469,301 34.2 1,488,690 35.9
TOTAL 4,438,458 6,407,473 44 .4 6,407,471 6,407,470 6,407,474
Round I: Base ?opulation, Projected Total Population 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 groduced congested networks, which then producéd 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 ‘was considered to have met our expectations. In view, however,
of the obvious 'holes" in the package, further, more detailed analysis of these

first outputs was curtailed in favor of work on the needed improvements in the

package.

There were three principal areas of further investigation which ultimately led to
the second round of model runs. First, preliminary 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
required important modifications.10 These were implemented 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

these trips.11 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 estimate 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 I.

These investigations and modifications being completed, it was possible to

proceed with Round II of the model runs. The results of four iterations of the
modified IPLUM, trip generation, and the modified network package incorporating
the marginal loadimg procedure are shown in Table 2 and Figure 4. These runs were
later given the suffix B and are referred to in that way. It is immediately
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 not a welcome result,

A first attempt to isolate the source of these oscillations involved reverting
back to the full network loading procgdure. Since the marginal procedure had
been instituted only after run II.2, (to prepare input for run II.3B), runs II.1
and 1I.2 are used for both Round II.B and II.A. Three further iterations of the
network package, IPLUM, and trip generation were run, yielding runs II.3A, II.4A,
and II.SAL These results are shown in Table 3 and Figure 5. It is

clear from Figure 5, that the oscillations were still present in the system and
the overall results 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, 1In each county the bulk of the zones remaine§
rather stable wh£1e a few of the zones underwent rather large oscillations. For
example, in Alameda county, of 69 zones, only 10-15 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 - (1) 1980 - (2) 1680 = (3) 1980 - (&)
San Francisco 754,754 759,821 0.67% 762,455 1.0% 758,553 0.50% 760,438 0.75%
lzrin 192,523 313,982 63.08 251,919 30.85 341,856 77.57 223,377 16.03
San' Mateo 553,271 840,265 51.9 719,364 30.0 787,382 42,3 700,500 26.6
Sonoma 167,497 440,337 162.? 255,273 52,4 708,799 323.2 244,780 Qﬁgl
Napsa 69,378 118.582 70.9 162,268 133.9 190,562 174,7 93,982 35.5
Solano 149,386 223,074 49.3 351,312 135,2 288,630 93.2 229,551 53.7
Centra Costa 534,056 655,638 22,8 771,037 44 .4 635,465 19.0 783,855 46.8
Santa Clara 922,357 1,412,839 53.2 1,348,370 46,2 1,239,020 34.3 1,429,129 54.9
Alareda 1,095,236 1,643,003 50.0 1,364,748 24,6 1,457,279 33.1 1,941,722 77.3
TCTAL 4,438,458 6,407,472 444 6,407,476 44,4 6,407,468 4.4 €,407,474 44,4
| Round IIB*: Base Populaticn, Projected Total Population for 1980, and Percent Chznge 1565-19280

Yo
( IIB Series, Pertial Loading Between IPLUM Runs)

Table 2
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Run II.1 Run IT.2 Run IX.3A Run II.GA Run II.S5A
1965 1380 - (1) 1980 « (2) 1980 ~ (3) ) 1980 - (4) 1980 - (5)
San Francisco 754,754 759,821 0.67L 762,455 1.0Z;, 759,217 0.59%2 760,607 0.7€7% 758,369 0.487
Marin 192,523 313,982 63.1 251,919 30.9 360,995 87.5 220,628 14,6 362,523 88.3
San Mateo 553,271 840,265 51.9 719,36? . 30.0 858,236 55.1 678.678 22.7 781,160 41,2
Sonoma 167,497 440,337 162.9 255,273 52.4 670,765 300.5 240,426 43,5 782,643 367.3
Napa 69,378 118,582 70.9 162,268 133.9 1;5,177 123.7 95,049 37.0 237,311 242,1
Solano 149,386 223,074 49.3 351,312 135.2 223,454 ) 49.6 231,381 54.9 378,531 153.4
Centra Costa 534,056 655,638 22.8I 771,037 44.4 616,419 15.4 817,730 53.2 611,018 14.4
Santa 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
Alameda 1,095,236 1,643,003 50.0 1,364,748 24,6 1,355,254 23,7 2,087,224 30.6 1,235,809 28.3
TOTAL 4,438,358 6,407,472 44,4 6,407,476 46.4 6,407,455 44,4 6,407,477 44,4 6,407,545 G444
Round IIA*: Base Population, Projected Total Population for 1980, end Percent Change 1965-1950.

-8

*
{ IIA Serles, Full Loading Betwezn IPLUM Runs)

‘Table 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 themu.

Further Tests of the Model Package: Round IV, Network Measures

Several working memos written by Goldner as well as statgments in his report to
FHWA allude to the problems of largely vacant fringe zones.12 In general, these
problems stem fFom the form of the function which calculates the measure of |
attractiveness of zones for residential allocation. In the version of IPLUM used
in the runs described above, this measure was essentially a Ffunction of the
vacant land in the zone., Clearly, for large size, essentially undeveloped (i.e,
largely vacant) zones, the level of attractiveness was quite high. At some point
in the development of IPLUM, Goldner enCefea, 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 thag it is developable Qacant
land which determines the attractiveness of a zone rather than vacant land per s=s.
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 developed,
Presumably this could be a surrogate measure of the available "infrastructure"
é.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 Rcund IV, was run; the results are shown in

Table 4 and Figure 6. (Round III, a policy run, is dazscribed in Chapter V)

It can be seen in Figure 6 that a substantial reduction in the system's oscilia-

tions has been made, compared to Round II shown in Figure 5. Nonetheless, the

12 See (3), Volume II, pp. 57-58, 94,

13 Described in more detail in the following chapter,



Run IV.1 Run IV.2 Run IV.3 Run V.4  Run V.5
1965 1980 - (1) ‘ 1980 ~ (2) 1980 - (3) 1980 - (4) 1980 ~ (5)
San Francisco 754,754 759,821 .60% 767,173 1.6% 763,390 1.1% 766,364 1.5% 763,276 l.ii
Marin 192,523 313,982 63.0 275,484 43.0 363,621 88.8 238,932 24.1 380,640 97.7
San Mateo 553,271 840,265 51.8 762,003 37.7 746,089 34.8 788,324 42.4 735,260 32.8
Sonoma 167,497 440,337 162.8 242,874 45.0 47%,468 183.2 230,152 37.4 520,828 {210.9
Napa 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,?96 143.1 328,929 120.1 262,109 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 1,520,842 64.8 1,287,851 39.6
Alaneda 1,095,236 1,634,003 49;i 1,636,193 49.3 1,503,543 37.2 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"

Table 4

9%
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oscillations were still present and still significant. This oscillation was also
visible in the network loadings, with network links connecting 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 g distribution was expected to be approximately one-

[l

third of the mean travel time of work trips. A look at the travel times on the
loaded networks rev;éled that this was not the case., In the hope that changing the
g values would improve the stability of the system, two runs, Run IV.3A and Run
IV.4A, were made with increased values of 8. These runs produced results very
similar to those of Run IV.3 and IV.4, thus indicating that the model was not very

sensitive to the values of B and that these values were not responsible for the

oscillation problem.

4

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" situation, 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, or to achieve, such a stable situation. The trips
generated from Run IV.3 and IV.4 were averaged together 0.D. pair-by-0.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 aéain 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

N



Rum IV.2

Run IV.3 Run IV.% Run IV,5AVGC Run IV,6AVG
1965 1980 - 2 1980 - 3 1980 - & 1980 - 5 1980 ~ 6

San Francisco 754,754 767,173 1.6% 763,390 1.1% 766,364 1.5% 765,234 1.3% 564,950 .47,
¥arin 192,523 275,484 43.0 363,621 68.8 238,932 24,1 334,808 3.9 320,451 | 66.4
Sen Mateo 553,271 762,003 37.7 746,089 34.8 788,324 42,4 788,168 42.4 778,837 46.8
Scnoma 167,497 242,874 45.0 474,468 183.2 230,152 34.4 294,499 75.8 288,333 72.1
Yepa 69,378 118,737 71.1 163,118 135.1 95,836 38.1 126,219 81.9 130,566 | 88.2
Solane 149,386 363,296 143.1 328,929 120.1 262,109 75.4 319,934 114.1 307,813 . 106.1
Contra Costa 534,056 829,304 | 55.2 78,500 | 36.3 787,235 | 47.4 780,736 | 46.1 788,455 | 47.6
Santa Clera 922,357 1,412,478 53.1 1,325,489 43,7 1,520,842 64.8 1,382,363 49.8 1,401,803 | 52.0
Alaneda 1,095,236 1,636,193 49.5 1,503,543 37.2 1,717,540 56.8 1,621,579 48.0 1,626,328 | 48.5
TOTAL 4,438,358 6,407,542 J 6,407,556

Round IV.AVG:

Table 5

Base Pepulation, Projected Total Population for 1980, and Percent Change 1965-1980

6%
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appegrs that if this procedure of trips averaging were imposed on the model system
beginning with the 1980-3 run, i.e, with average of the 1980-1 and 1980-2 trips,
the oscillations wéuld be brought to within tolerable ranges. Consequently this
trip averaging procedure, which is not a particularly "extreme' solution to the

oscillation problem, was adopted as standard procedure in the medel package.

As described earlier, two principal aims of this research effort were to attempt

\
v

to whelly eliminate forecast errors due to the differences between fraeeflow and
loaded network characteristics, and to partially eliminate the errors due to the
incremental land development resulting from the ch;nges in the transport networks.
The first aim is achieved by using loaded networks as input to the land use modei.
The second aim is partly achieved by repeated iterations of the land usc model and
the network model, It should be noted that while the various intermediate steés
in this iterative process do not purport to have any one-to-one correspondence to
simulated points in timg, the overall stream of iterations is probably similar to

a simulated stream of time. (This notion is further explored in Chapter IV, p. 104).

An obvious point of comparison for this integrated forecasting technique is with
similar forecasts made in the traditional manner. The modified versioh of IPLUM
was run with the "empty" (lacking any trip loadings) 1980 network impedances‘as
input., This, of course, represents the standard procedure for unintegrated use

of a land use model. This yielded a 1980 land use forecast based on the projected
1980 network without any consideration of the traffic which would 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
Sonoma 589,129 - Alameda 1,548,474

Napa 213,256
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This set of forecasts does not reflect any of the feedback from land-use to
transportation. ;f the actual links of the 1980 network had unlimited capacity,
under which circumstance 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
facilities.which aflows portions of them to come into public use and to have

some effect on land use before the completion of other portions. Any model which
makes its forecasts by discrete jumps through time will inevitably miss some 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, some 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 eﬁployment
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 measure does not accurately reflect the true
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traffic situation on the network since there is no way to distinguish whether the
Lotal 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 provide some 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 ar county
forecasts with the conditions on the relevant pﬁrtions of the network. A crude
zone-specific measure of congestion was therefore developed as follows, 1In each

zone there is a network load-node. A1l 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 K
améunt 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-

vf tions, some interesting observations may be developed., There are two general



Iv.3 V.4 IV, 5AVG TV, 6AVG
Mean Vol./Cap. 0.798 0.883 0.827 01811
S. Dev, Vol./Cap. 0.839 0.960 0.822 0.804
Mean Imped, 74,2 89:0 84.0 80.9
S. Dev, Imped, 38.3 52.0 44,3 42,5
Mean Trip Lgth., 32.0 43.5 36.2 341
S. Dev. Trip Lgth, 23.4 39.2 27.2 24,7

Network Characteristics on

Table 6a

Input to IPLUM Run



l Iv.3 V.4 IV.5AVG © IV .6AVG
i
San Francisco ! 1.891 2,005 1.939 1.928
|
!
Marin ‘ 1.425 2,025 1.229 11.090
San Mateo | 2,246 2,176 2,144 2,102
!
Sonoma % 2,446 2,711 2,453 2,407
Napa 1.048 2,218 1.341 1.262
Solano 1,837 1.467 1.526 1,551
Contra Costa 1.558 ] 2,311 1,567 1.566
Santa Clara 1,719 1.663 1,692 1,677
Alameda 1,810 1.922 1.777 1.766

Congestion Measure on Input to IPLUM Run

Table 6B

9¢



57

classes of behavior to be observed. Fifst, 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
"low" and IV.4 pépulation is "high'". This situation occurs for five of the nine
counties; Santa Clara, San Mateo, Sonoma, Napa, and Marin. This situation is

what was expected of the model system, being of the general form: high popuiation -
high congestion - lowered population - lowered congescion -» higher population -

etc. v

The remaining four counties; Alameda, Contra Costa, San Frapncisco, and Solano
exhibit a different form of behavior. 1In 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 1IV.4
population is "low'". This situation is of the general form: high population —
low congestion — lowéred population - higher congestion - higher population - 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 ceonsidering 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 distributiqp 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 positive points to be noted here will conclude the discussion of
network measures. First, the overall network measures given in Table 6a do

Converge with the population projection convergence and are probably Indicative
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of the desired equilibrium being reached. Second, the congestion measures shown
}n Table 6b also seem to converge with the converging population projections.

The anomolous iteraticn-to-iteration bghavior of the congestion measures is more
likely to shed additional light on tﬁe nature of the process than it is to

vitiate the results obtained. Finally, we note that in the development of a system
of models and interrelationships as complex as this one, simplifying assumptions and
certain gaps, both theoretical and operational, are inevitable. Here, however, and
especially in view of the prelimirary nature of these results, the question is not
one of absolute accuracy of forecasts. The nature of the response of tha whcle
system is the key result. The demonstration of the relative sensitivity of land
use forecasts to transportation network cenditions, and of traffic on the networks
to land use forecasts, and that they reach equilibrium, is the principal ocutput

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 adequacy (or
accuracy) of the system's forecasts
a) What are the consequences of redistribution of basic employment? The
PLUM and IPLUM models are deri?atives of the LOWRY model and as such the
forecasts of basic emplovment are exogenous inputs to the models, It
is clear that transportation networks do have an effect on the location
of some basic employment.14 Further, there are strong indications of
decentralization of some basic employment in metropolitan areas, To th:
extent that this may represent a significant shift in workplace location,

there are impacts to be felt throughout the area. Haw should the model

system deal with this problem?

14 See (6).
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b) Both PLUM and IPLUM locate residences strictly as a function of work-
trip dist;ibutions, available land, and 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?

c¢) The networks now used in the sysfem are highway only. Clearly one of
the import;nt questions for future metropolitan development will be that
of utility’of public (mass) transit systems. How can the model system
be modifiéd® to include both highway and transit networks as well as a
model split procedure?

d) The level of séctoral 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.
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N IV, METHOD 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 complicated discussion, certain more de-

tailed discussions of method were reserved for presentation here.

Before moving to Rhe specific discussions, some mention of the data used in the
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-
hupdred ninety-one zonés. This is the same data base as was used for the Bay
Area Transportation Study and which, witb some 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 resegrch 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 IPLUM Allocation Functions .

First, recall that IPLUM 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, 1In the process of adapting that program to our
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computer system Several program errors were discovered and are noted in yvosume

2 of this report,

There are severdal constraints imposed on the IPLUM allocations duriang each pro-
, . . 1 .
gram run, These are described by Goldner in Vol. 1I of his report. The fivst

question in regard to these constraints was one of the degree to which these con-

7

straints modified the model's 'truve' allocations, The second question was that of

the theoretical and/or conceptual legitimacy of the individual .constraints,

A sei of experimental model runs were made investigate the operation of the

constraint factors in IPLUM. él 1s the correction factor to ncutralize the

"distorting" effects of components of the allocative functions. It scales the
allocated local serving employment increment (summed over all zounes) to the area
wide control total of local serving employment change (a calculated input to the

model) ., éz is the correction factor to neutralize the effect of the population=-

per-employed-resident for the hase year, since IPLUM operates on increments
rather than base year values, It scales the allocated residential non-working
population increment summed over zones to a calculated input of area-wide
residential non-working population change (control total for projected year).

Four runs were made of IPLUM to test the effects of él and 62 on the allocation

mechanism of the model, (1) Base run, (2) él not invoked, 62 remaining the same,

(3) &l invoked and ¢, not invoked, and (4) both él and 62 not invoked., The

2

essence of the results of these runs was that the model is critically sensitive

to the value of él and CZ‘ Further, there was some suspicion that the magnitude

of C1 (x13) was indicative of potentially serious problems in the model's equa-

tion structure, There was clearly a need for further, and particularly thovough,

investigation of these constraints.

1 See (6 ) Vol. II pp. 78, 84-85, 92-93 and Chapter 6 in general.
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The most critical 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 IPLUM. In general the procedure has three
steps., First, a function describing the probability (all other factors being con-
stant) of travelling a given time-distance for. a particular trip type e.g. work-
to-home, work-to-shop, home-to-shop, is described and split into 31 intervals.
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, - Finally,
the elements of this matrix are "Veighted" by indices of zonal '"attractiveness',

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 Probability of Trip of Length t
1 minute .50
2 minute ' .30
3 minute .15
4 minute .04
5 minute .01
>5 minute .00

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 1l 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 mosf 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:
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No. of destination zones in ring
t minutes from the origin zone

Origin Zone 1 min. 2 wmin, 3 min, 4 min, 5 min,
Zone 1 5 0 3 0 2
e —
Zone 2 2 2 3 1 2

Thes in the 2 minute ring for Zone 1l there are O destimation zones while in the 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~
ties4are associated with travel to rings. Consequently the probability of a trip
from a given origin zone to a given destination zone is equal to the probability
of travelling to the destination zone's ring divided by the number of zones in
the ring. Consequently the probability 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 ring

1 is .5/2 .25, While it could be argued that this procedure introduces the

effects of zone-to-zone competition for locators, it is not clear that this is
the most appropriate point at which to introduce these effects as opposed, for
example, to doing so in the calculation of attractiveness indices. The issue is
confounded by a treatment of the case of rings containing 0 zones which apparently
stems from notions of intérvening opportunities, When a destipation ring contains
0 zones the entire probability of travelling to that ring is added to tie next
further ring. Looking again at our example, from Zone 1 there are 0 zones in ving

2, The zone 1 probability of travelling to a zone in ring 3 is (.30 + .15)73 = [15,

Summarizing the PLI™M calculations for our example,
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-

]
Zone 1 'ﬁ .5/5 n.a, | (.3+.15)/3 n.a. i (.04+.01) /2
Zone 2 H 572 | .3/2 ’ ,15/3 .04/1 | .01/2
R S T ]

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-

ling from a given origin zone to A‘given destination zone is equal to the

probability of travelling to the destination zone's ring divided by the time to
the ring. Consequently the probabilit& of a trip from Zone 1 to a zone in ring
1 is .5/1 = .5 and the probability 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 zones. 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 l1's ring 4, the probability

of travelling from Zone 1 to a zone in ring 5 is (.04 + .01)/5 = .0l. Summariz-
ing the IPLUM calculations for our example.
r IRinanaiat TrmTmTTT e o
| Probability of trip to dest. zone in ring
Origin Zone E 1 2 | 3 4 5
= ! ! - S R
T |
Zone 1 f .5/1  |n.a. ,(.3+.15)/3 n.a, (.04+01) /5
_‘. —— hl _—.’ - r—— e e gl
Zone 2 1 .5/1 |.3/2 i .15/3 04/4 .01/5
A ]

|
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Again, consider the '"theory" implicit in the access-attractiveness types of
allecation functions with which we are here concerned. In general one is attempt-
ing to describe fhe aggregate behavior of a groué of tripmakers, Considering a
particular origin, 'other variables' being equal, the theory postulates that the
trips to any given destination will be a function of the difficulty of reaching
the destination and the degree to which that particular destination is capable

of satisfying the trip purpose. The difficulty of reaching the destination is
usually expressed in terms of travel time and/or cost. The degree to which the
particular destination is capable of satisfying the trip purpose is usually
expressed in terms of some 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 before
reaching the "intended" destination., And second, which is really just a different
form of the first, there is the possibility of competition amongst alternative
destinations. Both of these 'other" variables have been used in various formu-
lations of these allocation functions for the many land use modéls which have

been developed in the past decade.

A convenient way to think about such access functions is to divide them into two
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 basis for the PLUM and IPLUM allocation functions as
described by Goldner in Vol. II of his report, cited above.2 Unfortunately it
appears that the allocation functions as implemented in the models are inconsis-

tent with this theoretical framewcrk. 1In particular, the second step of the

2 See (6 ) pp 53-58 and Chapter 4 in general.
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allocaFion procedures, by virtue of the manner in which rings containing 0 zones
are handied, produces an upacceptable 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 difference stems from considerations of
"interveping opportunities", close inspection of the algorithms will reveal 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
allocation 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 C1 correction factor, but which was
‘discovered in our investigation not to be the case. This correction of the
probability function ranged from 0% to 3% and produced a change in C1 of 107% and

changes in some sub~area allocations of up to 207%.

The second change involved asserting that the probability of a trip of length t

_is the same for all- possible zones of origin. The algorithm was modified
accordingly, with the problem of rings containing O zones being shifted to the
attractor portion of the calculations. With this procedure, and the above

numerical example the following table would be obtained:

!: Probability of trip to dest, zone in ring

]

Origin Zone lg 1 2 3 4 5
'——"'-'"z’_':“—::‘———":”:“-‘_"“ — ———— ===
| ;g T

Zone 1 I .50 .30 «15 04 .01
T

Zone 2 ,; .50 1 .39 .15 .04 0L
]
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The calculation of attractors was left unaltered., The results of this modifica-
tion were substantial, with the value of C1 falling from 18.9 to 0,91 while

changes in scme sub-area allocations were as great as 50%.

The discussion thus far has described modifications and tests of th- allocation
function for households, In the IPLUM model a similar procedure is used for the
allocation of "local-serving" emplovment, In this case, in;tead of work-to~home
trips, the model\is concerned with home-to-shop trips. The same modifications
discussed above with reference toc households were intreduced into the employment
allocation., This time a fourth IPLUM run was made. This, of course, resulted

in significant changes in the employment estimates, and subsequent changes in the
population estimates, The value of C1 for this run was 1.000. The incrementail

"unconstrained! dwelling unit allocations from the above runs are tabulated below.

Run-1 Run-2 Run-3 Run-4
San Francisco 65,531 66,097 64,085 48,989
Marin 40,261 40,350 31,490 32,448
San Mateo 76,361 76,566 102,725 110,302
Sonoma 102,954 103,370 48,652 68,910
Napa 26,060 26,057 12,709 14,607
Solano 59,493 59,521 32,564 34,996
Contia Costa 47,736 47,630 37,412 39,153
Santa Clara 123,035 122,391 223,091 191,712
Alemeda 97,129 96,750 70,318 ° 1,100
TOTAL 638,493 638,727 623,942 622,213
C1 19,204 18,980 0.912 1,000

The different runs were:

Run-1 Base run

Run-2

Sum of probabilities constrained to 1.00
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Run-3 = Same; plus probability of a trip of a given length is the same for
| any origin - for households only.
Run-4 = Sane as Run-3 but exténded to employment as well as households

The results of these runs in terms of incremental 'unconstrained" local-serving
