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I.

LA PROBLEMATICA DEL DESARRQOLIZO Y SU RELACION CON SISTEMAS

URBANOS.

.
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LLa palabra "desarrollo" ha sido usada con mucha popularidad en
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la década’'de los sesentas.y en los afios setentas definiendo a un mundo divi

JRESR T DU

dido entre ricos y pobreés. Lo importante hoy dfa es definir claramente
—desde el punto de vista de los paises del Tercer Mundo- lo que "desarrollo"

significa, J

De acuerdo con los modelos gue pretenden promover el desarrollo,

podrfamos definir el desarrollo mismo a través de los objetivos que estos

\

modelos quieren alcarzar. Estos objetivos son —entre otros- productividad

industrial, alto ingreso per capita, avance tecnoldgico, educacién'yvotr*os.
Sin embargo nos preguntamos: wc',Es”estétin‘ de vdesar‘gollomsuﬁciente y apro
piado para aquellos paises que gstén hoy dia planeando su porj\}enjir‘?. T gl

Sociologo Denis Govlet nos indica que en los paises que han alcanzado este

tipo de desarrollo ~tales como los Estados Unidos- este proceso.

'

", .. 'Noes geruino. Es anti-desarrollista, una
* simplificacién ;iél verdaderd prodesg . . . Conside
“ramos que paises présperos econdmicamente - son
avanzados. Sin embargo desarrollo significa mas '
que carr‘eter‘a:s congestionadas con automoviles, tele

visiones en cada casa. Lo que economistas llaman
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frecuentemente riqueza Nacional es muchas veces
1 ~
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solo desperdicio . « " (1)
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Antiguamente, el concepto del desarrollo podfa entenderse y

>

definirse mejor como una serie de cambios que se han logrado a través

de los siglos en la parte occidental del mundo. Estos cambios han

propiciado a través de un incremento en la productividad y el consumo
un mundo més facilmente vivible para’la humanidad. Los signos mas
obvios de una sociedad desarrollada bajo estos términos son la crecien
te concentracién de la gente en urbes y, un papel mas determinante de

la industria en la economfa de esa sociedad.

Desde 1950 en adelante, el proceso de desarrollo fué percibido
no solo como un proceso de cambios sociales y politicos, sino como
"El proceso histérico que influyd en todos los demés factores que crean una

Ly i
sociedad,

El entender el proceso del desarrollo en el contexto anterior
mente indicado y extrapolado a todas las sociedades del mundo, delimité
y clasific6é'diferencias sociales y econdmicas bésicas que existen entre
las diferentes culturas. Se pensb que las areas no-desarrolladas eran
simplemente més desafortunadas que las que ya lo eran y que la linea a
seguir era aquella en la que las sociedades en vias de desarrollo debian
de tratar de ser tan productivas, integradas y democréticas como lo

eran los paises desarrollados.

Ademés de esto, esta idea del desarrollo provefa una impor

tante confrontacién con los sistemas comunistas, ya que la imagen de

un pafs en desarrollo cortenfa los elementos mas atractivos de progra |



‘mas.comunistas-y socialistas, sin requenir el colectivismo. Esta nocién
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déel ,dkesa"f‘:ﬁbuq enfatizé la propiedad privada-proveyendo la:rdbrica dentro

/
de la,cual una ideologia competitiva con el.comunismo pudo’erigirse.
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Como podr‘é. apremarse las razones para rechazar' una defini
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cibén del desar‘rollo en bases compar'atlvas Nno son d1ﬁc11es de enunciar, L_a
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irreal glomﬁcamén de las soc1edades "desar‘rolladas" como naciones pode
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rosas.y prosperas,.sin-problemas. sociales. (una tendencia tipica de los afios
1950s) se lpqmpleme,nta;éon ruestra percepcidén de que iesas mismas socie

dades son extraordinariamente:racistas, economicamernte injustas, ecolo

gicamente desastrosas, e, interracionalmente.inmorales e impotentes.
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Despues: ‘del ané1151s hasta aqufi elabor‘ado A tratando de evitar

un estudio r:\:was,esg‘ecfﬁcp,acer‘cfa}‘denIas\ﬂuc,tuacionesgde.:ideasﬁ‘que existen
acerca del de‘s‘é\:r;r_"_ollvgq-\'(l_o cuatl, béjn%enec;érfa:_é— una éétedr*aw_:c*;ér'{tra‘da* Lflhiéa_x_
mente en el tema del ,,desarrqllp), podnfamos;“defirw‘in en un:sentidof a'mpliou
-y pla}rja r)g,—xestr{o\s,vp)r‘opési.tps-; elﬂdes,aérgéllq, yva no en.béses \compairativas -
debatibles sino simplemente-.como.'\"El pr,oce‘so;l-,ﬂsténic‘o de:cambios tecno-

1égicos, politicos.y .sociales-que.se han originado.por una démanda popular. .

por una mejor vida'', o

a1,y AR TN,



CONCENTRACION URBANA.

Cada especie animal requiere un "nicho" para subsistir, esto es,
una serie de condiciones naturales precisas que permitan su reproduccién
y super viverncia. EIl hombre primitivo podia ajustar su existencia a sbélo
dos elementos, el ambiente natural que lo redeaba y su choza. El hombre
moderno, en contraste, requiere una gran variedad de medios de subsis—

tencia muy complejos (sus exigencias minimas se han aumentado).

La actitud del hombre moderno hacia su entorno se halla profun
damente ehr‘aizéda con tradicior;ues y concepciones filoséficas y religiosas.
El ser humano ha pasado de la etapa de la exploracién a la explotacidén del
plareta. Percibir el agua y el aire como bienes gratuitos es parte de esta

concepcibn que considera a la naturaleza como objeto de explotacién.

La éiudad contemporanea es el producto eminente del siglo XIX
Europeo. La metrdpoli moderna data solo de 100 afios atrés .('L) Enla
antiguedad tanto el habitante urbano como el rural, se encontraban, en
estrecha relacibén con su ambiente inmediato gue en un mismo lugar concen
traba su habitacién y lugar de trabajo. EI desarrollo de ordén econbdmico

crea una separacién del individuo respecto a su hogar, aisldndolo y situén

dolo en una relacibn impersonal con su empleo,

Debido al efecto de todos estos cambios, los habitantes urbanos
desarrollaron y dieron contenido a las ruevas formas de accibén que carac

terizan a la ciudad moderna, Estas formas son mas de caracter particu

lar durante el siglo XIX que lo fueron anteriormente en la asamblea tra-



dicional de la ciudad tipo medieval,

2

- _x,rEl felné_meno migratorio del campo a las _concentraciones urbanas
-se inicia, tangiblemente, a mediados .del siglo. XX, ,'Cor_no consecuencia
de la rapidez con que este desplazamiento-tuvo lugar,-conjuntamente con la

falta de planificacibén, el crecimiento vino.a ser.en.cierta.forma-caético.
l_'as zqnas,;pe_yiﬁér*icas;,a'1__as~grjandes«u?‘bgas;eeci_nti‘@rqn es’;cos efectos pr*inci_

palmente lo cual impidié‘que aquellosquefhabfan empleado la movilidad
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= La.crisis en asentamientos:-humanos -existen hoy,dfa debido a la
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(dificultad con.la que &L‘.honapreﬁsezencuentr:é paraxest,a,l_o.le.c‘%!?.ﬁ_sq nicho en

un lugar determinado. Esta crisis es tanto de cantldad como de cahdad.
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Segin calculos de las Nacmnes Unidas (3), 1a poblamén del mundo aumen

-

.J‘r‘-

taré aproximadamente al doble —un poco mas de seis Y ‘medio miles de

N s

millones~ en las“préximas t}*es décadas (3). Para \el afo 26(50, por pm_
{".-, .. / ) .

mera vez en: la hlstoma, habré. mas gente en areas ur‘banas que ‘en rur‘ales.
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Habr‘a cer*ca de tres mil y medto mlllones de per-sonas en ur‘bes de 20 000
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habitantes 6 mas. .
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lLas politicas del Desarrollo, particularmente en el Tercer *
Murdo, deben enfrentar algunos hechos inevitables. Los asentamientos
humanos requieren una mayor atencién dzbido a que los centros urbanos

aurmentan al doble, y las grandes metrépolis aumentan al doble también,
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Estos aumentos son mas marcados en la presente era de constantes
inovaciones tecrolégicas, las cuales cambian la forma, dimensién,
impacto y duracibén de actividades econdmicas en modos dificilmente

predecibles,

En la mayoria de los paises en vias de desarrollo, y tam
bien en la localizacibn histbrica de los asentamientos de ciudades
pléneadas enuna forma centralista las poblaciones se encuentran
donde estdn como un sub-producto de politicas y décisiones basadas
unicamente en intereses de tipo econdmico pero no éocial. La cuenca
de un rio, una bahia abierta, la explotacién de una riqueza mineral,
etc., determinan la localizacidén original de un asentamiento humanro.
Después, las demandas econdmicas concentradas en esa :'nisma &rea,
aunados con los aumentos en infraestructura y necesidad de movilidad
del producto econbmico —de adentro hacia afuera y viceverza- crean
una dindmica la cual, por ejemplo, transformé New York de un puerto
de 20,000 habitantés a un area urbana de 20 millones en solamente un
siglo y medio. Pero decisiones econbmicas, impulsadas por otras
decisiones econdmicas no producen por si mismas un orden de tipo
humano y social. Ellas pueden dejar minorfas en regiores desarro.
lladas y mayorfas en &reas sub—desarrolladas con niveles de vida muy
bajos. Este proceso crea una amenaza para la calidad del ambiente
urbano desde los puntos de vista econbmicos, social y politico. La

evidencia de que lo antes expuesto es vélido es claro, la realidad nos
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lo muestra, si estrategias mayormente econdmicas hubieran sido
suficientes para crear centros urbanos convenientes, equilibrados
y justos, los tendrifamos ahora. La crisis que enfrentamos es que
no los tenemos. Lo que nos queda como tarea entonces, es el buscar

alternativas y politicas que mejoren nuestros centros urbanos.

ORIGEN DE LAS CRISIS EN LOS CENTROS URBANOS.

L.as grandes concentraciones humanas —los centros urbanos—
crean logicamente un efecto en la calidad del Medio Ambiente, Es\to
se puede observar a través de la acumulacién de materias sbélidas,
l{quidas y gaseosas, resultado de muchas de las actividades humanas
diarias. Esto produce un impacto dentro del ecosistema en el que
el hombre vive el cual pore en peligro la vida de algunos seres, incluso
la del hombre mismo, Las fuentes de contaminacidén aparentemente
mas notorias son aquellas representadas por los desperdicios sbiidos
o basura, la produccibén de energia eléctrica & atbmica, la explotacién
minera, la actividad agricola e industrial y la de los transportes de

motores de combustidn interna.

En México, por ejemplo, los desperdicios sdlidos de origen
doméstico e industrial en el Valle de México alcanzan un total de

8000 toneladas diarias., La contaminacidn del aire en el mismo valle

de México estd . generado por la existencia de aproximadamente 50,000



unidades industriales, cerca de 4,000 calderas (de panaderias,
hoteles, hospitales, etc.) y mas de 650,000 automdviles circu
lando en la Ciudad de México (arrojando 4,884 Kgs. de hidrocar
bonos orgénicos y 24077 Kg. de particulas diarias), y otras acti
vidades productivas y de transporte cuyo consumo diario en el
Valle de México durante 1972 fué de 13,600 toneladas de gas
natural, 3,670 toreladas dé gas combustoleo, 5,599 de gasolina

y 1,688 de gas licuado. (4). Respecto a la actividad industrial en
México: ingenios azucareros, destilerias, rastros y empacadoras,
industrias quimicas farmacéuticas y otras: el 20,5% de estos esta
blecimientos estan concentrados en la Ciudad de México vy el 5% en
el Estado de México, creando contaminantes de tipo orgénico e
inorgénico, y tambien ruidos inarticulados y desagradables que

especialmente en zonas urbanas adquieren caracter dramético .,

Las consecuencias que los impactos ambientales creados

por la contaminacién ocasionan pueden enumerarse como sigue:

1o Reduccibn en la visibilidad (Una reduccidn en la
visibilidad en el Valle de México que V& de los

12 Km. en 1940, a menos de 2 Km., en 1970).

2, Odor en el aire,



3. Contaminacién del agua.

4, Alteraciébn del Clima,

5. Erosibn del suelo.
6. Efectos en la Salud publica urbana,
7 Efectos psicolégicos (ansiedad, depresidn),

Como un breve paréntesis cabe indicar aqui que aungue
nuestra atercibn estd enfocada en el &rea urbana, el problema rural
es mucho més dificil ya que se carece de todo tipo de recursos empe.
zando por la falta de la propiedad de la tierra y el bajo ingreso econé_
mico., Si se considera que en México 55 por ciento de la poblacibén
rural - aproximadamente 12 millones de personas~ percibe un ingreso
per capita de $2 pesos diarios, L—? mitad de estos 12 millones obtie_
nen un ingreso por debajo de un peso cincuenta centavos diarios. En
el afo de 1969 el 60% de la fuerza de trabajo agricola eran campesinos
sin tierra. Aproximadamente cinco mil poblaciones de 500 a

2,600 habitantes carecen de servicios de agua potable en México.

Otras causas que crean la problemética del desarrollo y
los centros urbanos —ademés de los impactos y efectos contaminan

tes antes descritos— son;

1) El crecimiento de la poblacibén debido a los problemas
del desarrollo,

2) El trecimiento mismo de las ciudades.
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3) Las diferencias en las necesidades vitales

del ser humano,

4) La existencia de las zonas marginadas 6 ciudades
ber‘didaso
5) Los valores de la Socicdad Mcderna,

CRECIMIENTO DE LA POBLACION,

Las poblaciones en los centros urbanos se han aumentado
considerablemente debido a que estos son como magnetos hurmanos,
debido a que las actividades econbémicas se realizan principalmente

aht,

En el presente siglo, la Poblacién Urbana de la RepUblica
Méxicana que vive en localidades de 15,000 6 mas habitantes, crecib
5
con mayor rapidéz que la poblacién total del pafs. ~ Alta urbanizacién

se contempla principalmente en 3 ciudades: México, Guadalajara y

Monterrey.

La tasa de crecimiento de la poblacibn se ha ido incr‘emerl
tando en México adn mas durante los dltimos afios de 2,7% arual de
1940-1950 paso a 3. 1% y 3.4% para los perfodos 1950-1960 vy 1960—
1970' respectivamente. La tasa de crecimiento de este Gltimo

periodo fué, -después de la de Libia y Costa Rica, la mas elevada del

mundo,
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En 1970 el 45% de la poblacibébn mexicana vivia en zonas

urbanas, mientras el 28% radicaba en comunidades de menos de
un mil habitantes. Si extrapo‘blamos estas tendencias hacia el

- PO BN

futuro concluirfamos que para 1980, México seré un pafs predo

minantemente urbano,

'E1 misfo fenbmeno se présenta‘en otros paisés'Latino~
Americanos.” Por ejemplo, en Brasil; a partir de 1940 la pobla
cibi suffeé una importante transformacibn: el paso de lo'rural

alo JFBé'nB; "En 1940 la poblacidn brasilefia era.de. 41,236-mi -

‘1llones de habitantes, de estos el 31,2% (12,800 millones) era_ .

poble}cién rural, -Para 1970 habian 94,506 millones de brasilefios, 55.8%
habitantes urbanos ( 6 52,908 millones) y 44.2% hébitaﬁtés rurales

it

41 ,,604 milloness; Si e‘stos' datos se <ext‘r'av.p<>31ar‘1v éétis p:ar*it;\\.xs., Vpar*a:'
1980 Brasil habré cambiado:diamet-r*alm‘enté su ';gffuc£;;éibgt;fé.cionaf.
Una tercera parte de los habﬁ-:antes urbano; (1 940) \sle’ convert1ré 'én
165’“2/3 pé.rtésﬁ 9805‘)’/, 'céf*r*espoAndi\entemente,:}T\as de-dos terceras
partes de los pobladores'en 1940 (ru ral'eé) constituiran \ghpnlh.a el otro

tercio, (6)

EL CRECIMIENTO DE LAS CIUDADES.

*  Aproximadamente un 40% de los habitantes,de la tierra

. . i
viven en nucleos de poblacibén 6 urbes. Este proceso es de caracter
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dindmico a través de la historia. Japbén muestra un tipico Tjenipio
de esta dindmica de cambio cuantitativo. En 1900 la poblacidén de
Jabn fué de 40 millores, 10% (4 millones) era poblacibén Urbana,

Con el proceso de desarrollo industrial, para 1945 alcanzb los
80.millones de habitartes, 40% qulacién Urbana . En 1970 la tasa
de crecimiento habfa decrecido, pero aln asf habfan 100 millones de
Japoreses, 65% de ellos habitantes urbanos, Si extrapolamos estas

tendencias del crecimiento de la poblacibén, para el afio 2000, habré

6 . : : .
120 x 10~ japoneses. 90% de ellos poblacién urbana. Esto significa
ria probablemente que estos habitantes urbanos estarfan viviendo

una "Gran Megalopolis" alrededor de la Bahia de Tokio. (7)

La crisis de la cantidad de personas puede ser expresada
en términos de construccibn. En general, mas edificios se necesi
tardn en las 3 préximas décadas que todos los que se han construido

hasta la fecha en la historia de la humanidad,

La crisis puede expresarse también en términos de costos.

Tomando en cuenta de nuevo el ejemplo de Japbn podemos pensar que
ademdé&s de los costos incurridos durante los Gltimos 25 afios, debido
a las necesidades normales de crecimiento de la poblacién y los dafios

de la guerra en concentraciones urbanas, para los proximos 25 afios

el capital necesario que ha de invertirse es 20 veces més. (1)



Pero la crisis puede tambien expresarse en términos
de ca}idad. Aqgf gxisten 2 paradojas ! asentamientos humanos
crecen cor%tinuamente, y’_tr'adicionalmente, las ciudades han re
presentado el éxito del proceso del desarrollo., Mas ur*banismo
deberia - teoricamente - llevar hacia el mejoramiento social,
l.as mism"as palabras "LJr'ban{smo" y "Civilizacidén" se derivan

de la cr*eené:iai de que el orden hecho por el hombre, beﬁézé

estética, cultura, dignidad y prestigio florecen mejor en ambientes

urbanos,

- ~ Sin embargo » la calidad de los asentamientos urbanos |
contemx?qraneos parece estar muy lejos de aquellos ideales u rbanj\os.
El gesarﬁouov.teqmolégicg“) comenzé a localizar el trabajo del hombre
fuera del campo.y a cor)centr'ar‘lo’,en fébricas y como r‘esuljcado., los
Iabonadores__yi;'\ieron del campo a las ciudades para buscanr trak;ajg
y vivienda., Las primeras ciudades industriales fueron tan conges
tiona‘da'.;-:, contaminadas, violentas y ruidosas que el movimiento
. hacia:‘ ai%uera de la gente mas rica a los suburbios empez6 a deﬁnir"
la forma de 1a§ ;'regiones urbanés", por ejemplo, para la mitad del

siglo XIX, la Ciudad de New York pasé su densidad méxima (en 1860).

l

Pero aln asi, mientras una cantidad de gente se emigraron

de las ciudades, otras inrmigraron a estas, Esto se puede observar
]

en el proceso histérico de los paises desarrollados, sin embargo las
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ciudaces contiruaoan corcertrando la poclacibn. Palses cormno

e 80% urbanas. Aln asf,

"

Inglaterra y Holarnda han tlegado a
muchos de sus problemas urbaros fundarneniaies rno nan tlegado

a ser resuelios adn mientras comunidades urcanas se corwvierten

en estaciornarias,

Tsta es ia grar paradoja, aln de los vie jo:; susfios gel
urbarismo, el crecimierto urbarc en las primeras fases cde desa_
rrotlo tecnolégico no se deserwvolvid enuna forma aceptable, atrac
tiva v conveniente para la sociedad. Ura muesira de cue esto es
cierto es gue noy dia, los wiristas buscan gereralmente ya sea civ

as bellezas

-t

dades viejas, magnificos sectores pre—-irdusirizies, 5
naturaiss - No-JUrbanas— de los mares v las mortafas, Los visitan
tes detestan ya los granrdes centros urparos como Chicago, YoHonama,
Par{s v otras para sus momanitos de recreo. Podriamos corcluir
que asf como el hornbre se convierte cada vez mas urbano, el invema
ciudades gz =i ~lomc o esta gozando.  Las rusvas ciudades hacen
gue ia satisfaccidn sea cada dia mas dificil, Problemas como la

deposicibn de desechos sdiidos se incrernertan en su cornpiejidad, =n

os Estados Unidos por ejemplo las geries tiraban al principio de ios

=t

Acs 70s 48 cillones de latas, 285 billores de Lotslias, 83 sillores

Q.

=

tapas de botes v 7 miilores de automovﬂes en desuso, ?;3.“,

s

La segunda paradoja es que ain ael reconccimiento general
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de la problemética urbana, una gran cantidad de personas ven estos
sistemas urbanos como el objetivo de sus ambiciones. Esto sucede
adn mas en los paises en desarrollo dorde el fenbdmeno mencionado

de mover gentes del campo a las ciudades se acertGa.

Veamos ahora como se ha comportado este crecimiento de

las ciudades en nuestro medio mexicano,

El crecimiento poblacional y desarrollo urbaro en México
puede observarse claramente en las 8 ciudades mas gsrandes del pafs:
México, Guadalajara, Monterrey, Puebla, Ciudad Juirez, ChihuahQa
y Lebn, De estas, el &rea metropolitana se desarrolld con mayor rapidez
que las otras ciudades del pais hasta 1960, afio en que la tasa de creci
miento del &rea urbana de la ciudad de México se mantuvo més o menos
constante, Es importante notar sin embargo que desde 1950 a ruestros
dfas las ciudades de Guadalajara y Monterrey han registrado tasas de
crecimiento sensiblemente mayores que la del &rea urbana de la ciudad

de México.

E1l crecimiento de estas ciudades mexicanas ha sido muchas
veces desproporcionado a su densidad. En 1970 Guadalajara contaba

2
con un Millén 199 mil habitantes en una superficie de 187,91 Km. Esto

2
representa una densidad de 6 mil 362 habitantes /Km . Guadalajara
tiene 36.38% de la poblacidn total del Estado de Jalisco, Otra muestra

clara de la gran concentracibén de la poblacibén en zonas urbanas.
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El proceso de urbanizacidn en México actualmente puede
observarse principalmente en ciudades pequefias y redianas. Sin
embargo, la mayoria de las poblaciones en Méxicc tienan muy escaza
poblacibén, Aqui los niveles de vida son generalmante muy bajos y
los servicios pdblicos elementales son muy escazcs 6 inexistentes.

¢

VALCRES DE LA SOCIEDAD MODERNA,

Otro factor importante que parece haber contribuido a
las crisis urbanas es que dentro de muchas sociedades, el hombre
desea vivir en las grandes concentraciones humanas, Parece que
no importan muchos de los inconvenientes que representan las ciu
dades, con los congestionamientos de los centros de las ciudades,
las dificultades para escapar a la naturaleza, etc,, porque para
muchas personas, el objetivo de su vida es el de establecerse en
la gran ciudad. En paises del Tercer Mundo, donde las ciudades
no son aptas para bn*oporcionar muchos mas servicios répidamente,
el fendmeno migratorio de pequefias ciudades a mas grandes, o del
campo a la ciudad se vé mas dramético que en circunstancias como

v

las de los paises economicamente avanzados.



17,

JECESTDADIS VIT \Iﬂ..u DiL _SIR IMRIAIO,

Por deJ.:.nlc:Lon, wn asonua.m.ento humano debe de cxistir

~

pril.mrdia.'l.mcn'to para savislacer necpsidades hwianas, En términos
Heoldpicos un asentamiento es wn nicho ¥ su cficiencia debe estar .

mod de. par cl ;;cudo ncdmn’ao el cuo.l sab ce las necesidades da
.todoq los ceres que lo ha.bi'l:an. Sin. enbargo, cs’ca definicién no

cs dei‘ini‘tiva. Los seres hwna.nos Somos una especie qua ya no
cshi acoutumbra.aa a v.z.v:x:c' ‘C'i{;ulcndo sinplemente los impulsos de sus

instintos, Los humanos podemos definir y plancar nunsiras propias

,“_';
0
l_I-

neees

dades. llosotros podemos necesitar tantas cosas camo imaging

mos, las cuales no ticnen limite,
Foy ciertas nccesidadés, sin emb;u:go, qué_son, gammes a

st a8 - son las l'lC‘CGSJ.duClOS J.LOlOP:LC s tales

tc_;dg; la.s cqraunidades.
como:  alimentacidn (proteinus), agua, habi‘tacién, “salud y otros,
Hornalnente la forma do poder_o.dc'juiri:c'vle‘st,as nccesid'adesf*es a sravés
de la parcepcifn de un salario adecuados,

Un problema imxy comslejo de definir entonci:s.egs ¢l poinar
se do acuordo en cualos son aguellos estandards minlnos pora que los

humanos puedan dassrrollarse sabisfactorianente en sus asentanientos,

Estos esbandards =doar supursto- doben ser variabloes y flexiblcs, Las
noczsidades de cilorias 6 habitacion varian de acuerdo con clima, loca
l.LZ‘..C..LO‘l M elelg rﬁ’ic a, ocupacidn, cdud, y otros, Hasta ahora, estos

ind: couo“o socicles ¥ econdmicos ds n.ncm" ades nmancs bisicas no

han sido aln determinadas, Sin embargo, os clero cuc debe existir

s



g preceuraciim

oora enconbrar esos estunder

-

Lue

ds ilninos sobre todo

en las canm ades mas pobres del munde,
\
Agtos nlalaos estancards alfcctardn cntonces la izcera
ai qua ¢l uso de las riquozas del mundo ce llevan a cono.,  Para

dalcciente 255 de la poblacidn mmndial,
COnSwATA J
o mundial,

la woblael

peaenos declr qua los nailscs Gesarrellados

Solanente los lovados Uniccs

» da 1 ao riguezas del mundo coaboado unicaacnie con & de

S1 auclescnios logror que cl Ser hnmono aseiit’e Sus o.c2
* - . » . - . - . - (T -
sldadas bioldricas uinimas, onSonces HCArENos poisaw ¢n Celerrdanr

ouro tino, tales calo

crono_bgico),

Leteriales, socialos, ¥ cutlra

LLGUAS 1EBCCEL~

duiue « las cue haceaos raferencic odrion (og losorce cauo gilzue:
1o Libertud y segurddad inaivicuai.
2o Lndepondeacia del Individuo deatro ce la
co uiited, )
,3,' Lal,:ljucci(m coeiad i ;;:r"\;icipaci(n o alar \
on 1os wsirtos o Lo comicnd.

l’ L \JLL_.\J\

ol vy opar buanddad

. = T~ R 2.,
Yo Mocnpldad Ce lugares Jo recreo, ovivaclo,
-
SLE LT Luienud
- - - - RN .
Je Loucddad (o owccnso o ochwvleles o0hiicos )
- LR} b .
v fueilidades,
. o~ ' - . Lo . ' - - -2 IO _
7 o Livurtad o novid: WO 7 do declcidn derpontl.



1.

II:JJ ruc a5 mnes tecasidodes que podrion ancrozor AUESITA

lista, lo baperionte es hotar qua adenis da ser estas veriladas, son
ST T AT I A T e * i
[ 2

-

lvas ¥ ou validez depande do la SOC.LGC&u.d pardicular a la gue.

203 ostomns reltiricndo an un nomenso daverminads,

s - - e .y

1 acaier que cxisten nocssidddes bisicas del ser Musano
- . . s PRI S ! -~ - - w2 - -

21 cuanto & su h"bz;bacy.én 7 .L‘unc.u.omn' iﬁ;‘o Bioldgico, Social ¥ feond

m CcO nos conduca a or Jizar todas las ideas anterlores en el roc)

nocLaiznto 46 la ox 5. onecla do .,ocz.eclades -o o*w-ue deﬁ una sociedadm

A -
qui vivon en condicionis my por. dcbugo 46 “Los mini o'é est indaids csb
I bleeidos dentro do sus 'provias *cultm*a‘s.* ©ligtas ...OC.L\ q..das se conzg

“

cgon en derriiorios cohoeldos como 2 Zotins" 1Lrg:|.nadas, . T
> .l \ 3 H M:‘UL - ".).., . ' % PR

PRI R

20045 $ls._..G—-.\IA:D Lo < T B R T

e
=

T La." lejvietel mvmada.s, Ciudadc'-‘ Ney .deus, DWLI'"’ as 6 I

"

J-,J.lw SO as u.o._louasnnua.m. 005" huashos quc han i‘éfmd'c') pareonas -daon

iro de les ciwdades 6 on su por er cug’ {,cnoru_'l.«acnué tichen 1 sals
o zmlo wyhbajo-(eusi n.ulo) v uuc 10 ’u:l.un'u). esperanzas o *)0.:4.;3111& de

o~

" mejorer edonaiiica, socisl, & fisicciionte,  Son lis porciomts "waloy”

“..dg-Los coniPos urbanos.e ILas'de sonds que’ ¥iven en’ estus ciﬁd'idcs per
- N 4:‘ [P

didas viven a nivelns niniios de subsisicncia (aprozim:dansnte 1400.C0

o Lghe scctor de la socledad no posee la tlarra

o hablicelion en La. quc viven, a0l cago do la ciudad de i érico, ¢l

2,35 do L.. poblacibn ligtrozolitana viven an las ciudades perdidas, (ojen

oloss Lo colonla Bucnos aires,



70,

.oihaonn owros arvaplos wrbcioes parecidos a Las ciuvdades

)
2]
L
[
3
[$]
1 &)
O
j=i
o

ibziico con condiclones parecidas, auniue Wil DOCC 1EjOrCo,

1) Ias vecindades
2) ‘Las eolonics wolcsarias
3) Las unldades hobitocionales (10)

1) Las vecindades son senaralacnto conshruceionas do wao o dog pisss
loculizadas srincisaliazate en 8l centro de las clududcs naiicoans

(cs_:acio.ll..f"ma la liotrdsoli),  Esbe tipo do avreglo habitacionsl

comorende curarimedaaenie 23% de la Doblac:_on total de l:J. Kaivirg
poli, Las facilidadas/acul son do tipo cozmuw.l. i(Por ajemplo

Colonias Lus Vizeainas, La Caca Slanca),

2) Las colonias nrolntarics son'szonas de veguciios lotas individuslas

doxde sa albarge 335 da la »oblocida do la mebrdooli. Locallsy

raTen
Gog ea la peorifcerls, sin serviclos al hueacs facilicadas de trang

orie, cstas colonias ostin intogradas ¢ sancialuente por ponlacilin

-

joren;  goneralments fommadas por nano de obri seulecalificadc,

Y L] - - fe . PR, =1, - - -
{-joslos son los colonins Lomes de San agusiln, y Cludad ilwbzahucl,

co,0ul) .I

~

Lag unicdades havliccloncles, son edificlos multilaniliares o

)

conhiureon 4a casas swhcacionadas por el Joblarno,  Wota TormEa ol

hihitueidn carrentis ol 65 de la pobluci’a jclropollitanz,

lic/iweo) eono BGH, sedrlones ssiublecer wna relocidun ealre Llog nivelas

P B PRl I N -~ R et cle B
e coraceanioon o log Coferantas SlsLoias Wwinanlos QIias GaSCeliiOs
y



A

Colonias Prolatarias

U.ldadas llabitacionalas

La Tabla

WIVELAS DE ViIDA

71 LA CIUDAD Dis 1L50G0 (13)

© | LOem Dy VDA,

. e

[a)
£

I habla por si nisna, los nlveles comparativos

L.

indican que las-ciundades serdidas prinocr o, 7 las 0010‘11 proleterias

despuls, son los asentar

tos qua sulre

,

¢ (T

n ridveles do vida mas bajos,

In la provineia nexicona a1 m‘o' lcmo. do lag ciudades noxr

-

de la ciuded estd intorreda nor las colonias llamadas opularcse

caracverisoica Tundamental de

vorlos sarvielos piulicos.

astas colo’:nias es la Tolta de wno &

L

Gidas ¢s muy asentuado toubidn, in Guednlojora ~por ejemplo- el 40

-

e

In toda 1:3. ciudad, hey de 160 o 200 mil

sersonss (del 13,33 ol 16,56% ae la ; o'r cibn de Cruo.c;'a_'l.aga:r'a) que

habitan en construccioncs deficilontas, desplomables ea cual-uler mQ

nento.  Sezin un cotudio de la Subdii-ecciéa de fegencracidn del

asamsonilonto. del dstado, st culeuld gue no menos de 40,000 viviendas

g2 oncucnbran ¢én cgta si

tuaeion,



o
ey

Cawo nu.lfmicoy ol pro.lean de las ciudades norpinadas o3

Zrtioade a la nayoric de los weiosas dol Werenr lando,  :Iligica corca

. -

de N20,000 nersonas cn asta situaclda ca Turxkia, 457, 7 218 de las —obnln
2 - - "
. - .- ' - . . - R . - 7 -\ 5 -
cilou s de dngols ¢ Instanbul vivea en cindades pordidas (J). fora la

Ciudad de 1lrnile ¢l sorcentajc en ¢ oo situacida en de 20 o ¢a Vancuusla

de 65 (en zonns ruralas v urhunas) con 35% en Caracas v 50% ea llara-

cuibo, fn Chile, Singapur 7 Jaaica las cifras soa 257, 15 5 124

rasdectivanente.,  Asl podrlamos continuar una impreosioncate casl inde
finitle lista de casos y datos. (12)
SL nroblena twoano g lis zoads mergincdas ao Mueag iono

=a =

wrse e los paises del Yerear 13160,



= ~ " PRSI * .
T, Li IT.OD1iGEON D : ' -
e - e © - e - . . .
. [N D P - N

s atra doi‘in.'ci on, dgl -Gegarrollo. como una perls e
[RTRS NV i - s TR Ly BT, ! R . - [ EE

S & .
d e RN o LG ETuE . N

PSR W
s

camios de dcm.“da. popular para losvar una. nej, o:vmq HTe 5UN0NC

T e

1o redueceidn de la pobroza, dcscmploo y d.‘sn_(_;u_ldo.d s

. '
" -

" gocialess LSt & dcn.m.clon cnfu.u:.zo. el conurol itiiano sobre la
= 2 . e

DU N T M W S SN S RO Y A RS | ‘
I Tdetorés de ¢ambio, Lo :meor‘c:m'bc anorues

Voo, Gk saber crmo pou 108 "‘r e dn Agtag” a.b.;t“wcc_on(.ufcﬁ‘

...(J Pt

acclonds

rdgaiiicass TN pocc.s / pa.lau:e..,, Baqo que ﬁu:l.W vandsia planear
cl CoEinrollo? ™ & Tt e e 0 : - .
( s
bR e TALELD T AT st T e -

Un erit erio bé.s:.co pary cononzor cs el consi rar que

. N R e TR L T SRR LA e P R v

" “lou ‘.1ouc.1.o.. an dc"s.‘::rollo c.oa-.n dg gstar dcnoro c.e.:. COﬂ'GC’""O de
R R S T ;~ Lg{:t ! .’I,. ; S DT

o ~;‘1:(‘.C bores, socJ.J. culuL ‘"J.LS ¥ IOCOnO‘.’IlCOS da_ la uOClOQad an cu»_e

R N Ty :", _:.:." MRS [SSEL e Friteaiel 'v"}:‘,,:‘.h(!‘;‘--:—"m. - .uﬁnﬁ,‘w lw-L» e
tidn, Mmb 01 agios nodolos deben sor .Lcolo" coh.,
' Tx ~ ¢ -...mw;?: ST y J“(‘/‘.m"\b FOREEE ’w_;‘. - b .
. s A" Taat (A

que dcban ("nfaulZEJ. el :S‘éﬁé.zl“]h.‘iii‘“dﬁ’o idn

pmer o wA e r mr - = .
-
v o \ - ',

do’ indusiries intensivas de mano da obra o dp ; ndto

; [ S A . > -y
7 " dos i:cad.:.c:.on.alos“m coriningeié 1"'con olros modernos, re ced cl.:;c da

e uOS u.,a.dos vy Téirdso o Tos citloss nitirales ecolss sicos, Sin

.
g

" embuz 505 hasta aqul’ esbag

)

sy L
» s IS ~ b Sl e VT et . 5 « Ve
N e - v kY4 - L FORR L S Nl e R e o AL B . :
cceddinico, Lo folia la wremilsa funddilohucly Ll dercchio .de sovg
.
SUAE GO '?v;"‘ RSN hw" s . i, e —;‘T'v
raili de 19 deionis 5 S A 5or et shad Bl Foo dé-dess,

N e ' f -

SRRt e B & TU ) B T e
~-"'ol_'l.o que, dc::oan. » mabe BLSRA Yreiish, -
Slicordn s adelento~ ha Gido- iy dificil da fdd o on palses




2o

Lo esuraveglos mare plancar ol desarrollo se axtlenden

inevisablomente mos alld de la nlanezacidn de los contros wrsbanos

g v los cuolas tienca quo ser plansados deatro del contarso
ey que )t

()
!;;

de lus »oliticas del dasarrollo,

Lo raolidad Ge las socicdades murglnadas no st dobe a 1o
Ioculizacidn fisica de la comnidad, al de la falta de servicios, ni
ha

de corgneias urbanas, La verdadera ralz de la merginciizacida se

encucntra en la condicidn social y ccondmica de las porconss que

hobiton las ciudados oeraidag, la falva de su accesinllidad o los
rceoursns, la urancada polresa en gue se encusntran juato con nronla
zas do vivionda, educacidn y salud, Para acubar con las ciudades
nerginadas de’.;éws de glmatearnos agtrateglas do desarrollo xgll'br_-o
de este amplio contexto, es deelr concablr un plan del descrrollo

que roflejon 1o rcalidad, donde se relacionen =onirce si~ los

Tacuores que afecuvan o Lo socledad urbana,

Tara ocer coherconte con la direceldn cue pienso csue Curso
wanard a trovis dol endlisis v los metodologias que leog scrdén exnucs
tus ¢a dlas submseeuenies Dor log profcsoies americanos, ucoré la

) > V

wctadolosla dgl M"enlogque de sistemas™ pora anli leax ria a lo oloaneacidn,

Lis Luport.nle sin emborpgo, adverilr Ge onteanc =y como de mx.w fohyla

o7

lizarozos uo cl Mingurrollo™ as wa problemm tan conslejo, que o
es vosinle siziamatizarlo 4 optilidsarlo. Afn oni, Lo mritodologia,
do oigienas 108 Syudd  =a W &s Gel nmanejo de Lo infoimxcidne & o
sorvar ¢l carmortiardenio do algunos omo""n_s gaso=ailsel.atos e ol

cago da UG taleros wacs u owras dacislonas,



D)
w
.

ELl enfoqua de sistemas (13) nodria definirso cdio la

(N

cons 'uc.Lon de 5 ciapas:

- . , b St - o
l. Definir los objeiivos -del ama,. lo elficicnei
dol sisiema, :
, 2o  Delinir cl u.mb:.nnuo acl S.L.:'L .a., los l:.m.ucs

¢

£15ic0s, Ll

w3, Indicir cuales son los Decursos-del’Sistcma,

- - B PR
R

tividades; y metas.

5o La administracidn Gel sistera, BRI

[ [ e PR, - ' - ~ .-

1 P foe el

-~ <

Anolizaios al’ oroblc.aa c ‘dz:sarrollo urbano desde cl

sunso de viste do sisteaas segfin los puntos indiccdos ‘anterioricnics

L)

O'J"'l"\/ ‘3 '_) L OIOTHI s Acud debaulos delinir primeramente -si

v

naulaz.zos o ouj::'i;ivo" inncdiatos 6 o la.c:o plo.zo. - Por o;;cm b1o,

con.rolexr inmldacioh:?._s podi'ia. SO un on;;o u...vo inma c’la“ao, Jusisry e

was que & 1'~'~"o pl....ao nuﬂ tros ou;;ct..vo.; ao g.dm._n:., tracifn de

v
"

, ,
apues podrion sorsc  colscrveyr el a."‘uo. mara wi 11;.40.:'1& :en’ gang

rer enerigla, inerenantcr 1o 1 oqucclon,“';'l ShL rex’ 165 nivelos
A

da vida,  Uha ves debamids 1'*do el por:’*_'écso de” L lamno- G due plg.

g .
o

izoél*cz;:os vasarinod a log objetivos, " Ml objolivo’ princibel de
i
1a oLl c.c:Lo-1 do un sighoms urbano ns el de nronover -¢l bicansbor



Rt
~

\€3}
~

Ny
[

woclal Ga log habliitcantes do tna renida delnrinada,  Toano?
TS A 4 P M Ta A MR T e P L

Sicn ous —cao s Lndicd cnlerlosmense- anceisanco a fonde
—l')

wlausibilicud do hacer recl wvaa nolitvica de Hlaarecidn
whcaa, cor ejcilo, parileiuinto en la sclucidn o los oo

-

vlamas socialns ¥ econduicos del sector social an csiudio

hul

i FEOICH DT, SISTii., L amblente en la olaacacida <o

3 Rl e Y LY T - - e m Y e - L RE M - - BN e N
slsicrnas whainos 6o desersilila ©00or ana vericdad do laciore

w
eo

socialeg, culuurales, ccondmicos, cice. UL mas Liportiate
quizis as lo lucacia soc ajcreiaa ca ol hofure. La habiiy

cil aoondalontss hwnanos,  La tragedic cus ciiocue @a las cly
dades serdldas es que orivaa al indlvicuo de dlos fundaienios ae

do sepuwided, respeto nor si niduo, y csheranzZa pard Proxeso

Mwiano, il hofir es donde se aoreade =0 N0 5F 40T cnde- 5 asolve-

-

o oa cac ci profunda frusiraci on-, del b .¢r se derilva muchas

b

v in i . P b O
COCIS G GG A0 UC L VAGO,

Sy . - - .- » - .
: Jara cue 1o odaagacldoe cooaa

. - . PRTE P . S e & e A 1 T
alsuoro wwrbunc AaL.da eoher conlova, dla hariicinacliin do los
hoiitonses del plicow oo slancacida os Tundaueabal, iforgh!

) S A mayemq - e —am e
aoaes ose2 tino de ourudicisacicn rosulac Ser Qo CuIaC W@ ¢ oon

nzlisba, Los Sinsicos lidceres ‘coaccadorcs” cue cularen imlQ

a=rlz o 1o pfente Ue ¥ Cano NLCCI las cost.is. Wil 20108850,



e

ol simpla hecho de que los hobltantos del sist ona. slancado,

b = L] At - -

conocan nejor que aadie sus condiclonss, Limiy:nlcs ¥ provicmas

»arsonales, la pardic 1pdci n local ae habitunites debe ser asesu

2 ’

rada, Acl los individuos de una soc’ndaa sentirdn que son

rd

warticives de planeacidn roouwlar ¥y ereardn asi uaa relacidn eatre

ciudadanos, sus lideres, 7 los Tugercs ea 1os que ullOu tendrin

gue vivir,

Asl tabidn, nuede decirse gue los hobliantcs cue

nurticipen en la ploncacidn son los mejorcs gucrdiones de los

astabaiicatos en los que viven, .



70

Golvat, D, 4, T 4 cacs of Anvi = Develoment?!
2 b4 >

i.otivs , Jan, 1970,

Zoerotaric de la Presidenela, Gobizrno

Mumang, Iroplenus TFeoldrdieos ilacionains, :irico,

- - . b KR ol T
N id DOCUINL0 Prewaratovio para 1a Coaforengin

“aaaied ce Ja Pobliocidn, Duelharast, Tunenis 197/, llaclones

U.icas Gincbra, Sulsa,
-t 1 =A

Suereotaria de La Srasideaclia, luid,

saneos Gencrales de Jonlacidn de likrico, Gobisrao da llflico,

arreola, G, Log Civdad-g Perdidss. Fondo de Culiura iconbuica,

Junio 1974, .lixico,

TT
v

£

s - A e
~d, Bl., Hunan Setblanceatss Crisis and Oomorianity,

United Lations, Ottava, Conado, Jamuay 1974,

.. - . sl PR . s
tlgosachusscivs <nsoitune of Trcrolorr, Urioan Tweiliag




5

K]
b

dbraivis, G, lon's Gimurrle Fom shelier

Jordde  The M,I.T, Press » Mareh 1970,

Churehman, C, W,, The Sysionms avoroach,

v Yorl: 1968,

& Delia Bool,



~

/
I

centro de educacién continua N

facultad de ingenieria, unam

PLANEACION DE SISTEMAS AMBIENTALES URBANOS.

PEACE CORP PROGRAM,

DR. UBALDO BONILﬁA

Tacuba 5, primer piso. México 1, D.F.
Telédfonas: 821.20.05 v E1.2.97.08

_/l o



o | TABLE OF CONTENTS

CHAPTER ' PAGE
1. OVERVIEW )

1.1 Historic Overview

1.2 dJrban Systems

1.3 Urbanization

1.4 Growth and Development . ,

1.5 Quality of Life

1.6 Developed and Developing Nations

1.7 Dangers in Future

1.8 Objectives of the Course

URBAN SYSTEMS AND THEIR PROBLEMS

Urban Environmental Pro lems _ -~ -»

Urban Growth and Services

Social and Economic Disparities

Metropolitan Interdependence C
Governmental Obstacles

Gruwthh Frocesses

Excerpts of "Urban Problems"

NN RN
Navn W

URBAN PATTERNS OF LIVING

3.1 The Developmental Society

3.2 Population

3.3 Elements of Standard of Liv1ng

3.4 Migrants - ;- \ P o g

3.5 Special ProbLems of Megalooolls

3.6 Industrialization and Its Impact on Urban Env1ronment

SYSTEMS APPROACH AND PLANNINKG . x o

Systems
Basic Philosophies about Systems Approach
The Systems Approach )
Model and Modeling
Operations Research
Time
Planning
Program of Planning
Symbiosis ‘
0 Urban Economics |

Ea R S S TR S SR S o)
H WO WA SWN



CHAPTER PAGE

5‘

7.

GOALS, ALTERNATIVES, STRATEGIES AND DATA

.1 General - Goals

2 Classification of Data

3 Type of Measurement \
4 Substantive Area - Environmental

5 Substantive Area - Physical Data

6 Substantive Area - Economic Data

7 Substantive Area - Demographic Data

8 Others

9 Concepts of Inadequate Data

1

0 Modelling Management and Scheme

5
5
5
5
5
5
5
5.
5.
5.
MODELING AND MODELING

Type of Models .
Model Format or Characterization
Model Elements
The Uses of Models
Applications of Modelling
Model Sensitivity
Abuses of Large Scale Models
Model Solutions
0 Cross-Correlation Analysis

[« )N« 3o\ NN e ) N o e ) W6\ BN« ) W 0 )
= 00OV PN

QUALITY OF THE ENVIRONMENT

Environmental Problem Areas

Problems in Achieving Solutioms

External Effects of Change on Environmental Problems
Tndicators of Water Pollution

Indicators of Air Polluticn

Indicators in the Use of Chemicals as Pesticides
Indicators of Cost in Urban Development

Indicators of Rural Development

Trade Offs

0 Environmental Impact Statements

SN N N N N N
L I
WO PN

POPULATION MODEL

8.1 Methods of Population Projections
8.2 Basic Assumptions

8.3 Migration

8.4 Emplovment and Income Forecasts
8.5 The Model



i

CLIIAPTER e, T R ¥

9 FORhCASLI’\‘G AND" TECHNOLOGICAL FOREGASTING = = - - L
- . - e e . .
o ',(.19‘1.:11”\”Fo*'ecasting 0y, AT ) T ’ T
B o ~-G,<.-racteglst1cs of Forecasts_l, e o o
N9.3 Compoqencs of . Forecast// 1 ; T
- 9—.4‘>-W~Type ofi~Forecasts. - ... e a
<Nt gsdn ’AoproacheSoto Forecasting ,// R e T e
9167 Techiiiques  of Forecasting 7 11’1 e o
- 9.7 _Abuses of Forecasts; ’ .
G.8 Methodologles for Forecast:mg T e R
.-9.9.. _Forecasting Models - = | )
.10 TForecasting of Technologi¢al” ‘Change - o S
9.1k —Forecasting.the. Rate_and D:L*'ectlon of Diffus:mn o; Technology
9.12 'The Specification of Diffusioms - - T T
e 94130 Astitudes toward Forecastlng ‘
T TGS CTDETIMICions T T 0 et e e e o, i
i 9a13c. Testing, of Models and I‘orecasts_k e ins At
f‘l_ . 9.16. x'on:ecast:s ) R T LRI
1olv THE DEMARD FODEL "~~~ "7 - ¢ e e
) ‘_' [ 1041 iddel Concept ' . - T s T T

{11002 CTCOdIAETTTTTTT T e e e L
R N RS L U D
1
3

R g > nu\u..u\.aéz.s R o X . ‘ = ; '
S 10 4 quadvantages , - } N T
- :'w-’“lowsmnata“mles TR e e e L e
o106 Inpue P o
_g i 10~ 7 Output . ; ‘ T T o
:all.:: iWATER, SUPPLY,.
B TreTm T e e s - -
"““T*‘""‘ll‘”l“—hater Cycle~ ‘Znd Its- Characterlstic ; ;
”‘“““ll‘)"2 ater Quallty IR T eyt e s e ! -
#2011, 3HrDemands for Alater Sup ply T .
o ““}__'_l.&a___’l‘reatm’lt of Water T '
, 1115, Control of Microorganisms. | , N

: ”13.:.6 Cause'é of Tastes and Odors : ' B .
LRSS W o de..hods**to ~Remove -or Reuuce Objectlonal Tastes and Odors

A ﬂd.ll'.SiJlieLte‘r Seftening” ~ 7 i
119 Emergency Disinfection of Small Volum‘.s of Water - -

'1’. 10 Vater Network Model
Ty s P -ll——Bau;c-Cons:.derat ions..
l;.12 Xvater Model Cost Functions )
lu.a.g Cost Equations B '
11714 F16w Network -of Total Costs



CHAPTER PAGE

12.

[
w

-
[a)]

WASTEWATER TREATMENT AND DISPOSAL

12,1 Tyvpes of Wastewater

12.2 Tvpes of Collection Systems

12.3 Saxall Water Borne Sewage Disposal Systems
12.4 Small Sewage Disposal Systems for Tight Soils
12.5 Small Treatment Plant

12.6 General Treatment

12.7 1drge Sewage Treatment Plants

12.8 Sewer Network Model

SOLID WASTE

13.1 Solid Waste Sub-model

13.2 Sources of Solid Wastes ‘
13.3 Types of Solid Wastes

13.4 Amounts of Solid Wastes

13.5 Solid Waste Disposal

13.0 Solid Waste Systems

13.7 -Effectivenass Measures for Solid Waste Management Systems
13.8 Costs of Solid Waste Management Systems

13.9 Equipment Requirements

AIR POLLUTION PREDICTION MODEL
14.1 Objective

14.2 Constraints

14.3 Background Information
14,4 TLepislative Development
i4.5 Technical Background
4.6 Data Gathering

14.7 " Modeling

4.8 Model Development

14.9 Vvalidation

14,10 Model Limitations

TRANSPORTATION MCDEL

15.1 Introduction

15.2 The Network Systems Transportation Sub-Model
15.3 The Total Transportation Planning Process

ATIRPORT MODEL

16.1 Objective
16.2 Verification and Classification of Airports



CHAPTER fo, LAy

Determinants of Airport Tacilities
Aviation Development Model

B e I

o Oy O O
.

(o2 RNV I S VS

LA
Testing the Model e e
. Schedule of Projected Airport Investmenxtsr for, gklahoma
n'"f':\l "‘rll’t.ill
17. THE HOUSING MODEL ] wr m o ~ v
tesrd i o diusD L IDG
ERE /20 x:tln‘ﬂ:-}'x\g}l??}. Noyzzv ic a2bnssuodl Io abasbnod soi
17.2 Description of the Model
sge abded r3§,9p-g\odg1f\Assumption 12T Lajud q0 esves al ,ernoauiiiiac

}8 . JHE; DRAINAGE, MODEL, ;555 cagni 3¢ ebstbnud doiw 2908111V bsIniry

: <

iime +8s3 o Infroduction Yeag zniberl 2s bepoizonul yedl .esitis 33021
1872 "Model Descriptlo ’

eal 18x3) ,y?l}fliavt}gnrwbms: yiizueo ,ofigqosg 000,02 galibovnra wevun

PAGE



Chapter 1

OVERVIEW

1.1 Historic Overview

1.11 Growth of Cities:

For hundreds of thousands of years man lived in small, temporary
settlements, in caves or huts. Then, some 8,000 to 10,000 years ago, he
created villages witihh hundreds of inhabitants and somewhat later, his
first cities, they functioned as trading posts, etc. They were small,
never exceeding 50,000 people, usually remaining below 20,000. hey were
limited in space, usually surrounded by walls. They were small, static
nuclei of man's urbanized life surrounded by vast expanses of open
countryside. Until seventeenth century, only the capitals of the great

empires such as Rome and Coanstantinopocle grew beyond this description,
not to exceed 1 million people and they either shrank back to smaller
sizes as Rome or Constantinopole did or died completely as Changan (China)

when their empires were dissolved.

1.111 Historical Developument of Industrialization
a) agricultural revolution; villages; a central
management place; organization
b) development of commerce, government, service
c¢) industrial revolution and mass production;
transportation; standard of living

d) mass consumption
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e) information

/o a .. ,¥Identify phenomena of '"specialization of class

[

- 4u; « Structure' occurring in world today.

Tl

1 112 Whaé is your deflnltlon of E c1ty?kf-v -

’
<

\ »'a) ;cultural unit st . e Ewr iy
¢ Fipt. 3 oL st .- . . . L . .
b) rellglous ‘unit R G
¢) political unit A
d) other - . )
o Y ;“r :‘»‘: . -
1.12 Growth of Urbanization: C Sk

A - . . . ) RO .. .
With the’ advent of scientific; technological, social and
SR R B

1ndustrlal revolutlons, the c1t1es began to grow’ continuously;" from static

1 .
iax;.:nc.-\" oL i

tney became dynamlc and'soon reached and exceeded a populatlon B mllllons.

- s

Tokyo and London had 1 million inhabitants and today‘LbhdéH} New ‘York

and Tokyo have passed the 10 million mark. Many other.cities are .

R Fa— PP,

' beginning to be interconnected in broader systems of the tens of

~

millions. From ,small cit , man moved to the 'dynamic city, to the
S . '~y LS L y' P y

dynamic metropolis and today moves on to the megalopolis.

y

There are now 13 megalopolises around the world (Fig. 2) as a

recent study (1) has demonstrated, and many more will emerge. As a
matter of fact, we are heading toward the merging together of megalopolises
into broader systems; toward the emergence of long strips of developed

land which will be interconnected into a huge network; rand thus toward
the creation of a universal system of human settlements which will cover

the whole earth. This is the next stage of-the historicel process:

The creation of the Universal City or Ecumenopolis (Fig. 3).



1.2 Urban Svstems (and their environment)

1.21 The Human Community:

The human community is the basic unit with which a city is
built. The whole idea of the human cell is based on human experience
which is the result of long experimentation. On the basis of this,
human communities are created that can serve all man's purposes within
a limited unit and can guarantee the human function and the human scale

of the environment.

1.22 The Urban Systems:

Human communities are only the cells of the urban systems.
Urban systems developed to provide man with a satisfying habitat.
Urbanization is a complex process that has evolved, with industrial
development, into a physical pattern necessary for the functioning of

human communities. ;

1.3 Urbanization

1.31 Functions:
1. Production - distribution - consumption
2. Socialization
3. Social control
4. Social participation

5. Mutual support

1.32 Paramcters:
1. People
2. Food

3. Energy



4. Water

5. Economic opportunity

6. Education

7.- Transportation and cg@gynigation L
8. Climate o

9. Govermment (how people organize themselves)

10, Security

1.33 Problem areas:

1. Services

2. Population growth

3. Changing needs, o

4, ‘ngqilg}qghthekgxgéx:Hypgniqgncetau .

5. Inequities of social and economic segregation

6. Edgalipppprtgnity fqrﬁg}}“;qlgﬁ§f€;}ﬂ;§§g benefits of .
urban life '

7. Diseconomy of scale’

1.4 Growth and Develophent

Although economic growth is an ultimate objective-in development,

the essence of development process is human development.

1.41 Social Development:

1.411 FEducation
1.412 Health
1.413 Welfare

1.414 Public Utilities



1.415 Security |
1.416 Education

1.417 Recreation

1.42 Growth (stages) (4):

1.421 Tradiational society
1.422 Pre-conditions

1.423 Take-off

1.424 The drive to maturity

1.425 High mass consumption

1.5 Quality of Life

A measure of one's success in the pursuit of happiness-success in
the progressive satisfaction of a continuum of needs.
1.51 Life Style
Materialistic measure of a civilization's progress

1.52 Standard of Living
An aggregate of life style

1.53 Hierarchy of Needs (2), (3)

(1) Air
(2) Water
(3) Food Physiological

(4) Shelter

(5) Health

(6) Safety-security

(7) Belongingness, love Cultural
(8) Esteem

(9) Self actualization



1.6 Developed and Developing Nations

1.61 Developed- nations: have as one distinguishing feature their

creative technology andsocietal acceptance of transfers.

~ -t

1.62 The developing nations on the other hand, have not historically
undergone much of the transfer as yet; and have attempted to identify

essentially }n‘isolation with the latest technology. -

1.63 Ranking based on qualitative and quantitative indicators of

human resource development.

N

1.7 Dangers in Future

1.71 The-daﬁger'for nature and-the ecological -balance with man.

1.f2 The danger for man because o%'the diéappeérance of the human

scale: Variety, dehumanization, homogenaity.

1.73 The danger. for. man because of the disappearance of local

cultures under the pressure of universal forces.

1.8 Objectives of the Course

1.81. Urban Systems and Problems - Aggregate Systems

- 1.811 Systems Approach

1.812 Models - An.abstract presentation. A symbolic

representation of a real life situation.
1.82 Methodologies and Techniques

1.83 Future



1.84 Data Needs - Averages

1.85 Plan of conscious actions and alternatives
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Fizure 2 The thirteen megalopolises in the world today. (1) Japanese, (2) Rhine, (3) Eastern (U S.AL), (4) English, (5) Great Lakes
(US A, (6) Shanghai-Naunking, (7) Pelhing-Tientsin, (8) Shenyung-Dairen, (V) Los Angeles-San Dicego, (10) Cairo-Alexundria, (11)
Hong Kong-Canton, (1) Djukarta-Bandoeng, and (13) Milan-Tutin. The nwnbers that are not circled (from 9 through 13) indicate
pre-megulopolises, that is, they bave populations of 3 to 10 million.
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Chapter 2

URBAN SYSTEMS AND THEIR PROBLEMS

The urban area is depicted as a wide-open economy, heavily dependent on
external trade. The larger the urban area, the more it resembles the nation
as a whole and the more predictable it is in both growth rate and growth
stability. It is a living, self-controlling system that regulates its own
flows of people to and from thé outside environment.

An urban system consists of a non-static or dynamic area and related
outside world. It assumes that the technology, the living standards, and the
nature of economic activity in the area change to keep pace with the outside

along with all the problems inherent in such a system,

2.1 Urban Environmental Problems

Urban regions are subject to unprecedented stresses and problems. All
human history'is a long record of man's struggle against hunger, disease, war
and ignorance. What is new and menacingly urgent are today's expanded dimensions
and accelerating frequencies.

Below are listed the areas of problems:

(1) Urban growth and services,

(2) Social and economic disparities,

(3) Metropolitan interdependence,

(4) Governmental obstacles.



2.2 Urban Growth and Secrvices

2.21 Urban growth is a complex process requiring a wide variety of
public and private resources.

2 22 .. Future growth v1rtua11y restricted to urban areas,

o -

2,23 Concentration of economic act1v1ty and pOpulatlon.

. N SR et P
75 ey e oA LTSRN i/ R AT N AR

2, 24 “Need for urban 1and tends to grow at a faster rate than the

i e RN Ml e moE T e
p0pulat10n increase. In the Unlted States, urbanlzed land will

. ra
S nE

/ grow from 2 400 square m11e in 1960 to 5 200 square mlles in 1985.

5 T

(1) H1ghways and other tranSportatlon channels “

LT SRR 5 NN AL T

—(i)Achhools, h0uses, shopping centers, parks

7(35 Hospltals, offlces - L ~Am<~(;“r \;“ ) -
(&) Wé}éf]sgpgii{Mlﬁl1iéié£;’i§cé1ji$aé;f -
2,25 Deﬁendencejquurhan;grhwth uRonibr;yatersubniy°of;facilities and
| services. - o
NPT

, . (1) _Public supply limited ., ... - S

(2) ﬁPrlvate supply proflt orie nted

ot P LSRN AN
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(3) Need for control and planning.

2.3 Social and Edofomic Disparities

- e A N P . . . -
. 2,31 Racial ‘and economic segregation; severe consequences for disadvan-
. A

- B e
RTINS e LR R T T

tages groups.
2,32 'Migfétisnsﬂféoﬁ”}ﬁ}éi‘aéé;s to urban areas ‘
Migratinnﬂfréﬁsolﬁ eentralvéitiesﬁto the suburbs
2,33 Cultural isolation
(1) Low income families
(2) Broken families
(3) Elderly, uncmployed

(4) Negroes



2.34 Local tax structure
(1) Local revenues
(2) Local spending
2.35 Failures of urban remewal
(1) Failures of relocations
(2) Failures of highway construction
2.36 Opposition to renewal and rebuilding
(1) Mistrust
= (2) Discontent

(3) Shortage of housing, services

2.4 Metropolitan Interdependence

2.41 Failure of government institutions to come to grips with the
growing interdependence of people and communities within metropo-
litan areas.

2.42 Search for housing and employment within a region circumscribed
more by the coanvenience than by local government boundaries.

2.43 According to U. S. Bureau of the Budget and U. S. Bureau of Census,
the general concept of a metropolitan area is one of an integrated
economic and’ social unit with a recognized large population nucleus.
2.431 SMSA's ~ Standard Metropolitan Statistical Areas
, At least one city of 50,000 inhabitants or more or twin cities

with a combined population of at least 50,000.
2.432 '"Spillovers" - the effects of local action (or inaction)

that spread into other communities.
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2.4321 The prevalence of §pilldvers cofistifités 4 Strong case

R R B . Coe / .
for cooperation
e N S [ S ' > . . .
2.4322 Joint planning by local governments
(1) Water supply )
gty LU0 e T TG iy deoom Wl s
(2) Sewage disposal
o Lokl [ v [ A o v Lol . o . ‘_
(3) Transportation
(4) Highways -
T :V‘—Vg._. L oo L R R ‘s R S P Ve .
{(5) Mass transit
T R e L . R
2.5 «Govermnmental Obstacles « . L
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v o 2051 Local, governments- . P . . . . oo
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; v 2.5Ll, Small.area.of jurisdiction =-.inadequate for administration

45 o .4 20512 Small funds.and resources .- |, .- 1o <. .
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- , 2.514 Compounded difficulties of jcoordination - .
2,52 Federal'system..- - . . . . . 2o - L
..o« 4+ - :.2:521 Federal-aid programs,. .. . - =

fuaan L, 24522 C;pigs,bave,found;a‘more,éyﬂpéphe;ig hearing .in Washington
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2.6 Growth Processes
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2.61 Growth phase
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2.62 Equilibrium
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2.63 Decay, aging, stagnation .
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2.7 Excerots of "Urban Problems"

« + o the cause of America is the cause of mankind. Now, throughout
the world, the cause of all mankind is increasingly to find the good life
in an urbanized environment.

. « . a long agenda of problems that can be solved only by public actiom.
The agenda includes providing public dnvestments and services to keep pace with
population growth and changing needs rebuilding the older urban centers, eli-
minating the inequities of social and economic segregation, and offering equal
opportunities for all to share in the benefits of urban life.

Thus social critics, noting the contrast between splendid new surburban
homes, an abundance of high-powered cars, and recurrent crises in such areas
of public responsibility as education and water supply, concluded that there

N

is a striking imbalance in national priorities. Galbraith, in The Affluent

jocicty, attributes this curious urban blend cof priwvate splender and public

[.

squalor to a national folklore that assigns-high value to private production,
with a corresponding neglect of important public investments.

The great majority of people and economic activities in the United
States are now concentrated in over 200 metropolitan areas, and virtually all
future growth is expected to take place within these areas. 1Inside metropolitan
areas, however, growth does not take a concentrated form but tends to spread
well beyond the established cities into fringe territory. By now, more than
half the metropolitan population lives outside the central cities.

By 1975, we will need over 2 million new homes a year. We will need
schools for 10 million additional children, weclfare and health facilities for

5 million more people over the age of 60, transportation facilities for the



daily mqyeﬁent‘of ZQohnlllion beOPle, and more than 80 nillion automobile%.

! ! |
In 1ess-than 4Q‘years, urban pOpulation will double, city land will aouble,
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rebulld the entlre urban Unlted States.
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-The need for urban.land tends to grow at.a faster jrate than populatlon

T N
¢ - -Lt J,"—\c, "’ -

- s

1ncrease._ There is ;o shortage of .land in the Unlted States. Problems arlse
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1n maklng,thls land sultable for urban‘luyhng. Highways, schools, water supply\
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In New York, the necessary public service investments alone will cost an
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estlmated $l6 800 for each nev, household . Thus one of the major shortcomlngs
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faulty septic tanks, most new residents of the suburbs enjoy good living

condltlons. . - ; .
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3. As a result of thlS comblnatlon of forces,‘low income famllles brgken
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ﬁamllles, the elderly, the ,unemployed, and'Negroes,are\concentratedbin&the .
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central c1tles of most large metrOpolltan areas. People in.the central c1t1es
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need many kinds of government services: welfare, education, health, police, and

fire portection. JYet the .tax .resources of these cities are limited by the
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ver& nature-qﬁithelr population.

Educating sln@_childrenkls far more»difficult than educatlng;middle-class
children;_yet many, schools in wealthy suburbs spend $l,000 per pnP}l annually
and provide a staff of 70 professionals per 1,000 students, while slum schools

are likely to spend only half as much, and to provide 40 or fewer professionals

per 1,000 pupils;



People look for housing and employment within a broad region circumscribed
more by the convenience of commuring and by personal preferences than by local
government boundaries. . . . concept of a metropolitan area is one of am
integrated economic and social unit with a recognized large population nucleus.

Fragmentation of this kind may appear to bring government ''closer to the
people', but it compounds the difficulties of achieving coordination within
metropolitan areas. Activities of all three levels of government now functiom
in close juxtaposition, subject to an extremely complicated web of federal,
state, and local laws, and administrative regulations. TFor a number of reasous,
the cities have found a more sympathetic hearing in Washifigton than in the

tate capital |

The 1960 Census of Population found nearly two-thirds of the entire popula-
tion of the United States living in metropolitan reas - 112.9 million persons
cf the naticawidce total of 179.3 millicn. The 212 aress reccgnized as metropoli-
tan in 1960 accounted for 84 percent of all the increase im the Nation's popula-
tion during the 1950-60 decade. For these areas, the growth was 23.6 million
persons, or 26 pefcent, while the population of the remainder of the country
rose only from 62 to 66.4 million, an incr ase of 7 percent. Similarly, during
the previous decade, 1940-50, these 212 areas had accounted for nearly 80
percent of the total population growth of the United States., In the past
two decades accordingly, the 212 areas now recognized as metropolitan have
increased 55 percent in population, from 72,8 to 112.9 million persons, while
the population of the rest of the United States has grown only 11 percent, from

59.3 to 66.4 million persons. . . .58 milliom out of 112.9 million lived

within the central cities in 1960,



Economlc resources .are highly concentrated in the metr0p011tan areas of
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the Unlted States -- even dlsprOportxonately concentrated relative to. the
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metrOpolltan share of national populatlon. 63 percent of the peOple were
N (1\ s . MU { . .

11v1n0 in metropolltan areas, these areas accounted for 78 6 percent of all
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bank dep051ts in the United States. And 1n 1958, metropolltan areas accounted
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for ‘more than 3/4 (76 8 percent) of ‘the value added by’ manufacture contained

\\_4..,‘w c .‘| \ 1

67 2 percent of the country s manufacturlng establlshments, accounted for
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73. 8 percent of the total number of industrial employees, and 78.5 percent of

all manufacturlng payrolls.
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I R A ‘' Percent’' of taxable
) ] assessed valuations
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Class of real prOperty Within,i' o OutSlde
. L e - . ,.SMSA's . ., . ... SMSA's
Residential -, . - .- 63.% . . . . L 42,9
Acreage and farms . 3.5 32.8
Commercial and 1ndustr1a1 29.7 . ) 18.6
Other;  ~ ~. . TS5 L7 3.1 A
TOTAL -~ 100.0 ‘" 100.0
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““Race,‘age moblllty status, famlly comp051t10n “education, occupation,
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employment status, famlly 1ncome hou31ng characterlstlcs and”commﬁting

patterns. . flargely determine*how he lives, e
- , , s . . - - . {

_ ...The strongest conclusion .to be drawn.from .the analysis is that very few
meaningful generalizations about economic, social, and racial disparities’

can be applied to all metropolitan areas.



The classic dichotomy of the poor, underprivileged, nonwhite central
city contrasted with the comfortable white suburb does not hold true through-
out the”country. While racial disparities are large everywhere, the other
elements of the dichotomy =-- education, income, employment, and housing =--
fit the stereotype consistently only in the large metropolitan areas and
those located in the Northeast. 1In areas of the South and West, poverty,
especially among nonwhites, is more typical of the suburbs than the central
city.

On the whole, cities and suburbs show little difference in the proportion
of their adult populations with less than four years of high school -- an
inadequate education by today's standards -- or in their high school dropouts
rates. Under-education of youth and adults is an equally serious problem

in both urban and suburban segments of most metropolitan areas.

Local Government Revenue, 1962

Within SMSA's Qutside SMSA's United States

per per per
capita % capita % capita %
amount amount amount

Total General Revenue $223,78 100.0 §$175.06 100.0 $206.36 100.0

Property taxes 111.78 50.0 76.30 43.6 99.09 48.0
Other local taxes 18.41 8.2 5.74 3.3 13.88 6.7
State aids 55.35 24,7 64.29 36.7 58.54 28.4
Other general revenues 38.24 17.1 28.73 16.4 34.85 16.9




Local Government Expenditure, 1962

Within -~ Outside United

'SMSA's - SMSA's States

T - Totdl™ T $267.057 .°$199.68  $242.96'
“Education B . 97.29.  -95.29 96.57
. Highways- " - .-~ L DR : 18.46 - -.22.85 -+ ° .20,03-
Public Welfare : C 16,13 9.78 13.86
. Police Protection © .« . T 12.59 .- . 5.28. 9.98-
' Fire Protection ‘ 7.79 2.91 “6.05
Sewerage ~ -7 - . . o '8.44 ., 3.98. - .6.85: ...
.Housing and Urban Renewal 8.69 1.61 6.16

Parks and Recreation. " ". .. . 6:43 1.77 v 4,77

s
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, Most of the pedple and wealth of the country are now found in metropolitan

- areas, and. virtually all future growth is expecfed_to*take'plaée in metro-
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Fifteen different functions account for more than 85 percent odeifect

general expenditures. by local governmencs in the ‘United States: education,

police and fi e protection, tréhépoftétioﬁ;’wdtgr supply. and sewage "disposal,

)
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provision for disposing of 1liquid wastes.

- '. I . I3 '3 ‘T, 4y
welfare, hospitals, and medical care facilities, housing, urban renewal,

libraries, parks and recreation, planning, health, refuse collectiod “and

disposal, and air pollution control.” B
"It 'is well within the technical and economic capacity .of our ﬁ%troﬁé;
litan areas to develop depéndable sources of pure water and to make reasonable

>

" The governmental jurisdiction responsible for providing any sérvice -

" should be large enough for the benefits from that service to be received

i

P » - R . . { v,
primarily by its own population. Neither the benefits from the service nor
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the social costs of failing to provide it sould "spill over" into other
jurisdictions,

The unit of government should be large enough to permit realization of
the economies of scale, For example, it costs $58 per million gallons to
provide primary sewage treatment in a million-gallon capacity facility, but
less than half this amount in a 10-million gallon capacity faciiity.

The unit of government carrying on a function should have a geographic
area of jurisdiction adequate for effective performance, as illustrated
by the desirability of a sewage disposal system's conforming to a natural
drainage basin, ‘

The unit of government should have the legal and administrative ability
to perform services assigned to it.

Every unit of government should be responsible for a sufficient number
of functions so that its governing processes invoive a iesolution ol couflicting
interests and a balancing of governmental needs and resources.

The performance of public functions should remain subject to public
control,

Functions should be assigned to a level of government that provides
opportunities for active citizen participation and still permits adequate
performance,

Local governments have prime responsibility for municipal water supply
and waste disposal, The states activities focus on‘allocation, regulation,
and facilitation of local activity. 1In addition some states recently have
been giving attention to overall water resources planning and the development

of water projects which are beyond the capabiiities of the local units.



The Federal Government has been responSible for most multipurpose river
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ba in developments. rederal agencies also loom large in naVigation, flood
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control, irrigation sewage treatment assistance, pollution control and more
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recently, in water use for recreational purposes.
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Government at all levels regardless of the particular role of an
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indiVidual agency, is faced With the constant problem of balanCing and -
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ad;usting the claims of various interests -- urban, industrial naVigation,
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flood control conservation, and recreation ~-= in the allocation, regulation,
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and: development of a'scarce resource.
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Most’ of these conflicts are not merely the result of inadequate
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conmunications or a failure to plan. In most areas where such conflicts
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arise, there are not suffiCient quantities of. water at comparable prices and
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quality to suffiCient quantities of water at comparable prices and quality
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to supply ail useis.j The stakes or the contestunts i terms of protcctinﬂ
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investments and inSuring future development are_ tremendous.e Competition
Igu

for the use of existing supplies of water will always, exist;. it is not likely
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to be eliminated through indefinite expanSion of supply or through the per-
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Often there is a facile assumption that if planning were intenSified
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the structure of dec1s1onmaking overhauled and intergovernmental responsibi-
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lities more carefully specified, consensus and'solutions would follow with
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ease. Such hOpes are usually unfounded Only*rarely will a plan or policy
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for water use appeal to all parties. To the contestants in water politics,
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each level of government is a different arena, with varying advantages and
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disadvantages for different partiCipants and the resolution of differing
i

issues.



If governments are to provide needed services, however, they must be
able to cope with conflict, mediate between different interest groups, and
reach acceptable compromises as a basis for action.

The total quantity of water available in the United States is constant.
For centuries, 30 inches of annual rainfall have been producing an average
of 4,300 billion gallons of water per day. Approximately 14 percent of this
water, about 600 billion gallons per day from both surface and ground sources,
is usuable. ’

In 1900 less than 8 percent of the 600 billion gallons per day was[needed
for all water uses. Today's requirements exceed 300 billion gallons per day.
Less than 10 percent of this water is used in urban areas. Municipal water
use averages about 147 gallons per capita per day. Of this, 41 percent is
attributable to domestic use, 18 percent to commercial use, 24 percent to
industrial use, and 17 pnercent to public use, Before the end of the century,
it is estimated that daily consumption for all purposes will exceed the usable
supply.

Most of the 'water used in urban areas serves as a solvent, cleanser,
or coolant. Pending such technological developments as economical desalini-
zation which would increase greatly the total quantity of usable water, most
of the projected increase in water requirements will be met through reuse.

To be suitable for reuse, water must be of adequate quality. While
urban uses have a relatively minor effect on the quantity of water, they
seriously reduce wate; quality. Thus water supply and sewage disposal,
which developed as separate functions of local government and still are
administered separately in most communities, are in effect two phases of the

single function of water resource management,



In cities with a population of over 25,000, 20 percent reported deficien=
cies in water main capacity, 33 percent insufficient pumping capacity, 40
percent inadequate capacity, 43 percent too little elevated storage, and 29
percent lacked sufficient ground storage.
Sewage treatment works and interceptor serves to overcome the 1955 backlog
would cost in excess of $1.9 billion. It is forecasted that during 1955-65
: i
replacement of obsolete sewage treatment acilities would involve another
$1.7 billion, and treatment works to meet population increases could be
expected to_;equire an additional investment of approximately $1.7 billion.
5,290 communities had inadequate sewage treatment facilities. Over 90
percent of the deficiences reported were in communities of less than 10,000.
Metropolitan water and sewage services are often handled by a series of
small, separate governmental units and private companies. Small municipalities
and sewer districts often fail to process wastes at all, or creat them ovaly

n

inadequately. The suburbs are the critical aspect of the metropolitan water
problem.

The many approaches to governmental reorganization will be taken up
in a sequence that moves generally from smaller to larger structural modifi-
cations: use of extraterritorial powers, intergovernmental agreements, volun=-
tary metropolitan councils, the urban county, transfer of functions to State
governments, metropolitan special districts, city-county separation, city-
county consolidation, and federation.

National policies for urban water supply and pollution control must
change to meet the impact of population growth, increased per capita con=-
sumption, and industrial use. A comprehensive and well-understood national goal

for urban water supply and sewage disposal is needed, within whiich gaps in

programs can be filled and individual activities coordinated. A national



policy should be established by the President and the Congress covering the
mrovision of adequate water supply and pollution control in a broad framework of
promotiﬁé sound development of the Nation's urban areas, including assistance
to State and local governments to accomplish this purpose.

An important responsibility . . . is to develop the comprehensive
river basin policies that will give full consideration to urban needs. The
Federal Govermment should insure that water resource planning and development
by each of its water agencies, and on each river basin in which the Fedefal
Government has an immediate interest, take into account the needs of urban
areas as well as the needs of agriculture, power production, industry, recrea-
tion, fish and wildlife.

The Water Resources Planning Act of 1965 establishes a Federal Water
Resources Council and provides a procedure for establishing river basin commis-
sions to develop plans on a comprehensive and coordinated basis for the optimum
use of water and related land resources, The Council is to review plans with
special regard to the effect '"on the achievement of other programs for the
development of agriculture, urban, energy, industrial, recreational, fish

and wildlife, and other resources of the entire nation",



Chapter 3
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- URBAN PATTERNS OF LIVING . T SR N S

3. l The Developmental Soc1ety e
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(1) Once a society begins the long and hard, road to better conditions
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of living, it only gradually discovers that it is also trying to
escape the limitations of its own culture and traditiom.

(ii) The process ofllooking beyond one's boundaries for answers to
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problems that the soc1ety has not before encountered becomes qulte

common as development'accelerates.u Gradually there evolves in the
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society a new element that’ gains its prestige from\introduc1ng and
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“reducing'to practice the useful 1deas and 1nformat10n originating[
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outside.

(iii) The carriers and 1nterpreters of world CUiture are the doctors

"

and dentists, the engineers, the top administrators, the educators,

the enterprisers and many, of the techn1c1ans.A Itnis,readily under-
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stood why such men will tend to become attached almost as much to
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the world at large as.to. their own people and their own culture.

s et

3.2 Population:

. - T
(1) Need for social control over populztion increase
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" “(2) " Annual rate of overall increase is 0.8 to 1.0%
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"(3) The maximum capacity of the planet earth by one estimate is
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50 billion'peopie'and“107”cair/petson/‘year:
4) Factors inhibiting population control

(5) Atomic bomb toxic substances



(i) Religion
(ii) Nationalism

(iii) Tribalism

(5) Methods to control population

(i) Abortion

(ii) Birth control

(iii) Contraception

3.3 Elements of Standard uf Living:

3.4

(1
(2)
(3)
(4)

Activity: arrangements for working time and leisure
Family: size, age structure, interrelations
s

Consumption: maintenance of social status and efficiency

Saving: security and deferred consumption

Migrants:

(1

(2)

(3)
4)

mass

Abrupt change in environment;
misery, confusion, hostility
Sh;ck;
cultural, trade, living conditions
Ghettos
Urban villages;
i
The answer to the assortment of human problems associated with

urbanization is to decant the waves of migrants from the rural

hinterland into communities called "urban villages."
g



3.5

Special Problems of Megalopolis:

*

.(2) Perishable foodstuff

1
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"(l),k;pp:neymtq»wogkgficopgestion,»timg consumning, etc.
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k4) Disposal of wastes § | e
~“‘(5) ‘Wa;e;msupp;ies:;;ctl DO k

(6),:Conflictfné.1andfuse requirements

[¢5) Decay of slums
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3.6

‘Industrialization and Its-Impact on Urban Environment:,

~

3}61:~ﬁistbry of industries: S e S
o (D Househqld»ménufac;ggg%}:A_ e b
(2) Village héndicrqﬁts ‘ . ‘ o
t3) Artisap's workshops . . L L

(4) Primitive factories
- AT B S i. SN l".-‘ LTt “n_‘_';.,",
(5) 1Integrated "assembly lines"
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(6) Continuous flow proce;ses
(7) Autoiatic-f;ctofj o
3.62 Coﬁéepts in industrialization:
(1) capital
(2) " Labor
(3) " Productivity
- (4) Automatibn.
(5) Consumer

(6) Standard of living

(7) Technological innovations - diffusion



3.63 Scales of industries:
(1) Scattered small scale intrepreneurs using make-shift equip-
‘ment and methods.
(2) Decentralized, government sponsored factories with 1oc?l
participation and some centralized regulation.

(3) Large, modern industrial units with strong initial government

participation.

3.64 New Industries:
(1) Microbiological food
(2) Atomic power
(3) Fresh water from sea water
(4) Steel by hydrogen reduction
(5) Cheaper communication systems

(6) Fully rationalized comstruction methods

3.65 Urbanization, Industrial Growth
(1) Industry, R & D, filtered down
(2) Integrated ' '
(3) Regional
(4) Natural

(5) Multinaturals
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A system is a set of parts coordlnated to’ accompllsh a set of goals.
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4, 11 Ba51c con51derat10ns about systems
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4,111 System obJectlves - measures of performance

v E oS v " N ~ N . A . ;l/ 2 v] : Ty -
- RN TR

4 112 System s env1ronment - the constraints
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4.114:.Systemtcomponents - subsystems,
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4 115 Management of-the system itself
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4 12 Dlmen31ons of the Systems Approach
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Slnce the model to .be developed is belng de51gned for both 1nter-

medlate and long-range plannlng, a brlef analysrs w111 be presented to show
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how the systems approach deals w1th the complex feedback 1nteract10ns between
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all sectors and elements of the system under study. Thls inherrently poses
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a challenge to the systems approach Wthh generally does not come lnto sharp
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focus if short range reactlve type of plannlng is the correct approach for
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changes in the systems env1ronment.
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In hlS book on the systems approach Churchman 1nd1cated "that
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the systems approach really consxsts of a: contlnulng debate between varlous
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attitudes of mind with respect to society." This debate may be concelved
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to take place along at least two coordinates: the first called the horizontal

which emerges from continuous feedback interaction between the general and
. . o ' g «

the particular. DlmenSLOnallty refers to the degree of systematlc interre-
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latedness pertalnxng to- dlfferent attltudes toward economlc, social demp-



graphic, political, and technological aspects, each of which may be further
subdivided. The second coordinate is referred to as the vertical. This may
be discussed in a framework of the basic three-level structure proposed by
Ozbehkan and others for planning. The structures are composed of: normative
or policy planning, strategic plamning, and operational planning.

When referring to dynamic social systems, the notion of policy is
concerned with the formulation of regulating principles., Vicker's view .
of policy can be applied here. He believes that it is "regulating a system
over time in such a way as to optimize the realization of many conflicting
relations without wrecking the system in the process.' At the strategic
level, goals are general aims formulated in terms of outputs (missions) or
functional outcomes. The difference between notions such as '‘making potable
water available" and "drilling wells" illustrates the hierarchical relation-
ship between ctrategic goals and operational targets. This outcome -- orienta-
tion of thinking -- enforces the adoption of at least a partial systems view.
This is the essence of governmental planning in the framework of the Planning-
Programming-BudgeEing System (PPBS). Only at the operational level is planning
and aétion directed at fixed, attainable targets or technical products. To
get to these targets poses a problem which can be solved in typical cases.
The "ends and means" to which economic theory frequently refers are usually
defined at the operational level. Operational planning is input-oriented,
focusing on alternative ways to organizing inputs to attaim fairly well-
perceived targets.

The normative procéss of planning and change unfolds in the
feedback interaction between these three planning levels., Churchman has

written extensively on the concept that a normative systems approach involves



planniné‘fof'objectives, goals, and targets while inseparably'searching for
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and questloning these obJectlves, goals, and targets in light of moral valua

‘tion.
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Wlth thls in mind the feedback interaction can be depicted as:shown’
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Each lével of planning comes through two inter-meshed feedback loops,
one reaching "upward" and one 'dovnward", so that planning levels not
enly "touch each other, but share feedback iloops with adjacent levels,
The feedback loops may be conceived as being themselves composed of
samll feedback loops representing the continuous fluctuation between
attitudes pertaining to the creation and appreciation, to the sy thesis
and analysis, constituting the infrastructure of the learning process
which is sometimes called planning, sometimes self-organization, and
which characterizes human systems which include social systems. The
important thing is that the learning process is not reduced to one or
two levels. However, this is usually the case in most types of planning.
Forecasting itself may be viewed as a part of a feedback
learning process by which it is linked to planning, decision making and
in the end, action. In the contemplation and preparation of social change,
forecasting and planning represent two complementary aspects, again
tied together by the same type of intricately intervoven feedback process
as outlined in Figure 1. However, in forecasting, there is alteration
between possibility and potential, input and absorption of ideads, imagi-
nation and realistic attitudes of approaching future system states. TFi=-
nally, forecasting is also linked to the outcome of action by the evalua-~
tion process which modifies continuously the information basis for

: ‘
forecasting, and more importantly, the value basis.

The intent of this section has been to show that the systems

approach is a viable one for the examination of the problem under study.
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The model to be presented in the remainder of this chapter is both a-
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planning and a forecasting one. The plannlng phase of the problem
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will be descrlbed by the utilization of heuristlcs and the forecasting

aspect w111 be carried out u51ng simulation techniques to be presented
P -

later.
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4;2:3BasicYPhTTosophies*about.Systems:Approach:“"5 - S
- > 4,21 -Efficiency = identify‘troubleispbtsfaoh;wastes u;
4;22.rﬁseibffscience - build.a model‘of?thegsystem»(tike‘Scientific

me thod s--"f‘allible: belief that there is a solution to
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”4.23 Humanlsts approach - human values o -
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Humanities
4,24 Antx-planners approach L
4.241 Opposed to analytical approach
4.242 The sceptic philosophy’ f !

4.243 The- determlnlst ph11050phy

4,25 The essence of the system approach is enllghtenment continulng

perception, continuing reviewing:of the world the whole system
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and of its components. i I
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4,3 The Systems Approach:

Model

Mé;rics - measuring $
Alternatives - different routes
Goals

Validation - reality

4.4 Model and Modeling:

A model is a way in which the human thought-processes can be amplified,
There is a fundamental limitation of any modeling of a system, that the

system is always embedded in a larger system {(real system, time, space}.

4.5 Operations Resecarch:

A tool to analyze quantitative and qualitative aspects of human activities
based on scientific methods (based on scientific approach).

4,51 Programming

Linear

Non linear

Convex

Geometric

Dynamic
4.52 Econometrics - Management Science

Micro, Macro , 0

Inventory, Allocation

Benefit - Cost

Cost Effectiveness =~ Replacement

Discounting



4.6

4.53

4.54

- 4.55

4.56

4.57

4.58

4.62

4,63
4,64

4,65

- Operational- gaming

Statistics,

Regression. analysis : -
Correlation matrix

Probability N

Multivaliate analysis... . . ...

. Simulation. C Yol

Networks, flowcharts, CPM, sequencing -

PPBS - Program Planning and Budgeting . . .,

Dec1510n theory. (Refer to Chapter 21.0)

Game theory !

-Decision tree ‘ ' e

Time-series - stochastic
-

3 LI S e e
Factor analySLS
Spectral analysxs

: . -
= Se e o - - -
o - e 4 ‘ N S o .
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.. The "larger system may. be. thenfuture world. , The larger system,

in this sense, is 1nf1n1te,1stret¢h1ng endlessly into future
generatlons.

,The future is always less certain than the present thus each

successive stage of plannlng is vaguer, less predlctable and
so less feasible to plan beyond’'a certain point..

Errors,if predictable, of measurement increase with time
Benefits and costs both diminish at each successive stage.
Multistage thinking

Multi-structure

Multi-variant



4,651 1tultistage planning
4.652 Replacement models
4,653 Waiting line models
4.654 Inventory models
4.655 Net-works, flowcharts
4,656 CPM, PERT, Bantt harts
4,66 Opportunity cost:
Cost of lost opportunity
4,67 Discounting to future
Quantitative
Non-quantitative
4 .68 Cybernetics

Mathematical method of evaluating and controlling a process oa the
basis of its experience (Black box experience - look at whole).

4.681 Management Information Systems.
4,682 Purposive machine
4.7 Planning
Planning is one of the activities of a system and we must look at it
in terms of its measures of performance and of its advantages and disadvantages
to the organization.
Surprise is an unsatisfactory state of affairs to a planmner.
471 Elements of planning
4,711 Decision maker
4,712 Alternatives
4,713 Goals

4.714 Objectives for later stages -



4,8 Program of Planning

4.81;, .Social JInteraction
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) “@ Politics ) )
- 4.82 - Measurement ... .. . S R
,é;Ji£E~&fhﬁ.821 ;dentlflcat;on of a "deC131on maker" . &éx.
?l; . ,‘: . P;ebiem: ‘who‘sﬁbnld be it? ’ansumer shdnid‘make decision
rather -than profes31onals? - \\" ~
4 822 Alternatlves ‘ e, ) ; R
L alseateoals. o ML o T
4,826 Ultimate objectives ‘ o ‘ |
4,825 Effectiveness \ ‘ v
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4.832 Counter planning T
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4.9

Healthy relatlonshlp between managers and planners.

Y

‘Symbiosis:
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live together in a mutual

4.10 Urban Economics - Excerpt from the book, Urban Economics by Harry W.

<,

Richard (Refer to next page).
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URBAN ECONOMICST g

Of all the challenges and problens that face mankind in the rest of

the century there are few that look s¢ intractable yet affect so
closely the dally lives of so many people as the problem of the city.

. .. Presence of extermalitiles makes it difficult, if not impossible,
to allocave resources optimally; many urban invesuvents are 'lumpy!,
absence of a market for many urban goods and services.. . a degree

of monopoly power in the urban land market; the pianning authority,
property companies, mortgage institufions,sellers of land, builders

and the design professions. Misallocation shows Ztself as central city
congestion ané urban sprawl. If the city is growing, the allocation of
a given activity to a given site is likely to remain optimal only for
a short time, yet resources are not easily transferred once they have
been commltted.

Tnree factors: market mechanisms and the constraints under which they
ooerate; external and other agglomeration ecorormies; and transport costs.
Spatial organization of the city is largely the result of a process that
aljocates activities to sites. The price (rent) of land is an inverse
function (typically a negative exponential functlon) of distance irom
the city center. : {

Rant/distance function: external and other agglorieration economies

and transport costs. Agglomeration economies would probably induce
accivities to cluster together spatially even 1n the absence of transport
costs or hish land prices.

E = ap°,

where E equals the. external economies, and P is the populaticn.

Moreover, housencld may spend up to 25 per cent of their disposable
income on housing. Micro-economic approach is to concentrate on the
irdividual housenold and to explain its location decision in terms

of its choices and preferences. .

Behavioral models: Tne first type makes jourmey to work costs

{wihether measured in money and/or time) the main explanatory variable,
minimizing travel costs; in mcre moderate ard more acceptable forms,

the models emphasize the importance of trade-offs vetween ftravel costs
and housing costs (location rent). The second major alternative apprcach
consists of theories which stress choice of house and arez ard envirormental
preferences as the principal determinants of residential location; the
rcle of journey to worx costs/time is relegated to that of an ocuter
constraint.

L Richard, Harry W., Urban Econcmics, Penguin Books, Ltd., 1971.

'



Households;should;liYela§ close to the workpldce as possible. This is
completely inconsistent with imperical observation. Changes ‘of residences
are usually associated.with a.longer, or at least equal, journey to work,
and surveys of consumer preferences indicate a strong- des1re of most
households to live further out,-if and when- they moved. Journey-to-work
applles only 'to the very poor and the very rlch ot '

It is usually assumed that househoLds substltute travel costs for housing
costs and the rate of substitution is’ governed by each households
preference for hlgh or’ low’ den51ty 11v1ng A '

]
=<

n++t . ' R

[ . I REVE - wee S LY ooy 3

:\¥h:$1t*f'Pm9m “tom ... ?;: o . (1)

where P and Q represent the price and quantlty of land (and hous1ng)
and t equals transport costs

Income

| P

Rearranglng P IT T R e o s e

] QO h + %, tom»~¢ -k 7;\ ~ - R - (@)

Thus* expendlture on hou51ng is a functlon of~ tranSport cost sav1ngs.

Vet
PR

The- tendency for’ average “incomes to 1ncrease with dlstance is’ 1argely due

to the 1ntercorrelatlon of both varlables w1th the age of the owelllng

in oueotlon.~ Deople prefer new houses ‘and these are found on ‘the outsklrts.
Land. of the inner core is dominated by rion-residential uses. "
Decentwallzatlon of work and shopping activities and the construction of
fast roads is maklng urban services and. activities more acce551ole to
suburban than to central city households. As; yet this"® development

1s more prevalent in the United States than 1n Brltain.n'v:»m,

To select a house, as expen51ve as they can afford can be 1nterpreted in
terms of households maximizing housing costs. The implications for planning
of- how. households decide where to live cannot be overemphasized, espe01ally
in an age characterlzed by increasing job mobility and growing oversplll
problems. In a situation where Jjobs cannot . be decentralized fast enough,
then the appropriate prescrlption for transportatlon planning from travel-
cost minimisation models is to improve, soeeds and reduce costs, and for
the plannlng of hou51ng to build at very high densities as centrally as ;
possible.” On the other: hand if households locate orlmarlly to satlsfy
housing preferences then more emphasis ’should be given to supplying the type
of houses people want in.the kind of env1ronment and area they des1re, thls
might be more lrportant than marglnal reductlons 1n travel tﬁne. i

For -certain activities, -especially retall trade, pooulatlon is an approx1mate
measure.of. market: potentlal -Distribution of daytlme populatlon is more -
nnportant . Index of populatlon potential. ‘

f

For business service establishments, the spatial distribution, number and
size of client establlshments are the main determlnants of reverue (and
turnover) . | -



Factor costs will be lower away from the city core for almost all
establishments. Those establisiments that still prefer a central
location must find that higher costs are offset either by agglomeration
econaniles such as access to corplementary {irms and specialist services,
or by higher turnover.

1. Activitles serving the clty market as a uhole are more likely to
locate centrally. Activities serving non—;ocal arkets will fend to
occupy peripheral sltes. ;

2. The more specialized a functicn, the greater its tendency to
occupy a central location.

3. The larger the site area required by an establishrment, the more
likely 1t is to acquire a suburban location. This follows from the
fact that the price of land tends to be inversely related to distance
from the city center.

4., Influenced by the existence of land use controls and other urban
plamning restrictions of the use of centradl land. Land use controls ard
zoning have a marked stabilizing effect on the' city's location patterms.

5. The presence of pecuniary external diseconomies (e.g. rising site
costs) or technological external diseconomies (smoke, noise, traffic
congestion) induces a degree of decentralization, though the response
varies depending on how much an establishment is tied to the central core.

6. TIn some cases, a site at one of the secondary centers may offer an
acceptable cormpromise.

7. Urban location decisions are interdependent in agglomeration.
Conplementary activities tend to agglomerate. On the other hand, same
activities repel each other, for example, nuisance-creating manufactures
and high class residences. 2

8. Historical forces. . . railway

9. In advanced industrial countries, there is increasing locaticnal
concentration in a few large cities but a marked decentralization trend
within these areas.

In nineteenth century clties, manufacturing plants are usually located
at central sites. New plants tend fo be established at peripheral sites.

For the typical manufacturing firm, then, a suburban location is usually
advantageous. Many firms remain for non-economic reasons. External
economies obtalnable at the central core and these cutweight higher costs.
One of the major economies is labour market accessibility. Larger

piants can very often Internalize these external economles, net tied to

a core location. | ‘

The overriding locational requirement for retail shops is a site that
will attract custom.. . greatest intracity accessibility.



First, recursive models involving step-wise projections are widely used,
in which the changes taking place in a given period depend on the state

 the system at the Deginning of the period. . Secondly, to make up for
the scarcity of time-series data, time is injected into these models by
intrcducing specified amounts of exogenous variables such as population
change,” In-migration, economic growth and income expansion. Urban simulation
models are usually molded on these lines.

The testable models are too crude, while the models approaching reality

are too cumbersome in their data requirements to test. . . Urban growth
will normally be assoclated with both upward and outward expansion.

Central densities will rise, and central land will be used more intensively.
. + . the settled urban area will expand outwards.

Sub-centers develop because with extensive urbanization and increases in
scale it is no longer efficient to service a large city from one core.
Voorhees (1968) has argued that a population increment of 100,000 can
Justify an additional center to serve it. Candidates for the title of
sub-center include iIntraurban transport. Junctlons secondary business
zones, large establishments such as hospitals or universities, and subwrban
shopping centers. . . by application of 'the hierarchical principles of
a central place model, is inevitable in a large city since it becomes
difficult to reach the main shopping center from a distance of, say, more
than six miles away.

The metropolis of today and increasingly in the future is not only one
city, but a federatlon 0 general ard sne01a1 denters.

Spatial allocatlon models. These attempt to distribute units of growth
(people, irms, activities) among different parts of a metropolitan area
with the aid of allocation criteria, behavioral assumptions or optimal
decision rules or in line with the previous pattern of development.
Others - use a recursive approach in which development in one period

is influenced by the path of previous development.

The emphasis in urban growth literature .on increases in population rather
than on rising rer capita income means that there is a greater danger of

a divergence between growth and welfare criteria. Thus a city's growth
defined in populatlon—change terms, need not 1mp1y an increase in the
welfare of its 01tlzens ;

'"Urban growth' . . . has little to do with the determinants and sources

of urban growth . . .tends to assume that the urban economy is growing,

and then proceeds to explore the repercussions of growth on the spatial
structure of the city. . . conversion of landifrom one use to another

as a consequence of urban growth. It explicitly considers the variable

space which is very desirable when our concern is with bounded areas,

and 1t highlights the physical plannlng 1nmlnc tions of growth and develop-
ment. ‘

Central place analysis and urban base theory.'. . The central place theory,
the city grows as a result of supplying goods‘and services to the surrounding
region. In other words, a city's growth is a function of its hinterland
population (and income level). The process of city growth generates internal
needs. Central place analysis exaggerates the role of business and service

activities. Cities grow to a considerable extent by attracting rescurces.
'l !



Thus, in base models, the urban economy is treated as an endogenous system
with exports as the sole exogenous determinant; investment is always 1nduced.
This theory contains grains, but only grains, of truth.

A location theory model of urban growth.

It links wrban growth and industrial location theory byxnakino the attractlion
of job-creating investments the chief determinant of the city's expansion

and by arguing that the capacity to attract aeoends upon relative

locational advantages and disadvantages. ‘ . Extermal economies, soclo-cultural
amenities and other economies of urbanlzation. . . Population is used

as an index of clty size and enployment as a pgbxy for economic activity.

The urban growth function will turn downwards if diseconomies begin to
cverwnelm agglomeration economies in large cities. A city's capacity for
growth is determined less by export sales than by the in-migration of labor
and inflows of capital.

There 1s strong evidence of a very high income elasticity of demand for
private car transportation services and a low elasticity for public
transport services. Only if the city is strongly decentralized with widely
diffused origins and destinations will the motor car be the most efficient
means of transport.

.defines UR as 'a deliberate effort to change the urban environment
through planned, large-scale adjustment of ex1st1ng city areas to present and
future requirements for urban living and worklng A crucial feature of UR
is the involvement of govermment. ‘ |

. Town and Country Planning Acts stemming from the Act of 1944; local
governments were called upon to prepare not only overall development plans but
also comprehensive redevelopment schemes.

In Britain,for instance, there has been a considerable shift of emphasis
towards rehabilitation with the new improvement grants under the Housing
Act of 1969. . . by improvement grants or local authority acquisition. The
1969 Housing Act made provision for grants for envircnmental improvement,
and by the end of 1970, 102 general improvement areas (coverning 35,700
dwellings) had been declared in England and Wales.

‘ i f
Toe Tiebout Hypothesis - Given that individual preferences differ and that
social goods are paid for by a community's citizens, it is in the
interest of individuals to associate with those with similar public goods
preferences. An individual dissatisfied:. . .'can register his preferences by
moving.. . Locational moves of this kind should lead to a more homogeneous
set of preferences within each community.

The three most common sources of finance are property taxes (rates), central
government grants and user charges. It . !

In the first place, pollution generation rates are often a function of
population size and density and hence are particularly high under conditions
of spatial concentration. Secondly, there are marked similarities between
environmental pollution and the more familiar forms of wrban congestion
such as traffic’ jams or strain on public iservice facilities.

i



Both phenomena are subject to larpe externalities. . . The presence of other
users can adversely affect the quality of services rendered to the individual.
Disturbance becomes noticeable only @ when capacity has been used up, but

then 1t increases disproporfionately. . '. Action can be taken to increase
cavacity or to reduce the quality impairment: wldening roads, installation of
sewage treatmentv plants, recycling of waste residuals formerly effused
directly into the atmosphere, raplonlng dcv1ces at swimning pools and museurs,
and so on.

Social congestion., With congestion, all‘conbumers use the medium in nuch
the same way and each is damaging the quality of service for other and
himself to more or less the same extent. With pollution, on the other
hand, some users abuse the medium (the polluters) while others are adversely
afiecteo by the pollution (the public); redistributional aspects of welfare
become relevant. . . One class of externalities - the disposal of waste
residuals -~ is a normal and inevitable vart of the production and
consumption process. 'The use of common proverty resources (air, streams,
the ocean, etc.) as inputs, the use of environmental media in which to
'dispose of‘ wastes, and unwanted inputs (pollutants) in production - are
transferred at a zero price, despite the fact 'that they may be scarce or
may provide services or disservices. There is no market in which they
might be exchanged. The solution in the general equilibrium model 1is
to construct a surrogate market for them by using shadow prices. Thus,
the cormon property resources are treatéd as a subset of raw materials,
and ere assigned shadow prices which represent, in effect, an income from
the envirorment. The pollutants are introduced as a set of envirormental
disservices and are given negative shadow prices. The supply of these
residuals can be adjusted by price chanoes and this fact creates scope
for imposing corngestion chacrges on polluters.

A general prescription to deal with pollution is to internalize the
external costs. . . Intervention by a regionzal or national goverrment may
be necessary to internalize the external costs, because the costs of
pollution impoased on others may be external to the polluting city but
internal to the region or nation. Responses might include technological
cnanges in favor of lower waste-generating technlques, disposal of wastes
on the site, that is by recycling, or ldcational shifts out of urban areas
in cases where urban authorities levy exceptionally high charges on heavy
polluting plants. In the economy as a ‘whole, however, the total amount
cf waste residuals and pollutants generated is'a functlon of the level of
econcmic development (as measured by per capita income) and the rate of
population growth.

The answer if found in the familiar phenomenon of neighborhood effects.
The individuals own incremental contribution to pollution control would
be negligible compared with the aggregate contribution of the rest of the
community. The benefits of anti-pollution devices on cars accrue from
other pecple's devices, not from one's own, but the individual has to pay
only for his own device while the costs of the devices from which he gains
benefits fall on others. It will be in his self-interest not to install
one. It can be shown, by using a variunt of the n-person non-zero sum
game sometimes called 'the prisoner's dllemma‘, that if all individuals
act like this, equilibrium is uniquely determlned when all individuals
fail to install the device. y



Plans ave justified in terms of the whole canmunity so that ail costs and
benefits, including many nonneasurable items, have to be included. Mostg
vlaming decisions Deneflif some Interests ut hurt others, so that the

’ﬁ“lo of benefits to costs will vary f{rom cne group to another. Accordingly,
it Is difficult to avold paying attention to equjty as well as efficlency
conside“atlono.

Systems analysls is a much broader version, because the determination of
goals and objectives 1s considered as part of the problem rather than
given, of cost-effectiveness studies but differs ITrem these by relying
on human judgement as much as on quantitative techniques and models.

. . » refers to any analytical study designed to assist a decision-maker
in identifuilng a preferred choice among possible alternatives.

Success can frecuently only be measured by performance measures and standards
(persons per room and amenity standards in housing, for example) which

are often expressed in input terms, and these male insufficient allowance
for guality differences. Equity considerations have to be taken into
account in urban planning decisions, and'theselare difficult to handle

(as all-welfare eccnonists know). . . Urban growth is the net outcome of

a complex interaction between public and nrivate decision makers, .and

the lorng-run vehavior of the latter (that is houseFOLds and flrms) is

very difficult to predict. | E



Chapter 5
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GOALS{ ALTERNATIVESL‘STRATEG}ES—AND DATA ’ . ST s
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| 5“1, éénéral_-,Goalsf

Goals areione of the basic elementé of”modelg. The type ofﬂgoals obtained

B

from a model is a function of the type of model utlllzed (i. e. explanatlon,

predlctlon or dec1s1on) or the type of data’ (1 e. qualltatlve or quantltatlve)

1

or the type of inputs (i.e. deterministic; probalistic, or stochastic model).

Goals are the outcomes desired or 'the objectives: Goals are also termed the

objective function,

RN

5.‘}.£§ho:t-teré vs.{1oﬁg-term\ggalg .
)YfﬁeIéettiﬁg‘bf:%hort-range objecéives ﬁs sometimes termed ''goals"

r énd.the setting of 1ong-ranée gbjéctig;s is 'sometimes termeh

"objectivés'. »Tﬁus‘goals'shodldlbe‘de;elope&'eafly'in"the’piaﬁﬁing’

.
S s .

phase ana:at various stagesEof'déVeIOpment of the model. (See
i T ‘ ‘ l
J ¢ ‘ %
Figures 1 and 2).,

5.12 The obJectlve functlon - . i
v | ‘ v

i
!

i The igoals are also referred '‘to the objéctive function, The objective
. ) ! , .
function is often expressed in terms of optimizing (i.e. the benefits.
' : ‘E’ ; *:»

of develobﬁenéwof a reservoir) o}~min§mizing (i.e. the cost of
buiiding a reservoir), : ﬁ l

5.13 Constraints - limiting factors or conditions
Objectives may also be treated as constraints, to establish . ,

acceptable. levels. b , ’ o



Figure 1

Short term vs. long temm, as objective functions with contraints
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15,133 {Constraints.may be.classified by substantive area

ah o « -

5.131 :The objective may be linear, non-linear, or mixed,

5.132 : Constraints may bée ‘described by equalities, ineqealities,

: : or absent.

-
x

«(1) Physical constraintf(i.e.”total water-aveiiable)

e a - - - N e £

(2) Legal constraint ( e. permissible pollutidpal level)

M

(3) Fiscal constraint (i e. money avallable)

~
»

5. 14 Varlables : ‘ : - -

a
'

. The selection of appropriate variables is an important step in the

L -

:process of model building. The variables may be classified as

1. . s

\

endogenous Or exogenous. ‘ v’

5.141 .Endogenous variables are those which the model builder can
PR - !

i o .
v control.) They are internal; i:e. a dec151on.
el : N SN Ceo

5.142 Ex genous varlables are tbose whlch the model builder has

B .. PR 2.0 .
fte v a"\n L. SOl \_.v‘ o Ld o & Sl . T

no.control; they are said to be external or a non-decision

;7:;0!"’:‘;’\7“ ,,nr‘ i‘,“\} 1:‘ T ‘\50“.‘"& ne GE qu-\r(‘ p.,iq,~l1/ i CAGT L

varlable' for example - climatic conditions.

£ - £ - aa s
phnse ang ag Va”)l‘J 5.é 2% aT nivpiﬁ sent of the e
’ =

lternatives _(Figure 3)

XCE L rad S .

A method of 1dent1fy1ng all the possible ways in which the goals
Tl“C ’7’)’(— s I3 GG

and objectives can be achieved. Durlmg the planning process ‘there is

The goai: Qrifﬁ.‘p CFaver oo the ohjactrive Fome L1 4 53ﬂt1h

a need to. con31der range of alternatlves and determlne whlch ones
funarnicn s Tt CEPLeLG e doa ERTAS G on i x.:\I/Lw7 { o hamafity

are’ reasonable to pursue. Co 2 .
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5. 151 The creation of alternatlve plans 1eads sometimes to the
Dl “‘x’l::: . R s

¢

dlfflculty of a p0551b1e change in the larger system. A

Tofa

redesign of the larger system may.make all of the alternatives

LN |
-

of ithe subsystem completely irrelevant.

.



FIGURE IIT

Sanitary or Environment Chemical
Goals % Eff. Mechanical & Biological Electronic - ﬁelation
Professes SS BOD Requirerments Control Requirement Costs
Sand Filter 100 90 Valves, pipes None None 10
Innhoff Tank 70 30 Valves, pipes W N 6
Primary Settling 100 35 Pumps, Pipes, None None 126
Plows, Cas _Con- - -
trol
Trickling Filter _ 80 - Pumps, Fipes, None - - -f-—Nome - -. - _ ] 224 ...~
Siphon
Act. Sludge 95 Compressor and | X Transducers 211
Diffusors Remote Control
Denitrification - — Above plus ChemI:\\ X’ Remote Sensing | 350
Nitrogen cal Feeding Automatic
Dosing
Complete Advanced 100 100 Above, plus, chemid Electronic Gear; 1000
Vaste cals, flocculation )1
filtration ]

Figure I illustrates the total requirements of a process.

the societal and environmental mixes, in Figure II.

Not to provide a

'wvedding', one must look at



FIGURE. II1

4

. ;: Occﬁpatiénal Mixkb
. [ ’2 . Z,’ -
) , 1 G ~ White Blue A
Location Pop/Ewployee | GNP ' | Personal Household |° Professional Collar | Collar Unemployed
Yr. Income Size ) *
Developed 3.1 4 | 8.000 3.5 20 25 .30 5.0
Underdeveloped 7 1 600 6.0° 1 5 |10 12.0




5.152 Technology may be regarded as a specific way of creating
new alternatives, but should not be considered the only
way.

5.153 Various techniques have been developed to select the 'best"
alternative., For example, the development of a water resource
system consisting of benefits to be gained from power irri-
gation,‘flood control, and low-flow augmentation, and costs
for impoundment and treatment presents a typical problem.

The selection is sometimes handled by combining on a one-to-
one basis the responses to the stimuli under essentially
conditions of isolation. The techmique involves the ordering
or ranking of several alternative combinations of reservoirs
and uses to arrive at the best altermative.

5.16 S&cenario - 2 verbal description,

I. E., Future Shock, Year 2000, 1984

5.2 Classificatioq of Data

Data may be classified by level, type of measurement, substantive area,
and source. (See Figure &) The Problem Realm -- first by level as follows.

5.21 Primary vs, Secondary

5.22 Hard vs. Soft

5.23 Direct vs. Indirect

5.24 Raw vs. Derived

5.25 Raw vs. Digested
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5.3 Tvne of Measurement

Quantitative vs. Qualitative (Sece Water Quality Standards - EPA, '"Evaluation

Criteria" and '"Mandatory Limits" and "Recommended Limits'", Figure 5)

5.4 Substantive Area - Environmental

Batelle Laboratories have established Parameter Importance Units for

Environmental Impacts, totaling 1000 points.

Ecology 240
Environmental Pollution 402
Esthetics 153
Human Interest 205

1000

(See "Environmental Impacts' from EPA Proposal, Figure 6 - Environmental

Consequences)

5.5 Substantive Area -~ Phvysical Data

Example: 1965 Water Quality Standards

5.6 Substantive Area - Economic Data

(See "Economic Model Format', Figure 7 and see "PPBS Format--Water Resources

Case', Figure 8.)

5.7 Substantive Area - Demographic Data

Example: Census Data

5.8 Others

Each substantive area may be broken down into a number of sub-headings.
There is often an interrelationship and overlapping types of daya included in

a substantive area. Other substantive areas are as follows.



Figure 5

Sanitary Survey b:f Drinking Water' Systems on Federal Water Resource Developments
A Pilot Study '
EPA Office of Water Programs, August 1971

- _4 ‘ EVALUATION CRITERIAw o

Each water supply system was investigated on three bases: 1) drmkmﬂ water thty was
determined by sampling the finished and distributed water and returning these samples to
the laboratories of the Division of Water Hygiene for bacteriological, chemical, and trace metal
analyses (radxochx.mxcal samples were not collected in the study); 2) the’ status of the water
supply system facilities were determined by a ficld survey of the system and the recording of
data on three standard forms.with respect to a) source (s), b) treatment, if any, ¢) distribution
system pressures, and d) operation; 3) the statusfor the surveillance program over the water
supply system was determiined by obtaining bacteriological water quality 'data for the previous
12 months of record from State and County health department files. *

To prevent health hazards from developing in a water supply system, someone not associated
with the supply should review operation procedures and the adequacy of physical facilities on
a regularbasis. These'sanitary surveys shotild be at least as detailed as the reviews made during
the pilot study, and may be more time-consuming depending on the complexity of treatment
and the capabilities of the operators. Section 2.2 of the Public Health Drinking Water Standards
1962, provides that *“Frequent sanitary surveys shall be made of the water supply system to locate
and 1dentxfy health hazards which might exist in the system.” N

he numbcr of systums ex«.eedmg the DWS" and “t}.e pcrcent of systems exceedmo the

DWS” will be referred to several times in this report. 1t should be understood, however, that the
{requency and adequacy of the sanitary survey was not one of ‘the criteria used in making these
determinations. For some of the water systems it was difficult to obtain information reliable
enough to include in-an accurate statistical suimmary. for this report. Although not included in
the statistical summaries, the adequacy of the sanitary survey for water supply systems in this
study is discussed in the body of this report.

Water Qualitthriteria ' T
Water quality was judged as follows:

e

(1) Not toexceed the cdﬁstituent limits of the PHS Drinking Water Standards.
(2) To exceed at least one “recommended’ ’ constituent limit (somec are acsLhctxc paramelers),
but does not cxcccd any “‘mandatory” constitucent limit,

1

(3) To exceed at least one “‘mandatory” constituent limit.

In this report when a water supply system is referred to as exceeding the constituent linits
of the DWS, the determination is based on the maximum concentration of a constituent measured

in one or more sampies collected from the system, -
’ ’



Figure 5

MANDATORY LIMITS

(Continued)

(The presence of the following substances i excess of the concentrations histed shall
constitete grounds for rejection of the supply therctore, thewr continued presence shouid be
carcfuliy measured and evajuated by health asthonties and 3 decision made regarding corrective

measures or discontinuing use of the supply.}
Constituent

Arsemic

Banum

Cadmum

Chromuum (hexavalent)

Coliform organisms (Measured by membrane
filter techmique)

Cyaride
Fluoride
Temp. (Arn. Avg. Max Day - § yrs. or mors)
50 0-55.7
53 8538.3
584638
639-70 6
70.7-79.2
79.3-99.5
Lead
Mercury ®
Selennm
Silver

* Proposed for inciusion in the Drint ing Water Standards

Eimnit

0.05 mgf}
1.0 mg'l

0.0 me/!
0.05 mg/}

Fads s:daf:

a) Anthmeic averzze

of sampies ceilected
greater than | per 100 ml

b) Twe or more samples

© (5% or more of more than

20 examinzd) contan
dens‘tics more than
4/1060 ml

0.2 mg/1

2.4 mg/t
2.2 mg/l
20mg/l
1.8 mp/t
1.6 mg’l
Lémy/!l
0.05 mz/}
5 yg;'l
.01 g/l
0.05 mg/1

The Dninking Water Standacds consiriueas fimils measured in this sfudy are summznzed a3 follows:

Partial List of Bacieriolomical, Chemical, and Phy sical Constituent Concentration Linnts
Taken from tae 1962 U.S. Public Healih Service Dnnxing Water Standards.

RECOMMENDED LIMITS

{If the concentration of any of these constituents are exceeded, 3 more suttable supply or

trealment should be sougat),
Constituent

Ai¥yi Banzane Sulfonate (Measur:d as
reth glene-blus-a~tive substancas)
Aserag
Chlondz
Coler
Copper
Carpon-Chloroform Extract (CCE)
Cyamde
Fluonde
Temp (Ann. Avg. Max. Day, 5 yrs or more)
5006537
538-583
58.4-63 8
€3.9-70 6
70.3-719.2
79.3-90'5
Iran
hianganese
Kiteate
Suliate
Total Dissolved Solids (TDS)
Turoudity
Untreted
Treated by more than disinfection
Zine

Limit

0.5 mafl
0.0! mglt
256 mo/l
15 Unuts
I O mg/l
0200 my/!
0.0t mg/l

1.7 mg/t
15 mzfl
1.3 mg/l
1.2 myf}
1.0 m/1
G 8 myfl
3.3 mgft
0G5 mg/t
45 mg/i
250 mgf!
5C0 mg/t

$ Units
I Unst
Smy/l



. Figure 5 (¢

Facilities Crdteria . . -
R - , T

- % f v.;.a-x-uz.‘u

Sourc;, trcatmcnr opt.ratron and dxstnbutxm facxhtles werejudged' Exther

i R CARN

1) - To be 'esscntxally'free from ,m:uor dcﬁciencies,~ or

2) To'be deficient i m one.or more of the followmg (where apphcable)
Toa) “Sourcc protectxon (m absence of disinfection ox buymg chlorinated wates)

b) antrdl of disinfection (if practic'ed or if purchasing chlgrinated water)

c) Control of clhﬁﬁc_étion (if clarification practiced)
d) Presr»ure (20 p<i) in some or all areas of the distribution °ys...

A

Bacteriological Survcillance Program Criteria

The bactcnologrcal surveillance program over the water supply system was judged on the
.ollowmg mten L

1) Col'c»txon of the required number** of bacteriological samples durmg the period of the
year thc water system is in operatron

& See “\«Lm.al for Evaluatmg Pubhc Dnnkmg Water Supphes PHS. Pu‘ohcatxon No. 1820, -
1969 {or basis of Judgement T

#*Sce pages 3-6 of the Drmkmg Water Standards.



Figure 6.

Environmental Coascquences

Enviromental Impects

Ecological Environmental Asthetic Social
Fauna
Wild Life Aquatic = Resource Visual Historicel
Fish, Fowl
Animals Pollution Lavel Cdors Cultural
Reversible Domestic Life Air - Resource Structures Life Patterns
Animal Food Level
Floial Noise Health
Solid Waeste
Crops Level Land Use
Natural Vegetation
Noise Settlement Patterns
Non- Extinct Species Land Use - Historical

Reversible

Monuments




Figure 7. Economic Model Format

N

<4

POpuiation Model Employment Forecast
Sub-Model
Total
- GNP .
Age~-Sex . R .
GNP/Employee- )

Occupation '

Mfg. Employee

Industry .

Value Added/Mfg. Emp.

Income - . ‘ . )

/ S " Value Added/GNP
Transducers v
Qif S Disaggregation Factors
- 1 1 ‘ — 7
e e | Lol Fomtation]

-, t . . v . T ' : ) Y

Hfaalt:.h . O AP . ;{C_m}r_-.pa_i‘l@—-LOccupation I\\

Recreation Y o ) \\\q " Manual
P L shift .|.:.. - . : . B v iCalculation
‘Education Lénalysis *Compare (= : Indﬁstry _—-;_——é

Communications ) ‘ [ ) .

Housing 3~ Compare [< ~ Two Digit Sic

Transportation . Manufacturing Emp.

Security

Essential Fac.

S BEE Y |
> Basic = Non-Basic
Transducers - Rates
] | I
?ubllc‘Sector Service Sector
Expenditures ‘ T
— A - —
Economic Labor Torce
Forecasts Forecasts



Figure 8

~

Up to tihils point the prime analysis has been on Benefit/Cost Analysis

and comprehensive planning. More recent interest has been in PBS, and
Cost Effectiveness.

PPAS Format - Water Resource Cast

i o y /L 4 L Vz // E/i
rograms L a5

8 m T T T

[ A a yd e pa /“‘/’1 % §/

v LT T T L

] Py sy sy s s s SR P 48

Waste Disposal ' ] Pyl Ty
g/‘/ o W

tater and Supply Comtrol 5% > ti'

Recreation

Erosion and Soil Control

- \w e

. : :/‘( -
Land Development Control . { A | egﬂ’
H AR &
- . SRP I
irrigation } 4 o
R
i v
Fish and Wildlife {
Current Year
Wt <
7 =]
i ~
Resources - < &

M.W.R.C.
Research

Publie Health
Poxrks and Rec.

The process, illustratel above, is basically a matter of articulation towards
goals. Governmernli zzencies are rarely organized by function (activity ox
programn) and as swc results are difficult to evaluate.
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Vi ’51.581'2 .

5.83

5.84

-

Technological’

Political

"Biological

Ecological

' I T e S C
5.9 Conceots of Inadequate Data - In the context of data needed for a model

B
A N .
$owkg T, LR

for the design of water quality management.

5.91

5.92

5.93

5.9%

5.96

Some questions that arise

(1) What significant paramenters of water quality should be
measured for the system?

(2) What should be the periodicity of time interval in collecting
specific data?

(3) What are the cross correlations of the#e parameters?

(4) Are there any symergistic relationships between the
parameters? \ 7 g
(5) What is being accomplished to develoR instrumentation that
can gage quantitatively those essential parameters, such as BOD,
that are not being measured automatically at the present time?
Data has'a cost, collection, and deferral of decisions.

Concept of quality measurements

(1) Criteria

(2) Standard

Concept of prediction and forécasting of data, i.e., population
growth and demand.

Accuracy of data: reliability, validity, objectivity.

Difficulty in systems approach are identified as follows.



(1) To identify all elements or number of variables of the system,

(2) To identify and quantify the inter-relationships and components

of the systen.

(3) To achieve an inter-disciplinary approach.

5.10 }Modelling Management and Scheme

(See Figures 9 and 10.)
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Figure

9.

Data Needs Management Model
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Figare 10

Gencralived Scheme Model
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I 3 Chapter 6

YODEL AND MODELING. ... . .. . . .o .

PR et g . N "

The main objective of models and'hbdeling is to obtain an economy of

e [ P . - & . PR . . =
P N ‘ - ’ s ’ ER s
thought and serves the purpose of explanation and elucidation of complex

i -
ideas in a single schematic form.

. :‘u‘r":,‘ o . } . B . =, - E.
Models,in general, function to predict and to analyze activities and

e EES ST - , .- . B 4 ;
R e T : . R SR TIN S PR ~ad i

A
their effects.

(RS riie B TOINS SR R A ‘ I . [ s

6.1 Type of Models.,». - .-, - - -

6.11 Physical
The ;system is constructed, generally, to a small scale (a
prototype to a scale) to, study .the behavior . of the components
and the system as a whole. ﬁxémp}g: Iconic. Model.
6.111 TrueAhodel - A true model is one where -there-is complete
similarity or similitude between the model and the pro-
. totype. .-, o : - Lo
6.112 Distorted model - A distq:;gd'modelgiqlope where com=
plete similarity is'not possible -because: of physical -

. . .considerations of cost.

6.12 Mathematical or Isomorphic S ' L

2

form. Opposite of a scenario.

Simplified and idealized abstraction of.a system in a mathematical



0.2

Analytic (algebraic equation) or Numeric (numerical construccion)

The analytic mode is an expression of a real life situation in

If the same problem is cast directly in computer logic, it
is in the numeric mode, It could be classes as a verbal or

language model constructed to be handled by a computer.

With the descriptive model, the focus is on describing a reai-
life situation while the optimizing model stresses the process

of selection from a ranking of alternative solutiomns,
The symbols in a quantitative model stand for aumbers (con-~

stants or variables), while in qualitative models, they repre-

In a deterministic mocdel, a given input will always result ia

a given output. In a stochastic or probabilistic model, the

Miodel Format or Characterization

9.21
symbolic form via an algebraic equation.
(There is a lot of latitude on this point.)

6.22 Descriptive or Optimizing

6.23 Quantitative or Qualitative
sent properties of components.

6.24 Deterministic, Stochastic, or Probabilistic
outcome is probabilistic.

6.25 Micro or Macro Models

Degree of fineness. A micro model represents a system on &
micro (small detail) scale while a macro model represents the
system on an aggregate (group or cluster) scale. As models go

into the future they become less fine.



6.3

6.26 Static or Dyﬁamlc

L TP AN h - - [ - N T, - IR
P PR Sl B S A I v R . EI A 37 P . L

Either model can be in equilabrium or non-equilibrium. The

. '
~ - . u

difference is one of management over time, or one of a series

of steps or of a sequence of events. Static .eXamplei: Fixad -

Cross-Section., ST TR e
6.27 Ready- -made or Custom-builtio:iha¥oy L& Liutasf L1400

The "ready®madé' models” describeé’ geeral’, stahdard systems

while Meustom-built'- models”aré constructed to simulate a

- :.3,’;‘" oy PP 14!“]4» vy T . “'4: , ) i [ .
L VB ghecifietsystem, P Mo e e ety .
’ b !
Model Elements . i )
LBy e taros g Bt R ARTAI R T SRR SV T

6.31 Goals

L A Y I & B 0 Sty S TR RN

Also known as tne obJectlve function mhlch is a formal statement

\\r 2fasld . e ;L' PSR Hr', ,.'..:, L N R P L . 3. 5 PR A Leo o :

of goalt In an optimization model, one tries to maximize or

s ; o - P N
EIREEE 1M‘r} ol AR SR FAREN (:;:*\ .

3 . 3 . . < ~ 7 .
minimize the objective function. When: the number of variabies

PR SR 3
increase then model breaks down.
T T I ! ',.u»,\,\«u’) P UL BHDVEI & PRSP I ’.‘Q\LZ(:U Yy
6.32 Varlables o o -
COLA AL L Gw S. s i BII0 te roln s o ‘
Input and output quantltles.
vy e e ey - F - “ e Lo
TP S e s - "“’.« A N (A - W
Dependent and independent. (Eﬁdogenous and Exogenous)
PR SRR LA N
Real and complex, ) )
Y+ S S v I ¢ 15 PR S g atan wwoanmon A el oy e o Ly
6.33 Constraints
Tl T dw L T ol
Conditions - acceptable levels
T S UR PR R
Equallrles, 1nequa11t1es i
s Y B o T S

Limiting perlmctcr of the solutlon space
Tairo. ‘st'au,( F e \ .
6.34 Transducers (transformers)
Traunsfer matrix

Open loop input/output relationships essential to interndl

definition.

24



Tvternalities

Decision variables have secondary effects or social costs or

bencfits.

of Models

6.41

Descriptions

6.411 Mcasures of performance

(1) Ratio of input data to output data
(2) Accuracy and cost of generating data

(3) Applicability of the model to other times and places

6.42 Predictions

6.43

6.44

(1) Cause-effect relationships and causal sequence

(2) Endogenous variables (end of the sequence)

{3) ECxogenocus variables (beginning of the sequeace)

{4) End result is explanation

Planning

(1) Specification of alternatives (programs or actions)

(2) Prediction of the consequences for each action

(3) Scoring of these consequences according to a metfic of
goal achievenent

(4) Choosing the alternative with highest score optimizing

Forecasting

(L) Future state of affairs

(2) Extension or projection of prescat pgrowth

(37 End result is to clarify options for decision makers



6.5 Apnlicotions of Modelling (Flgures 6 1 and 6.2)

(IR
Yoo

6.51 Demographic

(1) Recursive model

- o~ () 7Growth Lo £1PY e e e T L
Rt ¢ v\r‘h
~6-.52. "Economic o
S ’“”supply Model . .
L BNDBL e PR TTCR o
R N . s .

6. SBKmSysLem Application

N .
- determlnlsf::——~;;;ZH€§EE:T——;;Obability T

(1) Model 7
aren nd ol AR (sequences) (risks involved)
(2) Data > goals - alternatives ——Sz== forgcastétz,‘

(3) Vvalidation procedure = Convergence

2:(4)u5.Implementation R L
6.6 Wodel Sen31t1v1tz o o
H . SN ITRRE VA )
L G R RSN E‘:::»‘,'-i e ":‘,,,?,‘MC/
6.61 Sensitivity Analysis o e
' ~=°';L®5 w1
To determine how sensitive anyone of the inputs is to the outout
PR 3 Veloe StaSs Tl f‘) s 4

YALE except one of the variables in a system-are- -held ,constant: .This

s1ng1e exceptlon is allowed to_vary through_ics. full -possible-range

while the effects on certain measures of systems performance are
- noted. This tests the sensitivity of the system to the one variable

with the output function as a curve.

AS = e N, + e, NX,, etc.

171 1 1’

higher coefficient = more sensitive

In a mathematical scnse, the slope of the output as a function of
input is a sensitivity measure. Two variables of a system may

be permitted to vary simultaneously, each having an effect on the



Figure 6.1

USE OF LESTIMATING TECHNIQUES

Type Year Application
Eye 1930's Engineers and
Births over deaths Demographers
Logistic

Arithemetic 1940's Engineers
Geometric

Incremental

Population theory

Curvilinear .

Qopulation synthesis 1950's Economists
negional analysis

rarket <demand model

Supply model 1960's Economecriciaas
factor and component~analysis

Cohort analysis

Input/output analysis

Goal Orientation 1970's Reid Study

Econometric techniques -




Type

Projection

Past

one

more

Goals Coals
Demographic  Eccnomic

Constraints .
Demographic  Economic Physical

-

Eye

Birth/death
Arithmetic
Geometric
Incremental
Population theory
Curvilinear: » )
Population Synthesié
Regional analysis
Market demand model
Supply model

Factor analysis.
Cohort analysis
Input/output

Goals (Reid)

I T T

LI S T

o

Figure 6.2
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output measure. Mathematically, this becomes a three-dimensional

model; the output function becomes a surface called response

ace (0o¢ a two-dimensional planc).

ri,

o

7]

Play a pavticularly esscuncizi role in the mode: building and
i ke3

validation. They identify essential parameters and trouble

U

~r
vloy,

check the logic and internal consistency, and ideatify the most

&

profitable arcas for data-colilection activities. The relativ

sensitivity of a parameter is an indication of the priority that

should be given to obtain better estimates of its value.

Deviations from the c¢laimed model behavior

J

5.02 Seasitivity Tests
~as_s of Lorge Sczale Models
«») 4yper comprenensiveness
(.} Grossness
(3) Excessive amcunt of input data
&)
{(5) Complicatedness
{6) Mechanicalness - no human interfall
{7) Expensiveness
liocel Soiutions
6.81

Opcimizacions - Taken from the word, optimum, meauning tue 3t

oc most favorable degree uaatit or number. Oncimwization
(] 2 3 i

a mcthod of solving problems in a common sccucture {(model

Zoo the attainment of an optiwum in a system which cea oo o,

terized mathematically. The practical attainment of amn op.

Wil
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I
PR )

6.82

; of. the_scientist and.engineer.
ot P R S b oAb vt Tt P G

design is generally a consequence of a combination of matherw.tical
. - . PRI L ‘)1" _I

Uy

s Fa “ b

nalysis, empirical information, and the subjective experience

[

P H [

6 811 Varlatlonal Method - Assumes that a. prellmlnary specilication

LA - A, s 4,“w.1.~

. has been made and, then inquires_ about the effect of small

P R

(1). Leads -to "negﬁssagy,copditiong:, or equations which
" PR - VRS T P N T S

- . define optimum. ,

a0 PO, s FoooaVive o

(2) Analy31s of the effects of small perturbatlons about

-t - _,:,..‘ DU

a nonogtlmal Spec1f1cat10n 1eads to. comput10na1 procedures

.y N ‘ DI S

- - Which produce A better spec1f1cat10n.w
- L A e v 3 &t C -

Slbad Lon i, e

i3

(3) Provides a logical framework for studying optimizacion

in new classes of systemst . .

6,812 Perturbation Method = A method of suboptimizing witn

G0 LR ) [Ny

" mathematical characterlzatlon of a sybtem whether the

K
RN PRI [

problem is mathematlcaL or experlmental or.a judicious

.4-....—'. v b P

combination of both. Expressed by a. regular elliptic
dows Lt

C

curve with continuous motlon. TS

\‘~ Y LE PO

Simulation e . P
‘.Q Gy 5! J.-‘LJ“\[‘\.. [} '\\.)

The word "simulation' has a wide variety, of meanings. In popular

4 n..

usage, it is often a fancy term for an 1m1tat10n. However,
STN I ! G

"simulation' also may mean 51mply that one thlng is much like

1
wr P

another, that it reproduces the characterlstlcs of something

i
LT,

clse in certain important rcspccts, but is OthchlS somevhiat

ot

different. Slmulatlon has certaln characterlst1cs arid lacks others;

Ai»‘ o 4) -
¢



it is possible to lead the inquirer slowly toward the more
complete comprchension.

A simulation is a special kind of model, distinguished by the
ract that a simulation is a dynamic or operating model; therelfore
changes over time in the model correspond to changes over time in
the system being modeled. The term simulation refers to the
construction and manipulation of an operating model.

A simulation can also bpe thought of as a dynamic model. Simulators,

therefore, must try not only to build a model of system structure,
but also to incorporate system processes, Iun doing so they
abstract, simplify, and aggregate, in order to Iintroduce into

the model more clarity than exists in the referent system.

6.821 Simulation Processes

Abstracticn

N
ey
~

(2) Simplification
(3) Substitution
6.822 Simulation Benefits
(1, Economy
{2) Visibility
(5) Reporducibility
{(4) Satfety
6.823 Simalation Gaming
(1) TDecision Making

(2; Systems Analysis

~~
w
~

Teaching

(4) Tneory Exploration Research



]

6.9 Uacertainty Problems in Modelling Development

>

Two principle types of 'uncertainty can be identified in planning

rh
o
(2]

the future which are also inherent in models. ...
I ‘

-.6.91 State ‘uncertainty is the problem of inaccurary of needs and
pqd?fipgdtpbjgcpives,A It is related‘to?thé‘quantiﬁy and quality
of available data which is caused by a scarciﬁy”gf'réliable
knowledge. State uncertainty is basically a data problem due

in part. to-continuing broad- institutional and social changes.

P
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6.92 Process uncertainty.is the problem~of understanding how the socio-

economic system operates as a process, It makes it extremely

difficult to :forecast even -the relativeé short- and long-ru. eifects
., B - -6
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R e 2

of alternative strategies. : Theoretical mddels of causal and

structural -relationships perform this type  of "system simulacion.
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5.10 Cross=-Correlation-Analysis . -

New¢%na1ysisnxephniqueslarebbeginnfngsté'bé applied (via matrices and
-

" AR
models) in technology assessment. These have d dual reldtionship to
ceasurement, ,They can- assist in attaching problems such as structurin, and
-interdependence, but their applicability and interpretation are limiteu oy

the level of measurement scale developed. They attempt to combine the use

(o}

by ”ju&gmgnt".(soff),data witﬁ hard. -
‘;:‘6-}Q].Croas-suppdrt”,fv IR '

Used to.determine the support -effect of eaéh:itém'bf\awfield on
all ocher items

(1) Matrix

(2) Square array with the item-to-item effect described by the

matrix elements.
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{3) Scale is ordinal. (

~~
I~

> Cannot be summed numerically.

{(5) Sum of "like' numbers diagonally would indicate relaiive
total cross-support of each item,

(6) Sum of rows can be rated numerically to indicate items total
cross-support.

Cross Impact

Used to establish the change in the probability of individual
events with the occurrence or non-occurrence of related events.
(1) Matrix.

(2) First column indicates ‘the best estimate that an event will
occur, independent of the other events,

(3) Elements of matrix rated by panel of experxrts as positive or
negative, depending on enhancement, inhibition, etc,

(4) Example: Given Event 1 will occur in Time 1, how woula the
probabilities of each of the other innovations be affected?
Releva;ce (Figure 6.3)

Used to establish the relatiomnship between two {ields by considering
each item within the fields,

(1) Oldest of three.

(2) Matrix.

(3) Assigned "value" to technology involves subjective judgment.

(4) Examples: PATTERN, PROFILE, QUEST, and the TRIMATRIX Techniques,
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BUDGET AUTHORITY AND OQUTLAYS BY AGENCY

(IN MILLIONS OF DOLLARS)

OUTLAYS
DEPARTMENT OR OTHER UNIT To72 1975 1976
ACTUAL ESTIMATE ESTINMATE

LEGISLATIVE BRANCH cveeereeeeeeeeeeeeeveeeeeeans 625 144 882
THE JUDICTARY et e eeeeeeeeveeeeeeeeeeanaenns 205 308 34
EXECUTIVE OFF. OF THE PRESIDENT e 66 109 7%
FUNDS APPROP, TO THE PRESIDENT............. 3,329 4, 607 6, 610
AGRICULTURE 11eeeeeeeeeeeeeereeereseerenenenanans 9,767 8,756 9, 662
COMMERCE .ot e e e e e e e e e e s eeeaaenas 1,455 1, 644 1,789
DEFENSE-MILITARY, . eeeeeeeeeeeeeeceeeeeveeeean 77, 625 83, 493 90, 775
DEFENSE-CIVEL tvreereeeeeeeeeeeereeeeeeeesssesssnnns 1, 682 1,928 2,005
HEALTH, EDUCATION, & WELFARE...ccuvvvven...n 93,735 109, 932 118,377
HOUSING & URBAN DEVELOPMENT.....emeer... 4,736 5,517 7,055
INTERIOR et eeteeeeeeeeereeeeeeseeseenneeanssnesensenns 1,779 2, 236 2,503
JUSTICE ittt e eeeeeeeeeeeeeeeeeeseeeenes 1,797 2, 061 2 221
LABOR 1ttt eeetee e e e s e eeaeaeeeenanns 8,966 18,966 22, 617
ST ATE e ettt eeeeeeee e e e e e eeereae e eeearnnes . 135 871 950
TRANSPORTATION uvevreeeeeeeeeeeeeeeennenrnnenns 8,104 9,142 9,991
TREASURY. .ot erineeeee e e 35,993 39, 665 43,453
ENERGY RESEARCH & DEVELOP-

MENT ADMIN. vt e eeer e 2,308 3,090 3,815
ENVIRONMENTAL PROTECT. AGENCY.evvvevenn, 2, (30 2,937 3,080
GENERAL SERVICES ADMIN. wovveereeeeeeerernenns -276 -1, 008 -476
NAT'L AERO. & SPACE ADMIN. evvveeereeneeenn. 3,252 3,207 3,498
VETERANS ADMINISTRATION wevveeieeeveeeeeea 13, 337 15, 445 15,576
OTHER INDEPENDENT AGENCIES uviviireeeerennnn. 13,742 15,935 16,712
ALLOWANCES weteeeeeeeeeeeeeeeeseeeeeeseesenenns — 700 8, 050
UNDISTRIBUTED OFFSETTING RECEIPTS:

EMPLOYER SHARE, EMPLOYEE

RETIREMENT - eeeeeeeeeeeeeeeeeeesesesnssnnns -3,319 -4, 070 -3, 888

INTEREST RECEIVED BY TRUST ‘

FUND S ettt eeteee e e e e eeeeeesrenneeeeeeeens -6, 583 71,7169 -8,305

RENTS AND ROYALTIES ON THE

OUTER CONTINENTAL SHELF
LANDS ettt eee e e eeeriee e eeereeeeaeeeenens -6, 748 -5, 000 . -8,000
TOTAL BUDGET AUTHORITY
AND OUTLAYS wevereeeeeeeeeensrrereneeeeens 268, 392 313. 446 349,372
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Chapter 7

LOALIAG AGNUL LT Lo s T wD Cr RRSS FE T F
QUALITY OF THE ENVIRONMENT
| : LT e U LIPSO
GNP does not and can not pOSSlble measure everythlng that is relevant
: SHIB LA LI p LT LEateen 3TN
to our feeling of well-being; it 18 only a measure of our production of
e Bl IAEE AN AEL R SR _,\’ ' 9'Au LB IS T (u.h.,l-lf* pendoy ‘x.i!' 1;;

goods., Many activities of production, movemenr and consumptlon thOuoh do,

st SRV IT S AL FULE A R S Py . L !
unfortuna;ely, 1nflict unwanted penglties on others. The fear is that such
oo Tor s snt i Lo deridie a0 opLtanibosn v o T AT .

unwanted effects may grow in 1mportance as p0pu1ationrand 1ncomes increase,

¢ ..:r' [ A% SRR D -l 3 i " FREFEY o

lecading to a deterioration in the quallty of the envxronment. It is this

LN ;—,*.. N

e Sl - - A8k [
quallty, present and future, which is being measured by varlous 1nd1ces
ALIUG B T S d el L 5
other than GNP.
RSN P DA B PR NI TR X
7.1, EnviToamental: Problem: Areasfﬁ‘oz*J NS S T I PR
s0 711 “WateriPollution» . - "o asly sderorhm. <0 - i, :
v 307012 JAirv.Pollution:goleg 0 pofed Fogtlie odi o oot iolaan
‘ | .
7.13 Chemical substances.:.such* as pesticides:i: '~ <oz e
. 7 714 sUrban: deveIOpment<u;N\§ O AR AT 1 N
Land Pollutlon
.7.15 " Rural development-”"’ : . -
< 3T :
7.2 Problems in Achieving Solutlons
: o S R RA ST e A Y ot sk ey uT et e e (L
7.21 A search for systematic evaluatlon of external effects of many
g . noadt srasthiun oot oedoan L e

activxtles is still going on.
7.22 The processes affecting the quangytqfighgfphysiqqk;gny?rép@ent
have be;ome increasiﬁgly subtle, 2o~ oo T oL
7.23. Thendemand:forﬂa "good physicairenvironment~can-be éQPECted to

grow much faster than population and even per capita income.
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7.24 The doubts about the adequacy of present institutional arrange-

ments to deal with the envirommental problems.

7.3 External Effects of Change on Environmental Problems

7.31 Reasons for externalities

(1) Technological change and changes in consumer tastes

(2) Consumer or producer ignorance

(3) Consumption or production not entirely within the control of
consumer or producer respectively

7.32 Results of external effects
(1) Misallocation of resources
(2) Misallocation of production
7.33 Ways to handle allocation problem arising from external effects

(1) Units that generate the effect to come to agreement with the
recipients of the effect on the proper level of the effect --
perhaps with a payment from one to the other.

(2) "Internalize" the problem so that a single economic unit will
take into account all of the losts and benefits associated
with the effect,

(3) Control production directly, perhaps by governmental operation

of the activity that produces the external effect.

7.4 Indicators of Water Pollution i

7.41 Degradable Pollutant
(1) Aerobic degradation - stream self purification; reoxygenation,

oxygen sag.

(2) Anaerobic - use of organically or inorganically bound oxygen,



breakdown of nitrates, sulphates-methane, hydrogen sulfide,
foul odors, aesthetically offensive,

7.411 Temperature

7.412 Reaction rates ki, kz
B SN S N VI OV EEN S DU EE T
7.413 'BOD, 'COD, TOD, TOC) etc.

B A T I Ca

N
s

S

algal growth - nitrogén - phosphates

7.414 Nﬁtrienté: -n

s e -~

N ® - - - e . T Rl
EARYTI A T oL

7.415 Bécteriéiul

Vo B .
ey el .

7.42° Non - Degradable Pollutants'
7.421 1Inorganic substances-inbfgénié colloidal ﬁaﬁtef,

. e et oy rae a8
ordinary salt and the salts of numercus heavy metals.

'«(’7, [ N o Vo e L n . b0}
7.422 Toxicity .
TRG LT - A b
7.423 Chlorides, etc,
7.424 n, Scalir

Coffbéion, Scaling, pitting ‘

. .
8 ¢ - PRET S \ .

~d
>

.425 Water softening
BN 5 e R S R W . \':",H\ e i

7.43 Persistent Chemicals

(1) ABS, Pesticides, Phenols . =~

(2) Long lived radio nuclides - radio active wastes
7.44 Areas of Research in Water Pollution

colA LTl . c e A
(1) Costs of Water Quality deterioration
(2) Problems in devising a system of quality control
. S R R L i e T S
(3) Institutional arrangements for quality management

7.5 Indicators of Air Pollution e ,

7.51 . PrimaryrPollutants. - stable pollutants..that are not changed
in the air and consequently are comparatively easily. tracked

. to their source., . . : - SR



7.511 Sources - industrial, commercial, domestic, transport,
agricultural.

7.512 TForm - dust, smoke, funes, droplets (aerosols)

7.513 Effects - decrease visibility, dirty buildings, damage
properties, corrode metals and affect life processes.

7.52 Secondary Pollutants - are more intractable, have less pre-
dictable effect and possibly are more dangerous to health

than primary pollutants.

7.521 Source - they do not arise directly from any industrial,
municipal or household source but are produced by photo-
chemical or physicochemical interactions between pri-
mary pollutants within the afmosPhere.

7.522 Los Angeles smog - 3 million cars emit 8,050 tons of
CO and 1,650 tomns of hjdrocavbons each day. 850 tons of
oxides of nitrogen combine with other ingredients.

7.523 Effects - eye irritating, bréath-taking.

7.53 Problems of Air Pollution
(1) Morbidity and mortality statistics suggest that communities
with the highest air pollution loads tend to rank high in
death rates from a number of diseases (cancer of esophagus,
and stomach, lung cancer, artefiosclerotic disease).

(2) There are fewer means of‘dealiﬁg with air pollution.

(3) Air pollution from fixed sources is usually much more localized.

(4) Wind patterns - horizontal movement of pollutants, lapse

rate - vertical movement of pollutants, inversions, etc.

(5) Air quality standards.



7.5 Indicators.in the Use of Chemicals as Pesticides

7.61 Effects of Pesticides

7.62

7.7 Indicators of Cost in Urban Development.

(1) Increased crop yields
(2) Improved quality of crOpw:\ Ce e LB
- (3) Reduction of the frequency of years withEGEEf“lbw,yiélﬂs.
«(4) Reduction in)the1;5;£iéfﬁpf$dﬁchioﬂ of food., *-
(5) Reduction in fhe\iﬁé{dénce of:méia%ié’“J‘
(6) Acute poisoning - about half of these ir “hildfen
(7) Longyzfﬁ'éfféctéWon‘humgﬁ=upoﬂ&ﬁfbibhgéd'éxposu¥e to pesti-
cides (pathologicai &‘géneﬁic)
(8) Acute effects on wildlife
Regulation R ) v
(1) U. S. Department of Aéricﬁlturé‘énd H. E. W.
{2) TFood aud Drug AéEiﬁiéfraticﬁ RS
‘(3) Tolerance evel generally 1/160I6f the ﬁhfgéhoid’levgl

L T w, Tud

i - vt

LI .

!
i

Certain costs resulting from noise, congestion, dirt and. foul air

are associated with the benefits of the compact- habitation afforded by

urban areas.

7.71
7.72
7.73
7.74

7.75

Imposition of external diseconomies , , ..., C i

Environmental perception

@

Social psychology

Aesthetic preferences

Areas of Problems:

(1) Transportation

(2) Housing - slums



(3) Local governments

(4) Utilities

7.8 1Indicators of Rural Development

7.81 Highways
(1) 1Increasing volume of traffic
(2) Increasing number of cars
(3) Increasing demand for services
(4) 1Increasing number of structures required
7.82 Mining
(1) TUbiguitous
(a) Sand and gravel pits; clay pits
(b) Limestone quarries
(2) Strip mining - coal, wminerals
(3) Hard-rock mining
7.83 Wildlife, Hunting,Fishing
7.84 Streams and Reservoirs
(1) Aestheitc value
(2) Recreational value
7.85 '"Natural' Areas
(1) Wilderness - parks

(2) Seashores - beaches



| |
PESTICIDE POLLUTION

Land Treated with Insecticides in the 48 Contiguous States, 1962

Total acres Per cent
Type of land (millioms) treated
Urban or built-up 53 28
Cropland and cropland pasture 457. 15
Fruits, nuts 3 80
Cotton 16 75
Vegetables 4 50
Grains 217 15
All other 217 9
Desert, swamp, dunes, and
wildland 77 3.2
Forest 640 .28
Grassland 630 25
Other 78 -
Total - 48 states 1,935 4,6




7.9 Tradd offs
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THure is an exchange of productlbﬁ vs. pollution affecting environmental
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problems and their measurement,

Urban

Smoke
Smog

sRural

‘

N ,Agr;cultural Chem1ca1
. : ‘Erosion’

Noxse
Odor

- Aw L

kFloodLng

*Congestlon b

Jéb Opportunltles
ngh income .
Better education
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7 10 Env1ronmenta1 Impact*Statements
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Oon May 2, 1973, the Council on En-
vi;onmental Quahty publicshed in the
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et ronmentol rmnnet
wits Pursuand te the Nauona
Act «(F L Si-10J,
aud DTheculve
, wil reuaeral

, and ¢stanlizhe-
o predore sucn swate-
L e pioposils
tiyer nuor Foederal

M anarttign o0

tons » antly effecinz tre quality

ol tne nu. sieiencnt The aut or-

ity for the Councils ~ s set
A -

+
{2.th badovw i ¢ 1.
1003 to 2 mnslementod
set foirtn oelow in 15
Tre Cownell recened namerous come-
meonis on 1ts proposed gtdeolines fiom
éaviromnentul Mot Iegerasl, State,
a>d local azencics, mauestry. and piwvate
aiwaarcunls Teo peneral themes weie
prescaied 1 the mmworpey of Loe come-
Lo Coxnen theuld imcicase
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hiehit ol the specific comments relating
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mot

*58 Ted. Reg. 20550-20562, August 1, 1973, . . -

to thewe general themes, as well as other
couimeats recened, and are now btewng
issacd in Ainal form

T.e gecelues will eunearinth
of Yecoral Moz v tiens .
ter V, at 211t 1500 Thev are
fcd, m pail Lecaule taev &
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See.
15001 Du-p2se and euthority.
1560 2 Polwcy.
15093 Aol and OB procadures
15074 Fe:icral acenc oz o tiussd; effect of
tne act O enisung ngency nan-
dates
15005 Tvpes of actiong cosvered by thie act.
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1500 12 Lerislative actions.

v

agencies and thie public 1in commenting

1500 13 Application fof sections'102(2) (C) L on' ‘statemeiils prcp.ucd Aanaer. tiese
-{t g ‘procedure rto, exlsilng  projects v pyid ‘ellnes. L e re e
and programs. . L . . qeiant LY
1500 14 Suppltementary guldelines; cvalur.-., (}?) P”‘“‘,m‘" to Sf‘c“m" 20:(3) of the
tiou of procedures. oo Act the Jouliei on Envitonmental Qual-
sec E I S 1ty thareafter “the Council™ is assimed

Appondl\ I Summary to nccomp..uy dru.tb
and final statemeuts. v

Appe: Wdix U Areas ot cnvlronmnnt'\l im-
puct and Iederal debncles nadiredzin Staty
aeactes with jartadiction by law os spectal
erpertice to comrrent thoeont  * L v 2

Appendix III Otices within Federal agen-
cies and 1Ld;ml SSLAe BLcLes for nnorina-
tion rcf'ard ug the nf'cnc.es NEPA axtvities
and  for rccchm" other n:cncicf' impact
statemé j for ‘which® comments are
requested.”™ - :

Anpn-udlv IV State and locd agency review
of mlp'u.t ‘statem ents. .

ALTX'OPH‘\" ! :‘n.tloml Environmental Act,

(P L. 91d109,%42 Us.cC. 43’1 et soq.) and:
Exec\xtucc der 1154,

v

§ 1500. l s Purpoﬂe and .unhorn\.

()i -This-diréctive provides guidelines’
to Federal departmensts, agencies. and
establisiiments. for “prepanng. detasied.
environumental St’ltc"’lc.lw on plOi:Ob’llS
for legisiation and other'major Fedarel
actions <iznficantly affesting tae qualitys
of the:human eavironment as tequired.oy
section; 16221y of tne Nat.onzl En-
vironmental (Policy Act (P.L. 91-150, 42

U.S.C. 4321 et .seq.) - thereafter “tne
Act”), Underly:ng; the preparation.of:

such ,environrnental., SIIAZCH’.OD[: iz the
ma:zu.ur* of be.uiittie Act-and Txocuinveg

"the duty and funcuonsol-reviewms and
sapprusing the prozrams and .activities
rof Lhc F cdeml Government, in the'light
C ol Ll Ac's puney. {av the purpose of de-

tetmining the estent to which sach pro-

prams ond agiuvles arecontneuting o
“the. aénievement of such.-policy, and' to

make recomnieliygativns toftae President

with respect: tnercto Section 102(2) (B)

~ofthie Act ditecis all Federalagencics to

) xdcmuy anc. develc) ...eu.ou;a and pro-
v\.th ther Coun- :

ceduns in' Cuu.)...t.....c
¢l to. n»ure,“m' u thn\.ulbd cmxron-
mem\.l values Be given ap; >romnte con-
sicdration in decis.onm \' az along witl
ecenomic. and teciieal cummnmt ons;
rsection, 18572 (C) of the Act d récts.that
coptes of all envirotunentali unpact state-

‘ments ce iued \.u.x i Council; and sec-

tion’ 10242, LD d.re s ail Feceral ares’

¢.c3.1o asslst the Counleil in the periorm-
ance. of its functicns, These .provisions
h’l‘.e been sun Alementad m seetions .'Zlh)

cand' () of L_\.-’Lu:;w ‘Orcer 11514 by dx-

reclions that r.ur" Cuuna:lassue gwde-’
I.nn_s to Feduwral’ agencies for prepara-
‘tion' of environmental tmpact statements’
and cuch other ppstiuciions to aser w]cies’

and requests for réports and’ nno'"n:.- ‘_

tiery as nmoy be reginre d to'carry oud the

Omexj 11514+(35 TR 232T)..0f March. 5, Councii's res Jons.oLies under the Act,’

1970, that all Federal a"uncws RO IR AIN:]
fuliest extens poss.hie, direct the:r poli-
cies, plans and programs to prou.ct,.and
ennance .enviionmental quauty: Agzen-
cles are required. to view hur ‘actions in
a4 manner calcuiated to encourate pro-
ductive and enjoyable harmony between
man and his environment, to promote’ .
ciforts prc: enting or enmmating damage
to theenvironment-and. biosphiere and
stimulating the health- and welfare of..
man,. and to: enrich the- understanding-
of the ecolozical systems and natural re~
sources important to the Nat.on.. Tne
objective of sect:on 102¢2) (Cy of thie Act
and-of'th c:c gudreunes 1s to asst:t agen- .
c1es in xrmlcmcnt"w theze policico, This
requl n. a"cncxe -0 buwid into th Cir (.r‘-
craonmaking’ Dlu\.(‘n. bc;:mmn:,' as the
catlient (iof SEbie phng, an .1{)1)'0()11'[0
and carcfuliconseliration of the enti-
rommental.akpects of mopored action
order that adverse-envirennmcental effecss’
may.be avoded cr mimumizad and envi-
ronmental quality previoucly lost may e
restored. This directive also poovides
guldance to Federal, State, and local.

-~

§1500.8 (‘rml(nl of cnnronmcm.ﬂ

kl.ll(‘nu.nl:. .

' (a) The x'fol""\m
"covercd: ot
(1 A.doe
tica. a2 s :\t
dc C1IPT.oN0. o. the eavironment, ..ﬂ'octgd.,
nel z wifoimatic uwinncary’ teche
"-I aata, und meps add diagrams wheve,
Wi, adequaie to ::1....L am Asee5Sm
ment of ‘priential en.'..x"‘}"‘“‘\t -1
b, comme g 2",’,!. \.Ea and the pub‘u.
Iiirhiy techinal spouaioed anal-
“yees and data
Bedv ol tied: 2.8t impaet siatenmntiSucty
r*'-'“'x'ls\ Whould ba ot ‘.n\l aSr ::;;-
pontices or
™ g' 0 '| \ﬁ\]' o~ !n'
aphiuaadne 1 Ql- e "_
Joninend ol* Ui -1t
proe” o '1' WAL in-iuang
other Yoderal ‘._v.....u.s m thg area at='
Icclcd bv an propesed’ actién which-are:
1c-r‘1od ‘0 e"w'm:J»n;’. wrtan. Tne m-
tcr'(mt‘o it and‘m mula ativésenyviron-
e nbal’ 1...)..-'“ ol taw ...«.,:f.cd wehion
.'md other pelatad Fedesul r;:mr oin shall
Lé pee e i tie rtcuanont. THE
araount of delnr.l prov xdcf' in such de-
sernsLons shouid be commensurate “with
the eatent and expecied uap.ct of the

of the propo<ed 'ac-
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or detalls of tne proposed aciion which
would present different environmental
fmpacts (e g, croling pouds vs. cocoling
towers for 4 pewet plant or witernatives
that w.ll sirmificantly conseryve euergy) ;
allernative measuies to provide for com-
pen<ation of fish and wildhile losses, 1n-
cluding the acquas.tion of land, waters,
and mteiests theremy In each case, the
analvais shoula be sufiicicntly detatled to
1cveal the agencey’s comparative evalua-
tion of the envirommental benefits, costs
and ri-k< of the preposed action and each
1eazonable alternative, Where on cnist-
e mpact stitement aheady contains
such an analysis, 1ts treatment cf alter-
naives may be ncorporated provided
that sdch treatment 1s current and rele-
vant to the precise purpose of the pro-
posed action.

(5 ) Ary probable adverse enyhonmen-
tal ¢.lects wihuch cannot be aveo.ded wsuch
as water or auw poilution, undesirable
land use patterns, camage to life sis-
tenis, uloan congesiion, thieats to health
or ouler conseguences advelse to tue en-
viiotenental geals szt out 1 section 101
(u) of the Acty. Tnis should be & bunwel
srction summmaornizing in onxe place taose
edects discusacd n paragiapn (a3 of
tns soctionn taat are adscrse and un<
av oo i unGel e Ppropossa atluon n-
¢l ied for puiveies of eontrast chould
be 2 clear statenmcnt of how olaer avcia-
able acverse €iiccts discuiscd 1 poras
goaph (&) (2) of this section will be matd-
gated. .

(3) The relationship between local

sheri-teinl uses of man’s enyviranmcns:
and the mointenance and enhancement
of loag-torm procuctivity, 'Thls £2i0

should contnin a bricf crecussion of the
extent to woilcl the proposed action ui-
volies tradeoils betwreen shori-term en-
vironmental pans at the expense ol long-
terin losses, .or Vice versd, ana 4o Glscus-
<1on of the extent to waich the proposed
acuion 1orecic:es future opticns In thes
context short-tenm and long-tenm do not
1efer to any fived time pe1.cas, but
shonld be viewcd snternns of tne einviton-
menially Liauloanl Lonscguences of tac
piop.osed action

(7T Any nprevasible and arretuevable
commitments of resources that would be
mvolied 1in the propored action <hould it
e naplementod s reguunes  the
archiey to kbenGiy from il sy of une-
avoldable inpacts 1In patagiapll ) (3)
of U rection the owienl to winen the
action ureversibly curlids the range of
nolential uces of the envionment Agen-
cies shd avoua constiwng thie term
“resourees” to mean only the laber and

matertals devoted to an action., “Re-
sources’ ai-o mcans the natural and cul-
tural resources committed to loss or de-
struction bv the action.

(8) An ndication of what other in-
terests and considerations of IFederal
.policy are thouant to oflscg the adverse
ensuonmental efects ol tne proposed
action 1dentilied pursuant to paragraphs
(a) (3) and (3) of tnis scchion. The state-
ment should ai~o indicate thie extent to
which these stated countervarhing bene-
fits could be 1eahizea oy follo.inz rea-
sonable alicinatives to the propcsed ac-
tion {as :dentifled in paragraph (a) (4)
of this sectien) that would tvold some or
all of the advorse enmvironmental eflects.
In tnis connection, agencids that prepare
cosi-beneit analsces o7 proposed actions
should attach sucn analyscs, or sum-
maries thereof, to the environmental im-
pact statement, and should clearly indi-
cate the extent vo whica environmental
costs have not been refiected m such
analyses,

(b)y In developimg the above points
agencies shoula make every etort to con-
vey the recu.red ndormation succeinelly
in a foim ea.uy undersicod, hoth by
memoeers ol e puine ang by puole de-
cislonmakers, oning atentwon to the
suhsionce of thie nisrninlion coaveyed
ratnor tnan to tne pautticvlar form, or
ienztn, or detail of thie statcinent. Cach
of the aboveé poiats, for evnmple, need
not always occupy a aistinet section of

he siatament 10 1t 18 oliecize ade-
quately covered 1n descussing the impect
of tne propoecd pcticn and its ais

toes—v ok 1iems
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wrna-
chotld normaliv bha
the focus of the statermont Draft state-
ments should wmdictte at oppropriate
DPOsLS N the oAt ony wduiing stud-
ies, 1enorts, arc oo imieomaticn ob-
tamed 2rd conmidsved hy {2
prepaiiny ine stat
cost-benefit 25 Prepoares
a~encv. and reports of consa'ing anen-
cics under ,the T.-h ond e Co-
oicdinat.on Act 16 USC.€3i¢! g0y,
the' Nouonal Hi teriec Presemvaticn Ach
of 1400 16 USC 470 ctsza, v here such
COISulvie S 0N 10S t2I0N PInCe, i tile cose
ol documents not Loaly te o ennly ac-
cesaibic (sucn as wnternad studies or re-
pox'ﬂts), the agency should Indicate how
such informadon may bLe outated. I
such adormat.on thedded to tne
statemond, care shouid be token to en-
stre that the Satemieat Teana an es-
sentiahiv sell-contonied mstruiment, cap-
abie ol buitd undeiswood by the reader
w.thout e necd lor undue  oross
1cference.
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action, and with the amount of informa-
tion required ab the particular tevel of
dvcis.mmnr.m;: (planmayg,  feasibilily,
desizn, etel) . In order to cnsure accnrnte
aeserntptions and environmantal assc<s-
nents, site vizits should be made wnere
feasible. Agencies shoukd ai-o take care to
idont dy, as oTopriote. penulat.on and
growth chn'-‘rtvrzsucs of the aliected
arca and any sopulotion ard srovsin as-
sunplions used to justify the project or
program or to Geterinunie secondd; ¥ popu-
lation ’and growth impacts resulting from
tiie propeeed action and its alteimatives
(sce paragtarh @D 2w, of uns
secticn): In d.rtucsing thece population
aspects, azencies <hm..d Sive courladro-
tien to using the ratos of growin in tne
reqicn of the project contaired m the
projection ccrmpiied f{or t.e Water Re-
sources Council by the Bureau of Eco-
rnonuc Analisis of the Department of
Commerce and the Economuc Re:zearch
Service of the Denartment of Agricul-
ture tthe "ODZA3’ project.ony, In any
event it is essc.*.z al thes the souices of
data used to identify, quontifly or evalu-
ate any and '111 envirennmental conse-
quences te expressly noted.

(2) The rciationsuip of the vroposed
acl:on Lo iwuu usze pians, pohiies, and
couirols for the atfected avea. Tnis re-
guires a diseussion of how the proposed
actionn may coxaform or conllict with the
oblectives and specids terms of anproved
or proposed Federal, State, and local
land use pians, poitcies, and centrols, i
any, for the arza afected including those
developed in response to the Clean Alr
Act or the Federal Water Pollution Con-
trol Act Amendments of 1972. Where a
confiict or inconsistency exists, the state-
ment should deseribe the extent to which
the agency has reconciled its proposed
action with the plan, policy or control,
and the reasons wny the agency has de-
cided to preceed notawithstanding the ab-
sence of full reconciliation.

(3) The probab'e impact of the pro-
posed action on the environment.

(1) This requires agenciecs to assess the
positive and negative effects of the pro-
posed action as 1t affects both the na-
tional and international’ environment.
The attention ziven to different environ-
mental factors will vary according to the
natute, scale, and location of proposed
actions. Among factors to consider should
he the potential eiiéct of “the action on
such a.peccts of the environment as those
Iisted in Appendix IT of these guidelines.
Primary attention should be given in the
statement to discussing those factors

ai

"most evidehtly impacted by the proposed

action.

(1 Secondary or indirect, as well as
prunaty or cirect, consequences for the
envitoninent shiould be included in tho
analysro, Many miagor Fedetal actions, in
particular those that mvolve the con-
stivuction or licen<ing of infrastructure
mvestments (e g, haghways, aiiports,
sewer svstems, water resource projects,
ele.), stimulate or mduce seconday ef-
feets in the foim of as.ociated invest-
ments and changed patterns of socual
and cconomie acteities, Such secondary
effects, through their impacts on existing
community facilitics and activities,
hroush mducnir new factlties and ac-
tivitics, or Lhrou'.;n chianges i natura
con&itions, niay olien Le even mole sub-

stantial than the prinuay effects of the
ot..;mnl acton 1tself. For example, the
ewc2cts of thie pronesad action on popula-
tion and giowth may te among the more
sicnificant secondary effects. Such popu-
latien and growth impnacts should be es-

timated if exrected to be simmificant
(u g data wlent:iZed as indicated in
§ 1500.8 ) (1)) and an assessment made
of the elect of any pos:itie change in
population patterns or growth upon the
rcsou“ce base, mcluding land use, water,

nd pubtlic services, of area in
qucstlon.

(4) Alternatives to the proposed ac-
tion, including, wliere relevant, those not
within the existing authonty of the re
sponsible -azeney. (Section 102¢2) (D) ot'
the Act requires the respons:cle agency
to “ctudy, develop and describe appro-
priate ailternatives to recommended
courses of action 1n any proposal which
involves unresoived contlicts concermung
alternc.tive usces of avaulaile resources™),
A rnigorous expleration and objective
evaluation of the environmental impacts
of all reasonable alternative actions, par-
ticuiarly those that mignt enhance en-
vironmental quality or avoid some or all
of the adverse environinental effects, is
essential. Sufficient analysis of such al-
ternatives and their envurenmental ene-
fits, costs and risks should accompany
the proposed action through the agency
review process 1n order not to forcclose
prematurely options which migat en-
hance envircnmental quality or have less
detrnmental efiects. Examples of such al-
ternatives include: the alternative of
taking no action or af postponing aclion
pending further study; aiternatives re-
qu.ring actions of a sig mﬂc:mt.ly difier-
ent nature which weuld provide sinular
benefits with difierent environuncntal im-
pacts (e g., nonstructural alternatives (o
flood control proprams, or mass transib
alternatives to highway construction);
alternatives related to diffcrent deslgns

he



(¢) Each environmental statement
should be prepared in accordance with
thic procept 1 section 12SrcAvr-of the
Act that all arencies of the Ilederal Gov-
ernment "uliiie a ovdematie, interdis-
c:iplinary approach which willinsure the
interrated usc of the natumal and social
saiences and the envuonmental desiTn
m plummy and ecclsionmatung
which may have an unpact on man’'s
envronnicat,” Azencies snould avtenipt
to have relevant divaiplines represented
on their owil stails; wnaie this is not fca-
sible t‘lcy should make appropriate use
of vcievant ‘Foderal, S.ate, and local
acencies or the proless.onal ceivices of
side coprsvitonts, The
mte:c..: fiplinnry adoreachy shiould not be
Lruted to the preparat.en of the en-
sronnienta impoet  statemend, but
should also be used 1n the eurly plan-
mng stages of the propoced action. Early

roucanon of such an approach should

1eip assure a systematic evaluation of
ressonatie altiima.ve courses of action
and tozir peteniial sceriad, econemic, a,.‘d
envirolumeaicl conzequences.

(d) aAppendix I p:'r:w.mes the fo 'm of
the summa.y shoet whicli should accom-
pany cicu arot and final envivvanienial
st;q:)emenc. ’ '

QL.

§ 15C3. Roncw of draft environmental
~mh nmients br Federal, Federai-State,
State, and local agendies and by the
public.

{a) Fedéral agency retview.

-1 1
general, A Daderal

an ax::’.oq requaing an environmental
statement showld consult with, and (on
the basis of a draft environmenial state-
mend for which the agcney taxes re-
sponsihility) oblain the comment en the
anvironmeantal 1moﬂct of the action of
Federal and Federal-State agencles with
,1uv"‘c‘1c..cx1 by law ox' special expertiso
th respect to any ennronmental im-
pact involved. ""'nesc Federal and Fed-
ercl-State agencies and thenr relevant
areas of experuse include those Adcnu-
fied In .Ap,:cvchces II“and 1T to thes
gaidelines. T4 1s recommended that the
h?fed departments and auencies estab-
Lish contact po.nts, which may be re-
g.onal offices, for providing ccmments on
the environmental statements, 'Thi¢ re-
quremecnt in scttion 102D (C) to ob-
tain r').‘lmeno 1ema Boderal arcncies
naving Jurx diction or specinl expertise
is5 1n ndd.r on to aLy specifie ‘statutory
oblization of any Fderal agency te co-
oruinale or cmu.ult withh any othier J'ed-
eral or State agency. Arencies shouid,
for exumple, be aleit to consultation re-
quirements of the Fish and Wudiife Co-

(1) In 2

agoney concidering

ordination Aet, 16 U.S.C_ 661 et seq., and
tho'National IListeric Preservation Act
cf 19 6,16 U.S C. 470 et seq. To the cx-

Lcnc' ])OR“JDIC, statements or tindings

conrerning cvwironmcnnl impact re-
quired by other statutes, siich as scction

4(f) of the Denartment of Transporta-

tion Act of '1966, 49 U.S.C. 1653([), or

sectionn 106 of . the National Iiistorie

Preservation’ Act of 1966, shiould be come

bned with commitance with-the environ- |
mental unpact statement requireiments
ol sceulon 102122 (C) or the Act to yield
a single document which meets: -all
avplicavle reouzements. The .\dvmmy
Council on iistoric Preservaticn, the
Degortment of Transportat:on, and the
Denartmentof the Intencer, 1n consulta-
tien with thie Council, wiil 1<sue any nec-
essary’ supplemeniaig nsiructions for
furnisming formauon or fndings not
fortheonung -under the environmental
mpacs statement process.

(b FPA' revicn. Section 309 of the
Clean Air Act, as, amendad (42 USC.
§ lualﬂ—'l-)',“])l'o'-i’jﬁ'a that the Admunis-

. t:':-.:cr of the @Znvironmental Protect.on

Ageney shall conumient in writing on the
cvironmental wmpact of any macter re~
lating to-his duties ‘snd respons:oniiiles,
and shall rcier to the Council any mate
ter that the Adm "<t:':*.b07' cdetermines 1s
unsatisfactory fram the stancpomnt of
public nealia or wellare o* em;roxmxen-
ta’n quality., Accora:ingly, wherever an
senty ackon raated to a:r cv vater
ualiiy, noise abnaiement and control,
rc' sucide ”rgp;:!..uo.., csolid waste curposal,
sen vally apnlicasie eny ronmental ra-
dnt:on eritena and standards, or other
m,ovmon of the authionity ¢f the Admine
1strator 15 involved, Federal agenc:es are
requived bo submit such proposed ac-
tp..a and ‘their environmental impact
statemen:s. :if such have been prepared,
to, the Administrator for review’ and
comment in writing. In all cases where
EPA determines that proposed agency
acuon is environmentally unsatisiacs
tory, or where EPA determines that an
er;' 1wonmehnt al stutement is so inade-
ale that eich a dn’-:.rr. ation.cannot
be mﬁdc EPA saill ')umxch its determie
n“unn and notdy the Couacii as’'soon as
,)1,acucm>1f- Tne Admmrstrator’'s coms
meants shall constitute his commcents for
the pux;msos of bLoth section 309 of the
Staan Anr'lAct and snction 162¢2)(C) of
the N':monﬂl Environmental Policy Act,

"f ) SL'}LC and leecal review. Office of
Mo n""CI‘.}C.u, and budget Circular No,
A-95 (Revised) throuah iis sysiem of
State an&l areawide cliannghouses nro-
\"”Ca a means for securnig the views of




Enviromentel Impacts

Ecological Environmental Asthetic Social

Fauna
Wild Life Aquatic - Resource Visual Historicn!

Fish, Fowl

Animals Pollufion Level QOdors Cultural

Reversible Domestic Life Air - Rescurce Structures Life Patterns
Antmal Foced Level
Florc! Noise Health
Solid Waste

Crops Level Land Use

Natural Vegetation

Scttlemant Poiterns

Noise

Non-
Reversible

Extinct Species

Land Use

i

Historical
Monuments

Enviromentai Consequences



Economic

Technology:

3
i

Soc:o ~Demographic
Environmental

i

¢

Pp“ﬁCo_l

R)codings

Economics Of |. .Enginecering: Environmenfd! ‘lmpacr§ Present Policy - .
Short - 1 Current-Tech- - ‘Process Defi- [ : e | Lo - Shori-Tem
< s o » . i t NN -
Term | .| nology; Resour™] " “nation A”owable l.evefs State 5 i Evaluation
o ces,:Social . ; P Local Lo ’
! o . Pl
Lot Goals Costs o - Federal :
« . B R ~ P t . - -~ .
T : s ‘ tE . : .
" ¥ - IRe - - \ ‘t g [!\_
1 - « 4 i bt - - 1 ] 1
: R e Ve :
E : ' ' N . 5 ¥ Tey - "o ! ; 1 1,
.. i} Resource Uf:--I Technolog al Long Ten'ﬁ,, ., .| Géal | Future Policy- v
Lon A llzohon - Chcn e ; Irreversable <. - ' — i~ Long-Term
o 9 : " 'g ¢ g
Term - ' P SR : Effect ~ ' - R ,Responsxve- ) Effects
) , \ v . > » o2 ) - ' a
i1 Recycle .. Alternatives! " P L 4. Insti, ruhoncl b= e
b - . - ¢ . - .
) Z - Conservation Arrangemenfs | Potentials
Alternatives” . | 7 Sink Exchanges ol S B ; ; § o
. : TR IS ‘ H RS S
Ry Ll ; Llfe Style P
“:‘ N 3 N St e 3 i . ;\ 3 ,,: X
o e e |7 ]
' ) ; ; ?eseorch and: Deve!oomenr "~ | Science and Public Policy i - )
3 . ;'v . . ) N \|‘ \' 1 2
y o [F - 3; . P S__7 Y :ﬁ."i_: F T..? . ) s . "\‘7““ 4_,.1 ‘:M . _‘g JA .‘_ A
0 N T . 1 Iz
o cr § IR PEE AL T ) [
. i H E i - g ; . ; - _ R L . —_ )
£ ’ S ‘Integrated System, L oo .
ANLT g 5 7 It ot 3 R N g 3 I
e i i 11 to . ) { ¥ § f i Yo Y
} ' H o IS U el B : j 4 - i : '
- - i ' e . [ : <7 ..
i L . [ ' - B
, oo \ .. o L - i
. \
: The Problem Realm
! i



—t
Ecclrgy

l AR A R A A T S AT P T A

240

————— e G e St ——

Environmental Pollution

Species and Populrtians

Terrestrial
{14) Browsers and grazers
{14} Crops
(14} Natural vegetation
{14) Pest species
{14) Upland game binds

Aquatic
{14) Commercial fisheries
{14) Na.ural vegetation
{14) Pest species
{14) Sport fish

{14} Waterfowl
140

Habitats and Communities

Terresisial .
(12) Focd web index
(12) Land use
{12} Rarc and endangered
- .- - == species
{14) Species dnersity

Aauatic
{12) Food web rdex
{12} Rare and endangered
spectes
{12} River charactenstics

(14} Species dnersity
I 100

Ecosvstemns

Descriptive only

402

Water PoHulioL\

{25) BOD
{31} Dissolved oxyge
(18) Fecal coliforms

{16} Pesucides

{18} pH

(28) Stream flow var
(28) Temperature

(20} Turbidity

{20} Buasin hydrologic 1oss

(22} 1Inorganic carbon
{25} Inorganic nitrogen
|| (28) !norginic phosphate

(25) Total dissolved solids
{14) Toxic substences

n

1ation

318

Air Pollution

(5) Hydrocarkons
(10) Nitrogen oxides

(10} Sulfur oxides
{5) Other

{5} Carbon monox:ide

(12} —Particutate matter
(5) Photochemical oxidants

[52]

Land Pollution

{14) Land use
{14} Sod erosion

[28]

Noise Pollution

L_T {4) Noise

Estheucs | 193

Land

(6) Geologqic surface material

{16} Rchef and topographic
character

{10} Width and alignment

[32]

Educational/Seienuf.c Packeoes

(13} Archeuics ca
(13} ccolrz.cal
(11) G:oo'zaical
(11) Hy.-oltg cal

[z

Air
{3} Odor ang visual
{2) Sounds .
l 5
" Water

{10) Appearance of water

(16} Land and water interface

{6} Odor ard flna:.mg
materials

(10} Water surface arex

{10} Wooded and geologic

shoreline -y

[52]

Historicai Packages

(11) Architccture and styler
(11) Esents

{11} Persons

{11) Religons and cuitures
{11} "\.estern Freater”

_Cultures

{14) lreliang
(7} Qther etnniz g oups

{7) Rz2hijimus groups =

3
ry

Biota

(5)  Anmmals — domestc
(5}  Anumsls — aild

{9) Dwersity of vegetation types

{5) Vanety vithin veqetat.on
types

%]

Mood/Atmcinlizre
(V1) AL mpof un
{(11) Isolet on scatide
{4) sty

(11) “Onraiss™ with nature l,__
27

Man-made Chjecis

(10; Man made co;ecis

Compeosit.on
{75} Cor~pasae cfioct

f15) Un t.ecn munton

Life Putierns

{13, L. oymentonnoriunities
1313) Housing }
{11} Socal interactions




ECONOMIC INDICES = __ . . ___SOCIAL INDICES .. __  |DEMCGRAPHIC INDICES
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Priorities listed from first to-eighth -in arabic numbers to indicate present priorities, and in
Roman numbers to indicate future priorities.




Chapter 8

POPULATION MODEL

The basic ingredient of any plan is people. Population forecasting
is primarily a matter of judgement. Population and its composition deter-

mine the economic status and future demands and needs.

8.1 Methods of Population Projections

8.11 Disaggregation - based on the national projections of the
Bureau of Census., National-ﬁopulation is disaggregated to the
region or urban area.

8.12 Cohort-survival - analyzes the population by age, sex, race,
occupation, income, etc., measures the capacity of the existing p
population resource to grow through natural increase and net
migration

! J

8.13 Migration and natural increase - simpler, involves an analysis
of only two components. Provides estimates only for the total
population,

8.14 Future employment

8.15 Mathematical and graphical extrapolation - arithmetic and

geometric projections, trend extrapolation by least squares

method; logistic curves.



8.2 Basic Assumptions

(1) The form of government and the political, economic and social

organization and institutions of the nation will remain’substan;ially

N
i

7 Tae

uncﬁahged.

>

(2) No all-out war, internal revoiutioﬁ; nation-wide devastation,
epidémic or other disaster will occur. 4 j

(é) ﬁo lafge ?ggle epidemic, destruction by‘military action, fire,
earthqdake or other disaster will occur in thé:afeahof within the geographical

or economic region to which the area is closely related.

8.3 DMigration - ‘
Bl ’ i :
8.31 Reasons for migration
H It

(L Desi;e,fbr better economic opportunity; .

(2) Attraction of milder or more suitable climates;

a
¥}

(3) Desire for better living or housing conditions;

( 1 ¢

(4) Movements due to health,education or retirement.

3 ‘

8.32 Methods of estimation (Bureau of the Census)

f

(1) Method I uses the‘tbtal,change‘in the elementary school

t

enrollment from the last census date to the current date, talken

date enrollment, as a rough indi-

i i

ag a pchentage of the census
cation of net migration‘occurréng during this period.

(2) Metﬁod II develops an estimate of the enrollment based on
natural increase along with the difference between the hypothe-

tical and -actuali enrollment of grades 2-8 being used as an estima-

tion of net migration.



S.4 Emplovment and Income Forecasts

8.41

8.42

Emp loyment
Used in population studies, estimating space needs for residential
areas and community facilities. It also provides a direcct measure
for scaling land requirements for industrial and commercial areas.
8.411 Methods
| (1) Use of input-output’techﬁique which uses a matrix of
inter-industry relationéhips,?to show the changes in all
industrial categories as a reéult of the change in any one
category.
(2) Step down procedure.
Income :
Income forecasts are necessary for two purposes as follows.
(1) Housing market analyses - this has application in land use
plenning in providing a guide for es%ablishing the amounts of
underdeveloped and redeveloped land allocated to different resi-
dential densities.
{(2) Land requirements of commercia1 uses - income is translated
into expendible income, to sales and then to floor space.
8.421 Methods
\ (1) At the national level, total personal income 1is
‘ compared to GNP and the growth rate is projected based on
the trend of the GNP. This clan then be disaggregated to
g per capita income and houschold income.
(2) 1Income can be built up from the forecast of the labor

force, occupation,



8.5 The Model (Rcig's Population Model) . |
Two methods of population forecasting werélpsed to produce the popula-
tion modél. (See Figure 8.1) |
8.51 th Disaggregation Model
The disaggregation model is based on:the national projections of
the Bureau of Census which has several assumptions concerning the
various p0pu1ati§n characteristics aéxa base. The national popula=-
tion is .then disaggregated to the region, state, county, urban
cluster, etc, which is under,séudyl The disproportionafe change
(of the region, etc.), eithér growth or loss, is determined,bf
using weighing factors that.are based on policy decisions. These
facdtors have the references tngrdwth.standarQS, indices and poten=-
tials incorporated within t:hems:_ei;/e:s.l‘I The technique used is essen-
tially\basedron th;'dgcowpositibﬁ‘9ffthe~resourges*capability,
past, present andvfuture;”The,Ectiéﬂs an?lseﬁé;ior of»people
constitﬁmé the~resogfce§ in’this éontext. _ A
The’stafiséical region&pOpuldfibn is 'then allocéfed to the

i

StandérdlMetrOpolitaﬁ Statistical Areas in the region. A
step~-down téchniqueibésed\on past perform;ncekof.the current

SMSA's in the regioéAis‘used as the‘basiclapproach. 'The popula-
tion of the nation is disaggregaéed,to a region 'and then distributed
by this step-down procedure toia p;tficular urban cluster while
the balance with other urban clusters is being examined.

The step~down procedure is also a decision level process during

which sets of alternative goals are presented to the decision



Figure 8.1.

The

Population Model
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The Cohort-Survival
Method
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"8.52

8.53

‘Cohort -‘Survival Model

maker. These goals are expressed in terms of the quantity
and types of people who could reside in an urban cluster at.some

future time,

'

b~

The purpose of the cohort - survival portion of the model is to

EO

analyze the population of the urban cluster by age, sex and race
groups, occupation groups, industrial groups and income groups, and

to measure the capacity of the existing population resource t9
1 | ,‘ )
grow through natural increase and net migration. This would esti=

mate grqwth'if all past trendsucontipued and no one '"tinkered with
the works'". The model of tﬂe probable world provides a compari-
son base.

The cohort - survival method of forecasting population is widely
accepted for large areas. This method requires considerable

data, although this data islreadily available from the U, S. Census

of Population and other sources,

Comparison of the.two methods '

Comparing the cohort - survival method and the disaggregation

technique, the former projects forward the characteristics of
! N ' I 1
the existing population and provides a more refined projection of

age structure characteristics in that the method ages the popula=
Y B f ' ! .
tion. The latter, the disaggregation technique, results in an
\I N s ! '

examination of 'the deveIOpmenﬁ'of the total population potential
' 1 i ; v '

at each five-year interval. However, by combining the two methods

I -
! b

a more balanced projection of characteristics and distribution is

obtained.



8.54 Printouts of Model
Printouts of the population projections by five-year increments
are listed according to sex, age, race; household and labor force

by income, population by occupation, and labor force by industry.

N



) GEOGRAPHIC AREA  :
—V}iodcl - " ‘ :
Geographic (P : ’
Avea - =0 TMAPC Arca Used * - . i
1.‘)Nation 50 states, District of.Columbia, and Puerto Rico
2. . Reglon v . _ Bureau ofLCendus West South Central region (Arkansas, .
» Loulsianag kaahoma, and TeXaS)"l
3. Cluster Indian Vatxons Council of Governments (Creck, Osage,
Rogers, Tulsa xand Jagoner Countles)
(4) Special a. ’Each 1nd1vidua1 county, SWSA and the Metropolxtan
Area  (Tulsa County and the flVP mlle perimeter)
b, Cities and towns''inithe hetropolltan Ares (Bixby,
(] 5 .vBroken:Arrow,. Collinsvilley “Glénpdol, ‘Jenks,
! [ . .Owasso, Sand Springs, Skiatook,- Sperry,~and -Tulsa)
IO gl ‘1) . 4 ,‘u‘ _5\.\

-3 FARE R t N . . - ;
il
A W e A e R c et T N
POPULATION CHARACTERISTICS . .-, =a;=: )
Code e Racé and Sex'+ v 3l ooy
[ENAE VT R . b , & on aaa. TXY )
1 UhLLC Male ISP
2 <L wnlLC’ chalc VL R ! . &
) . Non-White.Male:, . ;.
N . .}.» . . Non-White JFemale




AGE GROUPS

Code Age
1 0~ 4
2 5-9
3 10 -~ 14
4 15 - 19
5 20 - 24
6 25 - 29
7 30 - 34
8 35 - 39
9 40 - 44
10 45 - 49
11 50 - 54
12 55 - 59
13 60 - 64
14 65 - 69
15 -70 - 74
16 75 - 79
17 80 - 84
18 85 over
OCCUPATION
(1960 U. S. Census definitions fo% first five groups)
Code Occupations
R
1 Professional, technical, jand kindred workers
2 Managers, officials, anddproprletorb, except
farm : 5
3 Clerical and kindred workers
4 Sales workers N
5 Farmers and farm managers
6 Farm laborers and farm foremen
7 Skilled laborers, craftsmen, foremen, and
kindred workers
8 Operators and kindred vor'kers
9 Private houschold workers
10 Service workers excoept p%ivatc houschold
11 Laborers, exc¢ept fanmn and mine
12 Uncuployed, but employ1bio
13 Unemployed, not (mnloyabl(-—chxldrcn, students,
hoGsewives, clderly, and “disabled
14 ~ Armed Forces )




INDUSTRY

(Stﬁndard Induvtrinl Classifidatidn Manal dcfinitions)

TN YL, . wt

‘Code o Industries -
1 - Agriculture, forestry, and fisheries PR
2 Mining : ; S
3 Contract constructlon !
4 Manutacturlng ‘ i ' oo UBLT
5 Transportation, communication, electric, gas

. and sanitary servxces : RS

6 Wholesale and retail ttade .
7 Tinance, insurance, and real estate.. = 37."
-8 " Services

9 .Government
10

Non-Classifiable

‘LABOR FORCE INCOME
4

— - P N L

Code Incomexbmoupf
| nder‘ $ 1,000
L2, $ 1,000 = 1,999 978 -
3 2,000 = 2,599 . _ i
4 3,000 = 3,999 , .
5 4,000 479997 ° e
6 5,000 ¥+ 5,999
7 6,000 - '6;999
8 7,000 - 7,999
9 8,000 - 8,999
* .10 9,000 - 9,999
11 10,000 = 10,999 - . . .
12 ' 11,000 - 11,999 '
13 . 12,000 r 12,099, .
14 13,000 - 13,999 .
15 l&jOOOi- 14,999, 5050 - 1L
16 155,000 = 191999
17. .20.,000 = .24.,999
18 125,000 - 49,999
19 50,2000 =~ «ovcr



DISAGGREGATION FUNCTION REGRESSION EQUATIONS (for F-value)

2t ol it Mo e & —rr— — e s

,~—-;cn5itx People/sq. mi. % ;f N values are accounted f;r

y = 0.466 t - 864.89 R? = .98 @

y = 0.386 t - 718.3 , % = 99 P
Land acre/pop

y = -.123t + 260 | R? = .99

y = .023t + 61.95 R? = .99
water gal/cap/day

y ==.67t + 272 _ R = .99

y = .043t - 27.48 R? = .99
Energy BTU/lO2 pop

v = 2.5¢ - 4600 2?2 = .og

y = 9.Zc - 17600 ©ORY = 99
Urbanization percentage X lO-2

y = 0045t - 8 ., R2 = ,98

y = .0087§t - }6.5 R2 = ,99
Income $/capita/yr.

y = 66.85t ~ 128797 R2 = .99

y = 56.05t - 108066 r% = .98

a. National'
b. Regional



'

METHOD TO DETERMINE Fl

I

B .
Shows schematlcally how the new reglonal values were derived.
.l

:

T .t : ' N

,]f N .
N _ .
'\a
| . ] |
i ]
i; L ]
Y ot
* .
N . © ° 0
¥]
o
4 |
[ . ‘4
¥ N
o S P Co o N I
g5
- e o , Saato | “,\J
R -5 = = § W <
, : '1960 AP 2020° e
' RS BN PR

TIMET

~ . oL H
1

N = The nation curve “N'" is cons1dered to be based on static trends. It
is pro;ected by five-year increments from the period 1960 to 2020

The equation used is the linear equatlon (y = at+B) deveIOped in the
first’ ‘phase.

R = The regibnal equation "R" is dotted to show its relative value if
.projected. through time. - These values would exist 1f*th1ngs continued
as they have in 'the past. The ddshed line represents the dynamic
" (new) regional values. The equation of this line is determined, and
it also is evaluated by five-year increments from 1960 to 2020.\

The dynamic regional- value and the static national value are then Eombined
to form the dynamic Xi input values.



Solving the equation Fl

dynamic
produce

Fi's.,
the dynamic regional population cohorts.

6

0

the B values established for the region,

1D

Male
Age
0- 4
5-19

20-24

25-44

45-64

65 +

Ferale
Age
0~ o
5-19

20-24

25-44%

45-64

65 +

Occupa-

tion
Prof.
Clerical
Farm
Skilled
Semi-Skill
Unemp.
Not tmp.
Armed Frces.

Indus-
trial

Agri.
Mining
Consc.
Manf,
Trans.
Trade
Finance
Serv.ce
Gov't.
Hon-Class

lncome

(Total)

Intercept

-0.

-0
-2.

-0.

-4

-3

-0,

0.

AGE, SEX, OCCUPATION, INDUSTRY, AND INCOME DISAGGREGATION EQUATIOMNS
B VALUES

By

.06246
L04791
.11493

09795

.00552
.13428

L6234

108584
11493
09632

.17629
.32106

30594

.42858
.38754
.98351
.16539
01135

53344
49325

51878
37202

.21504

21402
95983

.38718
41395

57547

.61252

39022

13261

Den

5

-1},
-0
-0

QO O0ODOOO0O

ODOOO0OOOOoODO

-0.

Lty

02164
18038

.00549
.00663
.00634
.38398

6004
11925
00469

.01702

26541

.21731

.05188

03924

.20320

14967

L27175
.02733
.330626

07295

15875
01396

.06461

06074

. 18048
.05674

06082

.60577
.22428
07921

02593

Urbant-
zation

5

0.01191
0 00054
0 00126

-0 00324

-0.04353
0.00930

=0.00479
-0 00357
0 00272
-0 0010l
-0.22582
0.00742

0 06016
-0.0A085
0.08426
-0.07655
-0.04138
-0 00459
0 03968
0.07710

0.25488
0 31764
0 02080
0.03903
-0 26436
-0.023n1
0 04011
-0.01781
-0.07457
0.02030

-0.01122

Energy

B

-0.

-0
-0

-0
-0

]
-0
-0

-0.

-0

-0.

-0
-0

-0
~0
-0

-0
~0
-0

-0.

-0

-0

3

00542
00118
00009
00059

.01357
-0,

12765

n

00502
00134
00007
00187
00903
10631

01172
00142
06179
00210
62278
01283
02486
01308

.09706

03223
00567
01329
06221

00807
=0,
-0.
.12381

00500
07117

00681

'

.00074

Water

.26193
0.26668
-0.02387
-0.00430
4.15000
1.99316

0.21665
0.12678
-0.01041
-0 02244
2.94604
5.72146

-0.39914
-0.60082
4.48678
-1.18476
-1.61874
2.30647
-2.14600
0.79835

'

.

0.81074
232295
-0,28322
0.24283
6.59500
0.42031
-0,59114
4.73897
-6.R8016
0.83120

-0.02345

Land

-0
-0.

-0.

00335
00126
00009

.00019

00063
13807

0.00263

OO0 CoCOoO

[=NoNeNeoNeRoNoNal

-0.

[« R

-0.
-0.

-0.

-0.

.00001
.09012

00031

.03027
.11657

.00221
.00013
.14995
.01373

01331
11929
01891

.00497

15835

.29844

00748
00662
07332
Cow24
00444
54319
06968
01409

.00004

-0.
-0

-0.

-0

-0.

-0.

DO C OO0

-0

COCOO0ODODQOO

+ I Bi Xi using the dynamic Xi produces the

00000

.00000
.00000
. 00000
.00000

00021

00000

.00000

00000

.00000

00002

.00015

.02822
.06721
.01652

01950

.01295

08552

.04074
.16560

02765
04503
Cir08

L0500
14696

01500

.00764
L1120
.13425
.28128

.00000

These Fi's applied to the static mational population cohort
See the table below for



he disaggregation functions to the cluster were designated F,. These are

2
, ] urban cluste .
ratios of the following form: region L . The procedure for developing

dynamie F.'s would not be acceptable at thlS level because the urban cluster

1

already has a higher den51ty and urbanlzatlon than that of Lhe reglon. Theree~

- v o . e - ‘

P
fore, 1t was deC1ded to use the statlc FZ . Thls essentlally states that
s U

H . -

i i ! IR AN e
the urban cluster receives the same share of the dynamic regional growth as

v o e

it has in the past.
' N ' e ?

's is.under development. Essentially,

Al

A more sophisticated valuation of F2
. this is a step-down procedure using the?SMSA'sain a ‘'regional prorating on

. Iy ’ \
the industrial trends. - . .o -

\ )
< -4 - N N
I £ o (IO

The models have available an 1nternal check, namely E } these are expan-

] - - - £am SALSL e, N

¢ -.."yn ’

sion factors. A .method of expan51on isn also feasxble and is under develgp~

B : l.
- . - - >

ment to provide an independent imperatiVe vaLue,

. .
. i - P s Sayeow
” . e - . . ) i v . o PR

I’ {

Using a deterministic rational besides a set of ''goals", .or even -more defin-

itively '"people goals', the Ei's can be postulated. Fgr'example,:C:+k

(occupation) postulates that in terms of averages there will be an upgrading
A .

T

generation, by category. EV

i . 1

: - o - - . PN
ey B S 2 » 1 : . -

Category . .’ 1960 1986 “ 2boov 2020

laoaw wnl AT AR S

Professxonal , ---ugreatly 1ncreased----

Farmer . ~-l-4decrease---f
Clerical o7 ---<istati¢=-==- :

Skilled increase - decrease decrease
Semi~-skilled ; 5 = W 0 .0
Mot employed Y AR L L L L P EL PR cmeecsnanaaB]
Unecuwployed ' 4%----—---------7-rwf---w--r---?37:---e;1----—O%
Military ‘ v v ; ;

Obviously, it coyld assume most any format, ahd similarly, the other cohorts

can be so exputed. i ;



Chapter 9

FORECASTING AND TECHNOLOGICAL FORECASTING

9.1 Forecasting

A forecast is an opinion or assertion about a future state of affairs,
Forecasting is a natural activity of the mind.
9.11 Prediction
A forecast differs from a prediction in that a forecast serves
to convince us to act in the preseng either to move toward or

away from the future state of affairs described by the forecasts.

A prediction seeks to confirm as hypothesis or theory (not
i

'
'

necessarily dealing with the future) and serves this function
whether or not anyone is persuaded to change his behavior in
the present. The end result bf prediction is explanation, i.e. .
a confirmation of the particular theory or hypothesis. The
end result of forecasting is to clarify options and to influence
choice behavior in the present.
9.12 éurpose of forecasting i .

Having and understanding choice opﬁions are deeply rooted in
the concept of human freedom. To improve the process of decision
making. in the present, we have to learn to improve the process of
forecas?ipg:

9.2 Chara;teriséics of Forecasts | |

i I

9.21 Plausibility =~ describes a state of affairs which could grow

out of the present and be continuous with the present.



"9.22 "Specifiéd time frame ' S : g
9123 " Iiternal éonsisfeﬁcy L
9;5# Cleartyiarticulate& assumptions - s
%.25 Realism' . i o . 3

. 9.26 Imagipit#pp - a forecast which simply projects a naive extra=-
polation of the preﬁen;;1acksfimaginapi9n because it assumes

{
1

no new interventions or cause? which could deform or influénce
[ - e - o VT N - ARV > ! - ‘
y I

the future. o
- 927 . Justification o ‘
- T .oy - ] : . . '
) CE
Components: of Forecasts. . ': o
. i ; o
9.31 Theory \ o : o
SR L ‘ - i )
9,32 Data
B A . i N
N - [ - N
Types. of Forecasts PR T e e

9.41 Unconditional =- no exogenous eventsiwill occur to change the
. ' "

s oafeye s

.

- - - [ oy

prediction value. =~ =7 5 w

9.42 Conditional - conditional upon ‘the realization of some other

'
-ty

e -

event or events., = ‘ ’ .
9.43 Plan or target - a study of some économic or plysical system
and the formulation of a model to\pte&iét it. Remains valid

- :

s [ 2t

‘in futlre.

C ) ’ .
9.44 Point and interval
(1) Point predictions are points ¢f change enroute to goals.

Point iis confined to one event with one value. r

(2) 1Interval predictions yield’a set of situations that may be



realized in the future. Interval is given by a pair of values.
9.45 Single and multiple - single predictions are confined to one
event and multiple refers to several events or several aspects

of a single event.

9.5 Approaches to Forecasting

" ‘ ‘\
9.51 Statistical approach - This approach assumes that the data

generating system will remain constant and that there is

available a good approximation to the effect of the true

generating mechanism.
! ‘ '
9.52 Econometric approach - This approach requires more insight into
the causal mechanism and more effort in estimiating the various
; ' A ‘
. ‘
quantities involved. Example: specifications of supply and
{
demand relationship in order to forecast future prices.

9.6 Techniques of Forecasting

9.61 Moving averages - Involves summing the averages of some number

i
1
i v

of recent observations, then dividing by that number, and

using the final value as the forecast. Moving averages can be

'
'

tused to forecast with any polynominal model by taking moving

. £
i ‘ N

averages of moving averages to estimate the various coefficients
] 1

in the models.

9.62 Exponential smoothing - Used for predicting polynomial models.

Each observation is included in the forecast but more rccent
observations arc given more rclative welight., A limitatlion
is that only the data from the process itself are used to

, j ] :
predict future values.



9,63 Regression and correlation analysis - Used to establish and

measure the strength of the relationships among variables.

The equation resulting from the regression process is used to

~ '

“ PRV

o 4

forecast values of the dependent variable in future time

)

N s ot B 7
L N .. . .-

period, . . N

The principal difference between this technique and exponential

smoothing is in the specification of the model. In exponential

! Fiown 7, . P .

smoothing, the principal difference between this technique and

“ . Kl - S |

exponential smoothing is in the specification of the model.’ Im
. A - - . R - LI o

. 7 S
i i

lexponential smoothing, the medel is specified to provide the
initial conditions. Regression analysis is used to ascertain
what model best fits the data. T
: { f i

9.7 Abuses of Forecasts = Co

Lack of skills to critically examine forecasts leads to the following

' i Bl - I

abuses, O e L
B i kY h)
9,71 Forecasts used as a’'powerful tool ‘to manipulate and control

i 0 ,] ‘

people. =~ = . AL et

- L o 1
9.72 Encourage sloppy and fuzzy thinking on the part of futurists

i
i

. which - ledds to '"prophet syndrome". '
: I g - B
9.73." Great deal ‘of harm done by encouraging unreasonable or unjusti-
! 3 " : ‘
fied expecdtations.’
o~ 2

9.8 Methodologies for Forecasting

9.81 "Projections |

9.811' Extrapolations )



9.812

9.813

These are simply the projections of individual time series

(demographic, occupational, national product) under very-

ing assumptions. Two‘basic éssumptions are continuation

of force and extension of previous pattern.

Growth analogies

Initial advance is exponential, followed by a continued

diminuition of the ragé of advance as '"maturity' is

approached. One of the simplest situations for prediction

on the basis of trend characteristics is one in which the

extension of a well-established exponential rate of

progress intercepts a known physical limit.

Trend correlation .

The trend of a technical parameter which is complex and

difficult tec predict by itsclf may comcetimes be more

easily expressed as a resulﬁ‘of a relationship between

two or more other treﬂds. Combinations of primary

variables from trends are compared and projected. ?he )

prediction is then completed by projection of the

unknown variable on the basis of the relationship between

the primary variables.i

9.8131 Single Parameger - Time series data of a technical
attribute thaé.refletts a significant aspect of the
technology or its application can be plotted and then

" extrapolated in some manner to predict its future

state. i "



9.8132

Compound Parameter - Time series data of combinatic.s

of parameters so’that the data ‘will reflect the

‘basic, interrelated changes in the deévice or service

(e.g. power pef unit ‘of weight or space; computer

- P £ AL Rt
operations per dollar ).
b

4

9.8133 Envelope -curves - A fundamental capabilify that

4

society desires ¢ortinues to advance by support

of a succession of increasingly effecti&e‘technolo-
gies. As the S-curves of earlier technologies
begin to fall off, a new technology emerges to
maintain progress of the fundamental capayility.

A curve approximately tangenp"td the tops of the

S-curves describes an "envelope" of anticipated

N

change.




9.8134

9.8135

Step Functions - Different industries show
patterns of behavior in the scale and timing

of technological changes that they introduced
into products and facilities, expecially as these
factors relate to total demand. It is a discrete
distribution rather than continuous, responding
to such forces as markets, prices, costs,
technological considerations, new technology,

etc.

Nomogram ,
Technological Progesis Function - The technological
process function assumes that a technical parameter
improves with cumulative numbers of units produced

in the manner exhibited by unit cost and manufac=-

.turing time in learning curve theory. The

function provides a basis for technology predictions
against growth of technology production or usage

instead of time.



9.814 The Delphi technique
As exemplificd by the Rand study, this is essentially

a "panel technique'" in which a group of experts makes
o ~>pkedictionssin.ﬁpécific'areééf‘fThééc:%écults are then
s Mfed bhck”‘TepéaﬁédTyftbéth%“iﬁﬁividuals in order to

J:7 - o . uclarify the:agreemént$_and disagreements among panel

- s 1 *

LLuath 224 membersh o e LHTETLICLau 03:03 5
9.82:.i General methods =+, ¢ ¢ 7 T el s
- ° 9.821" Senaribs T Z'f‘ DRRRS ST

9.822 DEIphi» S swnieran oo emeany

9.823 Trends or normative o

9.824 Dynamic modelling

9.825 Cross 1mpact ; )
: “ B TR RN VI BESTIE IS CTN T TR VF +is
9.826 Correlation plot L
0 Tisa RGP 3F3 AUUREN RN et RN S L2
9. 827 Exp p031t10n papers } I (
9. 828 Relevance trees S
e ) G, maLEini il sl
9.829 Analogy or metapho )
s \f“' ! I‘ky - - S e . PR
9 8210 Economic pro;ectlons - {
PRI A KR e
9.8211 Morphologlcal approach . .
9. 8212 Operatlons research ) ) !
Y PN fANTS Ll
9 8213 Emperical \ L : )
VL{;E,‘«.Lf A Tt A S

9.8214 Analytical L
9.8215 Quasic

9.8216 Heuristic forecasting i



9.8136

9.8137

Substitution Theory (Fisher-Pry) - If a new
technology beings to replace an existing technology
without a major change in function, it will tend

'

to go to completion, and the time and amount of

substitution can be bredicted according to a
hyperbolic tangent function based on the average

annual rate of displacement.

Correlatioﬂ analysis = A technological device
changes throuéh a blgnd of many factors of
performance, ;onstruction, cost, and social
usage. Thercfgre, hgstorical data on the impor-

tant interrelated parameters should be developed

< .

and plotted. Trial éxtrapolations are then made

{ ! !
to test relationships threrby to determine the

most likely future state or direction. The
basic notion is to search for consistency aand

logical relacionships.
i



9.9 TForeccasting Models

Thes& are combirations of series, méthémdticall&'expressed that make
assumpfionsfaboﬁtffuture expectations. Examples of these are the "Brookings

Econometric Model of Quarterly Economic Pnojebtioﬁ%fjand the "Tobin-Solow

tou Ve

= s P L L TR L 75 I AL
Long Range-'Forecasting Model: being deéveloped.

¢ - ’ . oSy

BN IV R PO su

9.91 -Cybernetic models *

‘ - - - I8 1 o iyt N - “d ‘ T l'"‘7 . . .

- These-are’ forecasting models that try to build in, either on a
stochastic or a more déeterminate basis, some anticipated or
actual -‘feedbacks 'so as to allow for continual readjustments.

'
' [

T, e A L .
-+ There are few such large scale social models in existence,

"thoughi Soviet economists and mathematicians-'are busily drafting

.

R TN IP R
such cybernetic models” for 'thie" .Soviet weconomy.

e L .es - T e e - "- IR . IRt T SRR R PR O
9,92 “Polynomial models -~ -~ '] s ,
F N D T TSN TNRLE P LR § PSS AT RS S A R
-« . 9,921 ¢Exponential’ smoothing! \
9.922 < Regression =~ correlation .analysis o
s . £ A L .
9.93 Transcendental models , : ;
L DU RNORE Lo DN ' L - % B N oy
9.931 :Tourier series ! i . )
9.932 Time series analysis : .
) W oL R v V. P
! : The components are as.follows, . PR
o oL R TR AR N e, i N
+ (1) Trend | 1 L
P CRT ST SRS R £ S ISP )
1 (2) Seasonal b : ;
g2 : S ST . L
i (3) Cyclical ]
K (4) Random ' .

1

9.933 'Speétral analysis - Inspects the 'size .of the .amplitude

x - of each frequency to be found in a time :series.



9.9

9.95

Selective models

9.941 Consider technology autonomous eud chart the adjust-
ment to a major technological advance -~ example,
relationship of natural resources to population or
demand, etc.

9.942 Concentrate on those technological changes that
induce social change and those sgcial decisions
that will have technological consequences - example,
spending for space, sciences, military, etc.

9.943 Ecologies of change - select those combinations of
technology and social structure that fit together.

The therapeutic model \ ( ’

Do not accept the situation as given or as defined by the

client but keep open a range of generalized geoals. Emphasize

selif scrutiny, feedback and reevaluation of means and goals.

: It

9.10 Forecésting of Technological Change

9.10.1

9.10.2

S

Technology that changes is the set of tools and techniques.

Hard - new machine tools, etc. :

!
i
1

Soft ~ computer programs, methods of work, etc.

Stages of process of technological change

9.10.21 Invention - creation of new product or process

9.10.22 TInnovation - introduction of the invented product
or process into use.
S : ] u
9.10.23 Diffusion - spread of the product or process beyond

' I

the first use.



9.10.3 - The -identification of innovations

o 9.10.31 Major, innovative items - .restructuring of
, ' ! ‘) . ’

organization or methods'of intellectual work or
A I '

~

reorganization of markets,

9.10.32 New products

N T

9.10.4 "New social forms - not-for-profit‘66%pb§é£idnj'étc.

P
I ~ =, - .

, el T : ‘ P R Y P I
9.10.5 WNew:.doctrines - revolutions in military technology
CemetR f R Vo h L W e

[ ‘ s -~ b3 v B

{ |

9.11 TForecasting the Rate and Direction of Diffusion of Technoloazy

e

~9.11.1. The diffusion of technology takes-place ipza complex economy

”
N

. ... and more broadly still in.a total complex culture,

9.11.2 -Characteristically, predictions o0f rate of diffusion tend
¢ - oy \~_ Il
to be optimistic for .the short term and pessimistic for
. ‘ TR
the. long. term.

9.11.3 Techniques of analysis, . .
: - [
~+(1)" Analysis of historical diffusion curves - plots of

s

N B

. . . el
.. dollar,volume, number qf.unltszln-userorkthejllke against
i .; e .r( EEEER R LR AN N at Ay '

time.

i  (2) 1Industry by industry lor product by productzéhélyéis“of‘

= — s

[ N S e A " Lo 1‘_\ PR P :”3," L . N
diffusion - manpower, industrial growth or corporate profits.
A . .

- .
Tt

: : . B R
9.12. The Specification of Diffusions -

o - iy
T ¢

9.12.1 Most -social chapge\prqqeéds‘lggs from giant new innovations

ERI

than from diffusions of existing techniques, or more impor-
tantly, of privileges. : i o .

el



9.12.2

‘the many; v Tt

Changes in the character of higher education proceed noc
only from the new wrole.of rescarch, Yut cqually firom itHe' ¥
;- o N i N o £ Ll v L Yyt et [ ' ‘ ’ . '-‘ - ‘ r

fact 'thiat’ what' was ofice’ réstricted to'a ‘few is now open to

Tt 15 ERY

9.12.3 '"Change of scale'™ s '-the elément -that creates the problenm
RSV A S €
9.13 Attitudes toward Forecastlng
T L e TR 260 [ B N S

9,1302°

9.14 . Derlnltlons

'.\A

19,14.1

9.13.1

iy

9.13.3

9.1334

9.14.2

- is-either impossible or undesirablels .oor 2. 0 . I205

Forecasts may functlon as self- fulfllllno or self dc_feat:.n'T

' X st . S

PRI » ¢ [L NP R el 2 w = N ;’»u - .--, ',.: 1.'~ .,M

prophecies. In light of this, many maintain that forecasting

A i
‘There is ‘a Sedond ‘view théﬁ although ‘it ‘admi'ts -the wedkndss
. - ’ i
of cufféhtiforécésoiﬁg methodology;1{t“éﬁbhhsizes'the ways

iﬁ;ﬁﬁichythe‘cdnéﬁbé'%ffﬁéoffc and ‘private programs Fequires
:oféﬁhiﬁg”énﬁ forécasting“aé necessary-ingredients.

Some see forecasts as tools or aids forvdedisiom’rather than
as ?ssertions about the futufey™ = L0 =570 Tu0 P TEL

ThHere is’a tenderncy”among those interésted in forecasting

to .corcenttate ‘on’the-méthodology ‘rather: than’itsi use.

' .
N T - L, e e - Ve © £

e nd A e e N BT P S ,,\

A technologlcal forecast is the for ecast of the invention,

I PO AN ROPUEIRTIE by

( - S

innovation or diffusion of some technology.

N .
"-;l - deoa I

.,’A

- { B

A technological projection isKé&cohditionﬁi{és%ézti@niﬁhﬁﬁ oné. "

| 1 P
or more B the' propositions will be true if certain otherd

il . | . 1 .
conditi%*%';»é met: e e awonmee LNl T s

- I - - ’
Technological change is closel¥.1inked’ to~ so¢ial hnd economic

factors

o



9.15 Testing of Models and Forecasts

9.15.1 Verification - Testing of a model after a certain period of

time has elapsed, so that it is possible to ascertain if

the forecast is true or not, thereby verifying use of the

model,

9.15.2 Predictive tests

9.15.21 Janus quotient =- used as a criteria of stable

model structure, i.e., guards against the possi-
bility of "overfitting', as a measure of prediction

accuracy,

9.15.22 ' heil coefficient" - is a quotient involving

predicted and obseérved values. It seeks to

measure the efficacy of. the forecast and procedure.

9.15.3 Validation

(1) ' Another system

(2) ' Economic vs. demographic ;

(3
C)

Deterministic vs. probabilistic

Goals - forward vs. backward

9.16 Forecasts (Figure II-1 through II-11)
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9.17 Dvnamic Modeling - Is a model of situational interactions which enables

the analyst to vary components of the system to study interactions and thus

to provide useful understanding of future states. Jay Forrester's systems

'

dynamics approach to the study of world perlems is internationally known.
' ., < TR

To0s .
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Casual Diagram for the Rabbit System when Including Disease.
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POP, K=POP.J+(DT) (B,JK-D,JK) 1
POP=POPIL

POPI=10

B.KL=WBR=BRMF.K=POP,K . 2
NBR=.3

BRMF.K=T .BHL(BRMFT.FPR.K,0,¥,.5) 3
BRMFT=0/.1/.42/.9/1

FPR.K=FS/POP.K 4
FS=100

D.KL=POP.K/LT.X 5
LT.K=NLT*LTMD.K 6
NLT=8

LTMD,K=TA8IIL(LTMDT, RD.X.0,300,50) 7
LTDT=1.1/1.1/1/.82/.6/.3/0

RD.K=POP,K/IA 8
1a=1

SPEC LENGTH=56/DT=.1/pltper=2.5

PLOT POP=P(0,200) /B=B,D=D(0,40)

O HR>»O>»NO>H>0XNOZ

{

DYNAMO program for the rabbit model including disease.
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Chapter 10

THE DEMAND MODEL (Reid Model)

This chapter deals with Reid's Interstitial Demand Model which is
actually a sub-model routine now used in conjunction with the Water and
Sewerage Models. The Demand Model calculates the actual water demands
and sewage output for a study region by selected areas and topics. It
gives not only the future requirements of the study area, but also the
incremental increases that the area will have. By applying this model
the user can gain an adequate perspecéive of the water and sewer network

prior to application of the individual Water and Sewerage Models.

4

10.1 1Model Concept

-

The Demand Model is an application of technical coefficients which
I .

were developed or acquired from other studies.' The coefficients arev
modeled to éerive the water, and sewage r;quiréﬁents with the accounting
l E &= !
of these requirements to the different study ;feas for output.
2 1 5 .
The d;ta is supplied to the model for each statistical analysis
unit (SAU). The éAU's are selected in approximately one square milevareas,
- : 4 .
but with noL more than two or three squ;;e miles per unit. Any syst;m
I s

can be used that will require six numecrical digits and account for all the
areas in the study region. The SAU's can be as small as needed for the

type of detail wanted., The rural areas «<an bd larger.

¢



10.2 Coding;

The time spent by a pianning agency coding the SAU's in their study
area will be worthwhile if it is gom?atiblg with all other boundary areas

used in this program (i.e., political jurisdiction, watershed, etc.). It
Lo A A O BN

is suggegted'that a map be used that has the other boundaries on it (in-
T VU S PR AN v RRST i H L '

cluding census tracts) and SAU's be made using these boundaries as much

s .- - b
1 he 4o RO a [P RRS T L [V N

as possible. This will allow better analysis of the output results,
pOSSLbie. ! 2O . anaLys . Fhne output >

10.21 The coding for other areas are as follows:

. (1) Political jurisdiction

(2)" WatéEshed SR
1(3)  Watér Efeatﬁén;'blént"‘*i' ,
(&) “Storage systémiﬁ o )

kﬁj Waste tréétm?ht‘?laﬁtwa" s

" (6) Receiving.sﬁfeaﬁf'”

N o

f(7)’ Wéief'ébprées
10.22 IAlso, it is suggested that all areas egéept watershed and
-féééiving’stréaﬁs be coded nﬁmericdllyi in séﬁﬁenée.ﬁ"”
“(lf"SﬁarEJwith 6ne'and'nﬁme£{délly élioéate each“succeeding
fnumber of é&cﬁjarea:tify tHéy‘éfe‘ailﬁgbcdﬁnted“fér.

" (2) 'Edch new plant or jurisdiction will be assigned ‘the

r

next nhumber in its area.

b
-

B b

(3) Numbers of the area members are needed to set the ''Do

¥

Loops" within the model.” These numbers also prevent the
» program from-handling largelmatrices that have many zeros

in their structure. 3 R .



10.3

10.4

10.23 The demand model also has the capability ol looking at several
special arcas made up of selected SAU's independently or with
the general study. This allows the user to game several
alternatives at one time to see which special area is more
suited for certain goals or objectives. The model also has
the capability of handling special users of water. These areas
can be handled individually and relieves the model of compli-

cated functions for water usage or sewage return flow.

Advantages

2 3 . t

10.31 Capable of handling special users of water. These areas
{

can be handled individually and this relieves the model of
l 7

complicated functions for water usage or sewage return flow.

10.32 Greatly reduces the process of computing water and sewage
: t
demands for large metropolitan areas.
. £ 1
10.33 Allows the user a large degree of freedom for exploring the
b € .

future worlds,
i § !
10.34 1Incremental change output (as model is run) greatly increases

' the users' gaming options to determine how changes increase

1
v

the actual demands on system above their present operation.
t

10.35 Output is also extremely valuable in examining the delta change
, 1 .

in the specific study area; l

1 ' ]

Disadvantages

10.41 Data requirements are quité extensive.
t : R

10.42 “ Requires good data management to-rkeep it in proper order.

10.43 Use of equipment with good editimg capabilities is mandatory
’ H
( R i
if good use of alternative runs is to be made.
‘ ! : .



10.5 Data Files

A data file of all information is needed for each run of the Demand

Model., The model is then run for each time.increment wanted. These data
files will be duplicated as far as the area,codings,are concerned with
this base year containing the initial data input (1Q¢6, Input).

The data files for the future years are developed from the projected

~

e N
y

data (10,7, Qutput).  These files have.to be built uysing the same areas
that existed in the previous files, but can have new SAU's in addition to

the old ones. e

. S LN = Lol
10.6 II‘LRUC ‘ -
2 Gt s r i £ ¢
10.61 TFor each SAU ”
P S B o

(1) SAU code

3 } Iy r)\v\ s J ._».5,1‘ s )
(2) Political jurisdiction code ) ' ’

. 1

10

T (3) 1Watershedrcode
| (4) LWater treatment plant ;ode ( A
(5 :Storage system code R
| (6) Waste treatment'plantjcodeu

- “

A I
(7) Receiving stream code

(8) Source of raw water code
8

(9) «Special user code

(10) ©Population forecast

(11) 1Land use forecast {
! ‘ ) o \

(12) Commercial land use forecast

P

(13) Employment forecasts by SIC code (21)

(14) Agricultural land use forecast

{



(15)

(16)

10.62 Unit
(L
(2)
(3
4
(5)
(6)
(7

Irrigated land forecast

Special usexr forecasts

(a) Colleges

(b) Military bases

(c) Hospitals

(d) Industrial

use factors

Domesti; by political jurisdiction (gal/capita)
Institutional (gal/acre)

Commercial (gal/acre):

Industrial by SIC-codes (gal/employee)
Rural (gal/rural dweller)

Irrigation (gal/acre)

Special users (gal/person)

10.63 Sewage flow factors

2 (L)
(2)
(3
%)
(5
(6)

10.7 Qutput

Domestic

Institutional

Commercial

Industrial by SIC code
Rural k 1

Irrigation

o

10.71 7Providéd for the following categories

(1)

)
" H

Domestic



(2) Institutional (including hospitals, schools and military

bases)

¢

(3) Commercial

(4) .Industrial by SIC code_ind_gpecial user

.

(5) -Rural

(6) Irrigation
16.72 Water requirements

(1) By political jurisdiction

h(2) By source of sﬁpply

(3)' By water treatment plant ]

. - {
(4) By treated water storage system

et

-

(3) By~spgcial area _

- coay a 5
a @ . -
aviay 2 Ly J

.10.73 Sewage loads ““‘““uI‘V)p‘ R

o e

“u

) P A DS :
(L) By political ‘jurisdictiom ::
(2) _By~waters%éé - .o i

(3) 1By sewage treatment piant

(4) By receiving stream

. (5) By special area
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Chapter 11

WATER SUPPLY

Adequate supply of water of satisfactory sanitary quality is a
primary requisite for good health. A safe and adequate water supply for
2 billion people, about two-thirds of the world's population, is still a
dream, Recent studies using modeling tools for water supply systems have
produced results such as: excesses and deficiencies for a city and infor-

mation about world water supply activities (see Figures 1 and 2).
1

11.1 Water Cvcle and Its Characteristic

(see Figure 2)

11.11 Surface water
, .

11.12 Ground water

11.13  Rain water
11.14 Geology - rocks
A 1 ' 1
Underground water sources - wells, etc.
H 8 3
Igneous rocks, sedimentary rocks, metamorphic rocks
i € ¢
Shale and slate, sand and clay, etc.

11.15 Streams, lakes, impoundments, swamps, etc.
11.2 Water Quality

:i
11.21: Public water supply criteria sources

(1) U. S. Public Health Service

1962 drinking water standards
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WATER ~ EXCESSES AND DZFICTIENCIES FOR NCRMAN

Time Intervals
1970 1975 198 3 1935 199(
 poPwATION. .| sa117 | 59,500 | 68,000 76,500 &7.000
| Vieier Ueaeo~GRCD*™ 118 : 120 - 124 129 137
Water U.cce-MGD 6.15 e 7a4 , 8.43 957 11.92
Incusitial VWater .
 Usccc-MGD 1.65 7.42 3.8] 5.47 7.12
3 Jeoio! USAGE MGD 7.80 9.55 12.24 25.34 19.04
] SCURCE
Thunderbird Leke
AVG-MGD 855 8.55 8.55 8.55 8.55
e e . -
Ground supply * 30 wells** 30 wells 30 wells 30 wells 30 wells
1 AVG-MGD e 9.00 9.00 , 9.c0 | 9.00 9.00
J_Totel MGD |__17.55 17.55 17.55 17.55 17.55
| Cxcess/ Ueticienty o '
MGD 9.75 7.99 5.31 2.2 ~1.49
Treatment clant-MGD 6.0 6.0 6.0 6.0 ‘ 6.0
'_Exrcss/De:'icEcncy-—MGd up {0 6.0 © | uptob.44 up to 2.76 -6.34 2,55

* Ground supply requires no treatment other than chloriraticn.
** Aug. vied = 0.24 MGD/well
*%% Maximum Daily Demand

Figure 1. Waicr - Excesses and D=zliciencics for Notman
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Figurc 2. WHO Water Supply

COLLAEORATICN PROVIDED BY PAHO IH COMMUNITY WATER SUPPLY AND OTHE? ENVIRONMENTAL ACTIVITIES

(STAFF AND SHOT-TIPM CCNSULTANIS), 1972




Figure 3. Hydrologic or Water Cycle
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(2) Water Quality Criteria, April 1966 (see Figure 4)
Report of the National Technical Advisory Committee,
Secretary of the Interior
11.22 Sanitary survey =- water sampling
11.23 Bacterial examination
Coliform, fecal copiform, E—coli,'total count
Membrane filter technique
Streptoéocci, enterococci
Most probable number (MPN)
11.24 Physical examination 1
(1) Odor N i i - - v
(2) Taste "
(3) Turbidity
(4) Color
(5) ﬁa;roscopic and nuisahce oréahisms
(6)>» Temperature
11.25 Chemical examination
(1) : Hardness

i (2): Alkalinity

(3) pH

@ c, n
(5) D. O.

(6) Lead

(7) Copper

(8)« Lime

. (9); Chlorides =- of intestinal origin; residual



Figure 4.

Surface-water Criteria for Public Water Supplies

Constituent or Characteristic

Permissible Criteria

v Desirable Criteria

Physical: w
Color (color units)
Odor
Temperature®
Turbidaiy

R

Microbiotogical:
Colilonn organisms
Fewal coliforms

Inorganic chemicals: ... .

Alkalinity
Annr}oniif.
Arienic*

¢ Barium®
Boron*
Cadmuum* |
Chloride?* -

(-

. [
Chromwum,* hexavalent

Copper*
Dissolved axyued -
]
° Fluoride*
Hardness*
Iron (filterable)
L.cad*

Mangancse® (filterable)

Nitrates plus nitrites*
pil {range)
Phosphorus® |
Scleaiym? * 7
Silver®. '’
Sulfaic?

»t

Total dissulvéd solids®

- (hlterable residue) -
. Uranylion®
Zinc*

Orpanic cliemicals:;, ..

Carbon chiloraform extract® (CCE)
L . 0.20 + .

Methylene blue active, substances® -

Cyanide4 | _——

Oil-and grease®. ..
l’('sncizlcs:
} Aldnn® - °
Chlordanc®
LDT*

1
t

N e
IS

751_“ RS RA
£y
)

do
do

10,000/100 ml*
2,000/100 ml*

<o (mgft) -
S R
0.5'(as N)
0.05

1.0

1.0,

0.01

250

~0.05

1.0

O {menthly mean)

~ 25 (individual sampic)

b
do
0.3,
0.05
0.05.
10 (as N)
6.0-8.5
o r
0.01 =
0.05
‘250 1 o
- 500
R J
5,
.9
)
0.15

i

0.3.

. Virtually abisent -
k 1
0.017
0.003
0b42 -

-

i

<10
Virtually absent

T

Virtually absent

<100/100 mi®
<20/100 '

-(mgfly -

1- i o
<0.01°
Absent
do
do
do

T 425

Absent
« Virtually absent
Near saturation

T .,

do

Viztually absemt
Absent

do '
Vimually abscat
N R
do L
Absent

do

<50

<200

Abscent .

Virtually absent
<0.04 «
Absent

- Virtually .abset
Absent

e a—



Figure 4. Surface-water Criteria for Public Water Supplies

(continued)

Condituent or Charactenste Permssuble {nitera Desirable Crileria
Pesrudes  {cont’d) '

Dieldomn 0.017 do

fndnin® 0.001 do

Thoptachtor* 0.018 do

Hoptachlor epoxide? 0.018 do

Landanc* 0.056 do

Moihovychlor® 0035 © do

Orgamc phosphates plus 0.1? do

carbamates.?

‘toviphene* 0.005 do
Herhicides:

240 plas 2,4,5-T, plus 24,517 0.1 do
Plicnols* 0.601 do

N oachively: {pc/t) {nc/i)

(.rosy betat 1,600 <100
Racdiun-226 % 3 <1
Stontium-90* 10 <2

Source. Water Cud'ity Criteria, Report of the National Uechmical Advisory Commuttee
to the Scaddary of the Butortor, Washimgion, LG, Apnl 1968, p. 20,

CThe dotmed traimone process has hitde effect on this constiruent, (Coagulation,
sodineeation, teprd s blinton and chdcraeton )

iNo consasus on g single nuncorniaad valae thacis applicable throughout the country,
See Report and tent,

“Mucrobiologal lunits are monthily anthowcic averages based on an adeguate number
of vuplos Total cobifonin hmat may be rdaced of fecad coliform concentration docs not
ovecad the spoafeed Bt

P AN parathion e chohadsterase mhibition Tt mey be necessary to resort to even
Iwer concnitations tor ome corpennds or musiures,  (Pormisable feveds wie based on
e recommendations of the Public Health Service Advisory Commutice on Use of the
FHS Diinhing Watar Standards.)



(10) Iron

(11) Managanese
(12) Sodium
L13) . Sulfaxe§

(14) ‘Total dissclved solids™

(155' Fluorides ., . N e
(léj' ABS - Alky ﬁengénejéﬁlfonaté Tt

F Gy o u

(17) Free Amonnia \ e o :,' {£:'
(18) . Albuminoid Ammonia R

Ki@;: Nitrites J s
(Zb?’fNitratcs ] }

(21) ‘Hydrogea Sulfide h

(2EBL Uranyl Ion’ g;

(23}“Phenols

(24). Radioactivity (gross beta) ‘
R, S gL ;:

(25). . Carbon -~ chloroform cxtract (CCE)

fa

(é?)f‘?esticidcs : S

(27) .. Phospﬁorous

(ééj Mercurfl
11.26 Mitrbs;opic examination . ; g

Plankton - algae, fungi, proto¢oa, rotifera, crustacea

11.3 Demands for Water Sunply
T i
(see Figure 5) i



Figure 5. Guides fov

Type of Patablishaent pd®
Residen
Dueiliogs ond oparinents {por bedroam) 58
Tempaoraty Guariors:
Noasding houses 85
Mbfitanud for nonresadent boardersy L)
Clamapanidos {Ber e} 100
Cott ey, seasaal * 30
1lay camgs 502
Huotvels 65 10 75
Alodake hem packs {per unit) 123 w0 150
Aaotels 30 1o 73
Rectanranss {1oidots and hatchens) 7w 10
Weahout public todet faciintses 2% to 3
Vith bz or cockian founge, additionn!- - 2
Swamwer cuaps ’ <0 w 50

Peb'ic wiablishinents:

Boardung schools

Jay

aor g bn

iwchools

fvaprials {per hed)
meiitntiens eiher than hospitals {per bed)
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Sheppirg ceater {per 1,003 70 {loor area)
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Cau

Atuik
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Jiog
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Jea
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Pouitey {per 100):
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Figure 5. Guides for Water Use
(continued)

diiscellancous Water Use Estimatces Viater Use

Home: N ' o Guallens
Water closet, tank ’ N . 4 to 6 per use
Wwater cinset, flush valve 25 psi{pounds per squarc inch) « 30 ioc 10/min

Washbasin . 12 fuse”
Bathtub ' 30/usc
Shower . .7 25 to 30/use
Dishwashing machine 9v2 1o 15Y2/load
Gabage grnder . 1 to 2/day
Automatic laundry machine 34 to 57/load
Garden hose: .

5/8 sach, 25-ft head 200/he

3/1 anch, 1/1 inch nozele, 25-0t head 300/hr

Lawn sprinkler . 120/hs

3,000 square ft lawn, } in. per \vcck 1,850/wk
Atr.conditioner, water-cooled, 3-ton, 8 hr per day 2,830/day

Water demand per dwelling unit:

Average day 400 gpd® -
Maxirum day 300 gpd
Manunuin hously rate 2,080 gpd
Maximum hourlv mite with 'mnlu'r-l)!:' lawn watering 2,800 and
Home water systain: {(Minimums)
o . Bedrooms
< : 2 3 4 5
uinp capacity, galfhr 250 300 360 450
Pressure tank, gal 42 82 82 120
Scrvice hae from pump, diameter in ind % % 01 %
Other: Gallons

Fue hose, 1% in., % n. nozele, 70-ft head 2,400/hr
Drinking {ountain, continuous flowing: 75/
Debwashing madune, cormmcercial

Stationary rack type, 15 psi 6 to 9/min

‘Conveyor type, 15 psi -~ ’ 4 to 6/min
Vire hose, bome, 10 gpm at 60 psx for 2 hours, % inch 6G0/hr
Restaurant, average 85/scat
Restaufant, 2 t-hr . - 50/scat
Restaurant, tavern -+ 20/seat
(i-xs station 500/set of pumps

Devdloping areas of the world:
One well or tapf200 peisans; controlled tap or hyxlr.ml — Fordilla type
Maae consumpiion, § galfaatafday at well o tap
Vater sy stom dosegn, 50 ;:ll/(.lpu Wiy (10 galfeapita iy common)
P sied, 2 an and prelcrably beger (3 and 152 . common)
Dodlod wll, casad, b to 8 . duncter
Watdr systen pressure, 20010/ i,
(heep mal il cqmpent o a npsnmum)

ISGivace hm lx sy than 50 L dome, brass oF coppees Une next Lages wee il' Honpipe s
Wk Use i 1% . seivice wilh fhash valves,  Munmum well ycld, 5 galfisia,




Trectmenl of Water (see Figure 6)

-
=
.

I~

12.41 Chlorination

12.42 Plain scdimentation

12.43 Micro straining

12.44 Coagulation and settling

12,45 Filtration
12.45.1 'Slow sand filter
12.45.2 Rapid sand filter
12.45.3 Pressure sand filter

12,45.4 Diatomaceous earth filter

11.5 Control of Microorganisms

(see Figures 7 and 8)

11,6 Causes of Tastes and Qaors -

(1) Oits

(2) Minerals

(3) Gascs

(4) Organic matter

(5) Microorganisms

(6) Wastes from plants; sewage
(7) Weeds, decaying vegctation

(8) High concentration of Fe, Ma, 804, HZS’ CL

"
L

11.7 Methods to Remove or Rednce Objectinnal Tastes and Odors

(see Tigurc 9)

(1) Free residual chlorination or superchlorination



- Figure 6.

- f e

[P

- Treatment of Water—1eiign and Operation Control

- . =,

" " Flow diagram _

vl a water . -
o egeme—— .- {Chemical mix — -
i, l Pielteatment e and - Scdunurn.a.\on o Ra?xﬁ‘und —— c.h‘,':,f .
e e 11 flocculalion | baua } s | W T
A . .l IA e A_ )| ‘A . A ) l
\ i N c ) X X
e .. H . D : : v b .
b - .t Destan ;.-"'
1 v om= . P,
1 e hlonnation 1 Rapd mix-30 sec| 1 Detention for, 1 Rate 2 ot per 1. Capacity equal
& e elthing plus slow mix 4060 2 pee mon | . oaversge day's
TVt days, 2. Velocily 30 ta 2. Manum * 2. Sand dopth cemang *
V Sdarye, J0to 90 1 per min velotily 05 ft 240 EH. sze 2. Coverad,
40 days of 3 Datention for per nin " 0aY-0455 mm " uf possible
lonper 20 to 45 min 3 Duphcato umits Uit coef. 1.65 t b
4 "piehitialion 44, Siucge disposal=| 4 Leagth tvace or less
4 pnration lagoons, ¢ther - to 3 % varith For anthicaste, .r
f._Lhem treatment L or greater £S5 =08-20 mm,
L Mira-strain, | o 5. Overliow rate Ut =317 .
WoSconng : , 20,000 gad/fit | 3 Rate contralier
[ICIPIN \ 3 N 4 Surlace wash ;

L WOl . b .
Figure 3-16 - Rapid sand filter plant flow diagram.

Las e A .ot

. Possible Chemical Corabinations
4 TChlorine? Also bar tacks and coarse sereens if needed.
it Comgulant; aluminum sulfate (I 35 to §0) . fenic sulfate. (pII 50.to 11.0), -
v fious sulfite (pIt 8.5 to 110), ferte chlavide (il 5.0 to 11.0), sodium alu-
minde, activated sihiea, ovganie chemsieals (polyelectiolyies).
¢ Allahnty adjustiment, e, soda_ash, or polyphosphate. a
b--Achivatod cabon, potassium peimanganate. 0 -
£ Dedionmation; sulfur dhonide, sodium sulfite, sodium bisulfite, activated carbon.
i IPhaandation hieatment.
v\ Chlotine dioaade,
Noun, ‘The chlotinator should be selected to prechlarinale surface water
we boamd postehloninate
demind for growndwater,

i

at 20
al 3 n_u:/lnl‘rm'iq!u for w duse of 3 mg/l plus chlatine

[N O



Flgura 7. Doszge of Copper Sulfate te Destruy Mlecoorziniama,
Pouads per illlen Callons
Drzaniaz Taste, Qdar, Other Dosage
Statosasiae (Vseally drowm)
Astarizacila Arezzte, gpesariuva, [ishy 1.0 o 1.7
Fawrcly aromatiaz Jse chlorine
Fatatly aromatle -
Getanloa, tusty 2.
Aroratic -
Cecaniva, cusey 1.7 2 2.8
Q.6
Mezstaa 4.2
Stephanodiscus Ceranlem, fishy 2.3
Sy—udra Tarthy, vegeiadle 3.0 2o 4.2
Tadeliaria Acozatic, geramwum, fishy 1.0 to 4.2
Chlcrophyceae {Grecea aigae)
Cladoharae Sept.c 4.2
C.0sCeT Grassy 1.%
Coclaszrua .5 to 2.3
Con{ecva 2.1
Sesradoua 16.6
Vreryasphaoriua Grsssy, nascurtlvwa, fishy Lse chlotine
or milala 2.4
Evioc sphara 4.2
Sulyrian Falatly fishy 16.6 to 83.0
Glocoevseis Ofiens.ve -
aydrodictyen Very offenslive 0.8
uiscraspoza 33
Palsella 16.6
Pandar.na Falntly flashy N 16.6 0 3).0
Pratococces Use ehloriane
aphudiva 3.3
SeoacdeiTus Vegetadlie, arocacie 8.3
Splrogyra Crassy .9
Staucastna Grassy - 12,5
Tetrastrua Vsc chlotine
Ulaihrix Crazsy i.7
Vaiox Fishy EI8 Y
Tyguesa ° 4.2
Cys~spuaycaae {3tce~green algac)
Ansdasce uslly, geassy, vile 1.0
Aphanyismenon Maldy, FTassy, nle 1.0 w0 4.2
Clatarscysils Sueer, grassy, vile 1.0 w20
Ceelogshseriua Sweez, grassy 1.7 s 2.3
Grassy 1.6 )
(Red) 2.0
G-assy, sepiic .7
Grassy, Tasty 1.7 - a.2
Holdy, grassy H
Teish 2313, salt zavsh,' flshy -
Fisdhy, vale (ced-deoum) .3
Thilamndezzaas *34.2 - 8.3
Cryatemanas Candled viotets .2
Jinadeysn Arocacic, violents, £1shy 1r3
Use thiocine
3 2 38 agfe
L.2
Fishy 4.2 -
Arcnatlic, visters, fisky 4.2
Fosay, like claa-s~e.ls, bitcer taste 4.2 to 15.8&
Cocuzber, oisk-zelaa, fishy 3.7%
Flaky, olly, codliver oil 0.4 o 1.8
Crusiazza
Cyelons 15.6
Japhaia 18.5
Schizonycetes
BegRiazaa Very offensive, decayed a1s
Cladazheix 1.7
Trenathrix Very offeas{ve, decayed 2.3 0 4,2
Lepeotheix Mediefral vith chlotiae -
S;haerotilis aatans Very oolensive, decayed 3.3

Teicthelx
Fu-gl
Azhiya
wrptonitus
Saprolegala

\

Hiacellancous
3loend oo
Caaza
hitella flextilis
Phartophy.cae
Paranegeon
Phodophyceze
Xanrazhyceae

Ch decelenadlie
(Srova algae)}

{Red algas)
{Grean algae)

Jse chioriae

Ysa chlacice
Q.3 t0 &2
0.0 v .Y

2.3 wo 6.7



Figure 8. »Dosage&of Copper Sulfate and Residual Chlorine,
_which if Exceeded May Cause Fish Kill
» -Copper Sulfate " Free e ‘
— Chlorine, . o Chloramine,
~Fisiv S0 (bt gal) "L - (mgl) - ol aaglht) o (in mg{l)‘? .
Trout T2 0,14 ST000008 7y 0
Cup 2.8 0.33 T005 0 027 0.76 to e
Suckers . 2.8 e ... 058 s EEEE - g L
Catfish S X B 040 T T
Pickerel '35 . 0.0 : L1l
Goklifish 4.2 0.50 0.25 :
Perch 5.5 0.67
Sunfish 1.1 - 1.36 0.4
Black bass -~ 16.6 2.0 e o
Minnows o . - 0.4 ‘ 0.76 10 b8
Bullhicads i 0.4 o
Trout fry - - - *0.05"t0 0.0u
Gumbusia : 3 . 0.5 ta'1.0




Oxidation

s'x.H!}'y.tl'f“A

Loy 1]

Troatmert Processes Required Cha derof Woater
Acnnon Yes Tion alone n absonce
S ~eatation of apprcaebl con
S Jd hltration ceatntions of organ-

icatter
Acration, contact oxida-  Yes Iron end mmanese
o, saidvrnontanion, loosely Hound to or-
sand filliation cuvmc maticr, but ro
exncessive carbon di-
onide or orpanic
acids content
Aecration, contact Yes Iron and manganese
{iltranion bound 1o organic
matter, but no ex-
cessive orgarhe acid
content
Contact filtration <« Yes, but Iron and maaganese
not by bound to orgn
. 2eralion rroatern, but no ox-
cessave carbon diox-
e or organic aad
conient
Acration, chionnation, Yes Iron and maengancese
scdrmicntat.on, sand looscly bound to
faltration organic maticr
Aenton, imee treatment, Yes l.on and ;asnzuncee

sed.ment2ucn, sand
filir s10n

Zeol e softeming

¢ lreels , sedi-
mentaon, sand 0O
trat.on

Neg

i cormb.atnvgth
Orraric rotter, 27d
©°F 7 ae .
Colored, turid, sur-
fice vatr comnmine
2 aron 2ad moepga-
nese ¢or byved wilh
TUAING Ml

Wellwoterdesoid of
ovyLen, »nl con-
taing ks thop
about 1.5 10 2 ppm
won and mang mese

Softwellwoerer de-
vord of onyypzen con-
tarming aron o fore
rous bicarbonate

pl i_‘.{-u.;;t

Requ nud

st < ud filter

Contact actetor of
cok¢, praved, or
crust o I pyrolucite,
sctihm s bosin and
sand fifter

Acrator and hilter bed
of margancse coated
sand, * B,rm,”
crushe | pyro'usitc
ore, Or Mangancse
zcohte

Filter bed of manga-
nese ceted sand,
“Birnmn,” crueshad
pyrolusite o:¢, or
mangancse zeolite

Acrator ard chlonna-
tor or ¢h'onnzator
alone, setthing bazin
and sand filier

Lilcctn- cerator, me
feeder manirg basin,
setthi g basin, sand

“t"ver

Convennio ! ripid
sand [t 2von plant

Convent onal sodum
zeohte v g, with
PUINZAT (€ ZL0itte
u™t or cquinatont
for treotmient of by-
passed oter

Lime foader, en-
closcd 1nvang and
sctthng t°nhs 2nd
pressure filter

Over 65

Over 6.5

Over 6.5 %

Over 6.5

7.0108.0

£5109.5

£.5109.6

Ovir 6.5 ¢

8.0t0 8.5

Nor.c

None

Filter bed resctinated
or ond.zed atinter-
~at:vith ehlonine or
sodium pennanganate

Chlonne

Lime

iz and ferr,c chlo-
nac o ferre sul-
f.1d, or chloninated
copperas, or hine
and copperas

Nonc, udd«d continu-
owly, butbedis
regencrated atnter-
vals with salt solu-
ton

Lime

E-.. v oprated No
chienical control re-

qu.rcd.

Double pumip ngre-
quired. Lenly con-
trolled. ,

Doubie pumping re-
qutred urlons air
comprescor, or fsmf-

lemvahve™ s used to
fr-ce ai- 1ito water.
Lorred mirsungly
adeguaie. Easily
conirolled.

Sirzle pumpirg. Acra-
tion not requered.

Required ¢f onime
dose reduced by pre-
vious seration but
chiornar on Llone
permits single pump-
3.

pH control iequired.

Compicie liboratomy
control tequited

Ouly solv)'c ferrous
and 4 rznous com-
pourds canbere:
maoved by base ox-
chnge, so acration
or douasle pu—ping

1S NOT G ted

Precptitionof iron
in absenee of ovvaen
occurs at lower pH
than othonuse AL
sence of 6yygen nun-
HOwes or ;AZL\L'I‘:S
corrosion, Dodble

pu upIng ROl re-
quired
Source Charles R, Cox, Water Su220y Control, Luli. No, 22, New York State Depwtment of Healtn, Albany, 1952, pp. 150-160.



(2) Chlorine-ammonia trcatment

(3) Aeration or forced-draft degasifier

'(4) Application of activated carbon

'(5) Filtration through granular carbon or charcoal filters
(6)Tr§9?ggla;;9g,§ndffilpera;ign,ofquggngnj.

(7) Control of reservoir intake level

(8) Elimination or control of source of trouble

(9) Chlirine dioxide treatmént
(10) Ozone treatment

(11) Control

of 'sources of HZS, Fe, Ma ™~ -

[ [ AR ' F. .o A

11.8 Water Softening P T

12.81 Soda-lime procéss’ 7 = T
12,82 Excess lime process

- v '
v

12.83 Zeolite (iom exchange'process) - PR

12.84 Fludridation (does not soften water)

11.9 Emergencv'ﬁisinfeétién'Sf Small Volumes of Water

(see Figure 10) - B

11.10 Water Network Model — - LT T L

P ‘ :
(A .y *ou LI 4. N

. . - ' o
L [ v N, .y

The waqu,sgﬁﬁly;ﬁodel‘is basiéhlly a regional water.network (see

. 1
AT i L

Figure 11). ‘Figure 12 shows the

Yo DI R 4 LPRY W

structure of the water supply network
model. The model begins with the formulation of networks and continues
with a coarse sort of the altemative networks., By using a specific

program, an out-of-kilter algorithm, feasible alternatives are analyzed

next, together with their associated costs, to reach the optimal solution.



Figure 10.

Emergency Disinfection of Small Volumes of Water

Availabic
Chlurine,

%

Stock Solution®

Quantily of Stock
Solutian to Treat
I gal of Watery

Quaniity of
Stuck Solution
o acat 1,080
fal of Watert

L1, L Selution

ey, Whate Sail,
e b, Ruanbow,

PN
tean Hypochlonte
. ol Hy pochionte

+ Jdeaun Hy pochlorite,
e g Powder,”

s 4 Ldutinated Lame

¢ deann 1y pochlorite

g, Pachlolon,
Fatwhilor

1
2%

5%

33

70

Use {ull strength
Use full streneth

Usc full strength

Use full suength
Use full strength

6 heaping wbie-
spoonfuls (3 oz)
to 1 qt of water

4 heaping table-
spoonfuls to ]
qt of water

2 heaping table-
spoonfuls {1 oz)
to | qtoefvater

30 drops
12 drops

L drops

3 drops
2 drops

one teaspoonful
or 75 drops

onc teaspoonful

onc tcaspoon{ul

2 quarls
1 quart

1 pint

Y2 piat
¥ pint

1 quart

1 quart

1 quart

e quat contams 133 ordiary teavpoonfuals of wator.

H et stand 30 aun before using. o dechlonnate, use soditun tleosul{ate ia same propos-

o ncdhlonme, One jirgor = 1Y hquoad oz Chloiine dos e s approximately 5-6 mg/fl.

Chlnon) {1 bguel 02 = 613 diops.}) Make sute chionnd solution or powder is

* b chadk by makang otthotelidine test.
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Political Jurisdictions

Water Source Surface
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11.11 bBasie Considerations

The basic objective of the model is to 'determine how the desired

level of network scrvice can be most efficiently provided to the metro-

politan area at the least cost. In the accomplishment of this objective,

therc are certain primary considerations that have to be made.

11.11.1

11.11.2

11.11.3

11.11.4

The selection of source and trecatment plants can be modified
depending on quality and treatment required. The selection
of sources and the required treatment can be modified in
part to fit the network.

The cost indebtedness of existing facilities is fully
considered as is the obsolescence of these same facilities.
If alternatives are to be considered, then the feasible
locations for these facilities, within the network must

Ve Kaotm priocy to & model ruil.

The maximum f£low or capacity can also be used to explore

alternatives and constraint resources.

11.12 WVater todel Cost Tunctions

The ''model" consists of the employument of the different types of

cost functions that are incurred in the development of water supplies.

Basically they can be categorized into four components.

11.12.1

11.12.2

Water source costs for either surface or groundwater which

include costs for reservoirs, streams diversions and well
fieldsﬁ

Transmission costs which include costs for pumping stations
and pipelines used to convey the water from its source to

the area of use.



&
11.12.3 Treatment costs which include costs for raw &ater storage,

D treatment plants and pumping plants.

"11.12.4 Diétribution costs, which include costs for pumping statioms,
storage tanks and waéer mains.
In general the costs are broken down into capital expenditures
and operation and qaintenance costs, Capital expenditures include costs

: ) o
for engineering design, land and right-of-way, water rights, constructionms,

'
o

administration and financing. Operation and maintenance costs include labor,
materials, adm;nistfétion and overheads, chemicals and power. Capital costs

are presented as equivalent annual costs using an interest rate of 6% and
a period of 25 years., Operation ‘and maintenance costs are presented as

L= NV oA

annual costs, :

W Lor
¢ i

c, = Equivalent annual Qnié‘costs of pumping statioms “in thousapds
of dollars/station/&gd

11.13 Cost Equationsx

11.13.1 Water source costs

— . -038 (1)
CR 74.2.XR , ‘
where, CR = Annual unit costs of impounding reservoirs
in thousands of dollars per billion gallons,
'XR = Design caﬁécifyAdf reservoir in billion
gallons ) B
) -.178 .
CS = 3,95 XS ! (2)
vhere, CS"= Equivalent annual unit cost in thousands of
- - dollars/mgd
XS = Design capacity in mgd

* Equations are not standard equations but examples for demonstration
purposes only,



11.13.2

11.13.3

Tronsmission costs

-.49

C =41.3 X 3
o 0 (3)
where, C = Equivalent annual cost for pipelines in thousands
of dollars/mile/mgd
Xp = Pipeline design cépacity in mgd
-.49
A =1,32X . A
. o (&)
where, A = Annual opevation and maintenance cost in
thousands of dollars/mile/mgd of flow
Xp,= Pipeline utilization level in mgd
C_=6.65%x - (5)
n P

Equivalent annual unit cost orf pumping stations

where, Cn
in thousands of dollars/station/mgd

Design capacity of pipeline

>
1]

A = 2.12 x Tr314 (6)
0 P

where, An = Annual opcration and maintenance cost in
thousands of dollars/station mgd of flow

X = Pipeline flow level in mgd

Treatment Costs

-.201

Crg = 1.55 Xpg (7)

rs

wnere, C = Equivalent annual unit costs for raw water
3 rs G
storage in thousands of dollars/million
gallons

X5 = Raw water storage design capacity in million
gallons



Figure 12. The Water Supply Network Mcdel
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11.13.4

- -lzol
A =0.10X (8)
rs rs
where, Apg = Anrudal operation and maintenance cost in
thousands of dollars per million gallons

Xrg = Raw water storage design capacity in million
gallons
. =247 |
.= 25,0 X
C. c (9

1

Equivalent annual unit cost of treatment plant

wherc, Ct
in thousands in dollars per mgd

o)
1§

Design capacity of treatment plant in mgd

A = T7.25 xtl—-257 (10)

3

Annual operation and niaintenance of treatment

where, At
plant in thousands of dollars per mgd

X Operating level of plant in mgd

tl

Discribution Costs

~.274
C. =14.3X 11
ts ts (11)
whaere, Cts = Equivalent annual unit cost for trecated water
storage in thousands of dollars per million
gallons
th = Design capacivy of treated water storagoe
facilities in million gallons
-.274
= 1,80 X (12
Arg ts (12

Annual operations and maintenance cosis in
thousends of dollars per milliod gallons,

where, A
£s

th Desisn capacity of treated water stovage

facilitics in million gallons



11.14 Tlow Network of Total Costs

(See Tigure 13)

tThe model starts with a "super source' which is basically the .
environment,ﬂaud'féeds,thg wate;;sqqgQéé gbg;;supply the network, These
sources are the first geries»gfjﬁédes. Since each node'can be intercone-
pg;;éﬁjvith one or more arcs, the cost ggﬁqqigns gaq\be,@isaggrggatqd

‘ by ‘the user. This is accomplished by detemmining the-.fixed cost, the:

cost incurred by the usiné'agency'qoimqtﬁeg_whgtﬁer the facility is used

or not, and .assigning a flow of 1 mgd :to -this arc. In other words, the

.. fixed costs of a link in the metworzrk .

re assigned to.an arc that connects
S .
;the two nodes which denote the entrance. and:exit of that- facility. Then a

flow of 1 mgd is assigned as the upper and lower limits. These "1 mgd

fake flows'" have to be -added to the -"super sqqrqe"V}ink for.each arc of

.fixed costs that are assigned to the network. They must also be balanced

y

in the network starting with the ”suﬁgr sink" and working backwards to
‘the "super sourca",
The costs for different variables,.which are linear in this model,

are then assigned to another arc that-describes the facility,and the proper

.

upper and lower bounds are also designated. !By using this technique, the
. R T . . oo .7 e e s

< -

cost functions can be closely approximated for each link (see Figure 14).
. F -l N ES

The network is made up of a system of nodes and arcs that are
interconnected by arcs (see Figure 15). Each node represents an intake or
exhaust of some facilities. Depending onrthe degree of accuracy pgeded,
computer capabilities'and.available'cost data, this network can be as

detailed as needed. An arc-ﬁode‘grouping cqh reprcesent 2 complete treatment



Soimz upper end lower bounde
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of preceding cre. Varic
cost set to trearment cost.
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] v
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Figure 13, TFlow Network Diagram
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plant or each of the steps through the plant. The usual procedure is to
simplify the network as much as possible, depending primarily on cost
data, for the iunitial rumns. When flows have been deterwmined, then un-

feasible or undesirable permulations of the network can be removed and new

networks in detail can be derived and run.
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Chapter 12

WASTEWATER TREATMENT AND DISPOSAL

It is generally reccognized that improved water quality will enhance the
immediate eunvironment, augment the useful supply of water, and reduce costs
stemming from the use of polluted water. Water quality is impaired primarily
by the use of the water as a receptor of wastes.

Natural water is not pure. Its cuality is affected by a variety of
geologic, hydrologic, and biologic factors (see Figure 12.1). Natural
impurities such as sediments, decaying vegetation, and wastes from wild animal
populations impose measurable levels of contamination on many watercourses.
Dissolved minerals reundered some of our surface and ground waters unfit for
certain uses long before man appeared on the scene. But most of what we call
pollution tcday results from disposal of the waste products of civilization.

Pollution sources are of two types as [ollows:

(1) Waste discharges from identifiable poinﬁs (point sources);

(2) Diflused wastes recaching water through land runoff, washout
from tnhe atmosphere, or other means (nonpoint-sources).

The two differ in their amenability to control. Discrete point sources may be
controlled directly while nonpoint-sources are extermely difficult to control.

Modelling is being done in both areas for planning and management purposes.

12.1 Tvypes of VWastewater

(1) Sewage
(2) 1Industrial wastes

(3) Stormwater
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12,2 Twvoes of Collection Systems

(1) Organized

(2) Dispersed

e
[ O]
.

W

Small Water-bornc Scwage Disposal Systems

12.31 Septic tank
A septic tank is a watertight tank designed to slow down the
movement of raw sewage and wvastes passing through so that solids
can separate or settle out and be broken down by liquefaction and
bacterial action. It does not purify the sewage, eliminate odors
or destroy all solid matter. The septic tank simply conditioms
the sewage so that is can be disposed of to a sub-surface leaching
system or to an artificial sand filter without prematurely clogging
the system (see Figure 12.2

12,32 Sub-surface soil absorption systems
(1) Tile field system
(2) Leaching or secpage pit ;
(3) Cesspool

(4) Dry well

12.4 Small Sewage Disposal Systems for Tight Soils

12.41 Evapotranspiration

12.42 Transvap systems

12.43 Modification of conventional‘tile field system
12.44 Waste stabilization pond

12.45 Aerobic sewage treatment unit

12.46 Sand filter



TARLL 4-12  TYPICAL SEPHIC TANK AND SUBSURTFACE
SAND FILTER LI FLULNT

Scwage Llllucnt*

Dutenmination Septic Tank Subsurface Sand rll-t.l'
B adesia per ml, Apar, 36°C, 24 hr 76,000,000 - 127,600 -
Cgi:;.\rlll proup MPN 110,000,000 . 150,000
Celor R - | o2
Turbidity (ngfl) " 50 \ 5
Oudarl . . 4B (1
’ guapenids 4 matterf . ‘ R | 1
FH 7 4 7.4
Todpuratine TG T ) 17 e - - 14
Fon 6 0y {mgfl) 140 %
DU (m; ) , . .0 , - 5.2
._,u() ,1*unllnu (/u) ) 0 ! 32
Betragen, ot () . . 36 : 21
En's amaoma - o 12, - . - 0.7
Qrg i i2 . 3.4 -
tatrites 0.001 o 0:02
Nirrates i 0.12 17 .
Owyoen Cansmed (mgfl) 80 20
Chlarnlin (mgfi) ; 80 ' ) 65
Aixahinaty (ingfl) 400 300
Tt soluls (mg/l) ' . éQO 310
Susp, solihy (/1) 101 ' 12
Source . A, Sulvato, Jr., "E\fnn]gncc with SubsurfuceSand Filters,” Sewage and. dndus-
ana 1agtes, 27, No. 8, 909916 (August 1955) ! /
SAedian realie, nvn;: 51 saunples from septic tanhsand 55 from hlters,
TI . eaty a2 - shear, 3= disundt, 4 5 deadod )5 = extieme. Normal municipal do-
':msU}qS-\'» e has an \li'N;of 50-100 authon colitorm bactena per 100 ml,
= - : o S P

[

f\l L. l . —1". TYPICAL ICI?X’I‘(IHIN(‘:EES Ol SUBSURFACE l-’lL'l'i:lRS‘

Dutermination Percent Reduction

Wt pay ml Apar, 000 "l he 99.5

b Coltann moups MEN o 1()() ml ) -99.6
BOD, A day (ot ; 97
‘ Sispe solids (/1) 83
Oxvypen consumed (imgfl) : : 75
Fatal mnagen (impft) B 42
Cbrec ammonia -, oo | 94.

[SIFIAINT

: . 72

Q
vouree. AL Sabvato, Jr, tLapanence milh Sabsuilice Sand Filters!” Sewage (mc.’Jur.uS"
Sad Warre, 27, No. ¥, 909 916 (Aupust l‘)")) |

"Efient will coutan 5.4 g/t |l|~..nl\'ul o y},« noan ‘11X7 mglt ninates,

Figure 12T2‘
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Small Treatment Plaunt

12.51

12.52

12.53

12,54

12.55

Planning

(1) Tailor-made to fit the local conditions

(2) Take into consideration probable future additions
Chlorination

Chlorine is added to sewage for a variety of purposes. One

of its major uses is for the partial or complete destruction of
pathogenic organisms including some viruses in sewage. Other
uses are control of odors, undesirable growths, sewage flies,
septicity and chemical or bacterial reactions unfavorable co the
treatment process.

Treatment of sewage

12.53.1 Primary settling tank

12.53.2 'Secondary treatment (see Fizure 12.3)

Trickling filter

A trickling filter may be used {ollowing a Primary settling
tank, a scptic tank or Imhoff tank to provide secondary treat-
ment.

Small standard rate trickling filter - 200,000 to 300,000 gpd
per acre-ft, 200 to 600 1b. of BOD/acre-ft./day.

Extended aeration

Extended aeration plants also referred to as aserobic digestion
plants (see Figure 12.4).

Waste stabilization pond

In areas where ample space 1s available, preferably 1,000 ft.

or more from habitation, with consideration to the prevailing
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winds, a waste stabilization pond may be a relatively inexpensive
and -practical solution to a difficult problem. 20 pounds of BOD/

acre/day; detention time 90 to 180 .days. :

12.6 General Treatment

12.61 Treatment processes
{1) TLagoon
(2) Primary
{3) Activated sludge
%4) Extended aeration

(5) Minimum solids ‘
A

(6) Standard tricklinéAfilter
(7) High rate trickling fiiﬁer
(8) Activated sludge |
12.62 Treatment process substitution (seé Figure 12.5)
12.63 Treatment:costs
(1) Muni;ipal (see Figure 12.6)
k2) Industrial\ésee Figure 12.7)

‘(3) Relationship between Quality and cost (see Figure 12.8)

12,7 Large Sevaze Treatment Plants

12.71 Planning
(1) Regional and area wide éewage planning
(2) Water quality‘gnd effluent standards
(3) Alterﬁati?e solutions |
12.72 Conventional treatment proceéses (%ee Figure 12.9)

12.72.1 Preliminary or screening '

(1) Racks
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12.72.2

12.72.3

12.72.4

12.72.5

(2) Screens

(3) Grit chambers

(4) Skimsing tank

(5) Comminutors
Settling

(1) Plain sedimentation
(2) Imhoff tank

(3) Chemical precipitation
Bioiogical treatment

(1) Intermittent sand filter
(2) Contact bed-

(3) Trickling filter
(4) Activated sludge
(5} Repid sand filter
(6) Stabilization pond
Sludge disposal

(1) Digester

{2) Vacuum filter

(3) Wet combustinn

(4) Incineration

(5) Drying bed
Disinfection

Chlorination



12.8 Scwer Network Model

The sewerage nectwork varies from the water network in that ;F is
primarily a gravity flow system. The use of pumps, pressurized lines
and lift stations are normally avoided and are only implemented when
absolutely necessary.

The sewerage network begims within ééch small basin with a collector
system. These grid or block by block collector networks are sized by using
the technique described in '"Systems Approach to Metropolitan and ﬁegional
Area Water and Sewer Planning"” by G. W. Reid. The sewage then flows from
the collector systeﬁs‘into the sewer mains. These mains are also designed
using the technique described in the above mentioned report.

The procedure for formulating the sewer network is identical to that
of water network. The first step ié to establish the current network from
Lthe inventory data. The procedures and firms used are same as in water nete
work model. The only difference between this phase, which is for the sewer
networks and those for water is that the flow is reversed. The identificae-
tion 'of the real network and its shgrtages and capabilities is handled in the
same manner as water., It is also advanced intod the '"desirable'' worlds and
evaluated as to their incremental capabilities, deficiencies and availabili=
ties using those techniques described in the previously mentioned report.

The data requirements for this model are ithe same as those required
for the water network. The only difference is in the cost curvés and
functions used to provide the actual coéts.

The sewerage model has a format similar to the water supply model

(see Figure 11. ). The model begins with the formulation of networks and

»
'



continues with a coarse sort of the alternative networks, analysis of

foasible alternatives (see example, Figure 12.10).
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Chapter 13

SOLID WASTE

Waste is a material that its producer does not want and does not ask
reimbursement for it. Wastes are residues of resource use which result
froem the application of current technology under present concepts of economics
and social objectives (see Figure 1).

6 X . .

Annually, 250 x 10 tons of solid waste are produced and chis amount is
increasing at about 4% per year. The problem of solid wastes will not be
resolved by some great scientific breakthrough similar to the splitting of

the atom.

13.1 Solid Veste Sub-model :
A sub-model for solid waste is not completely developed, but it is being
constructed along the same lines as the water and scwerage networks. The

structure would be similar to that of the water supply nctwork model (sce

Chapter 11, Figure 12).

13.2 Sources of Solid Wastes

(1) Residential

(2) Restaurants and hotels

(3) 1Institutions

(4) Public offices and facilities

(5) Health services



Resources )
. - I T

B RN -

. Land
Pollution
. Disposal

Figure I. Generalized Problem



13.3

13.5

{6 Commercial

(7) Construction and demolition
(8) Agriculture

(9) 1Industries
(10) Mining

(11) DMiscellaneous manufacturing.

(12) ©Non-classifiable establishments

Tvpes of Solid Wastes

(See TFigure 2)

Amounts of Solid Wastes

(See Tigures 3, &, 5, 6 and 7)

Solid Waste Disposal

13.51 ©Disposal to sink
Sanitary landfill i1s the main process by which this type of
weste disposal is carried out. Sanitary landfill, according to
some authors, is a thing of the future, i.e., it is the only
ma jor method of waste disposal to take care of our future solid
wastes, From all indications, this is quitestrue. Sanitary
landfilling is increasingly being adopted by the agencies engaged
in waste disposal,

13.52 Change of state
Incineration where refuse is incinerated. Atmosphere becomes
the ulﬁim&te sink for the gases produced. This is practiced on

a large scale too.



Figure 2

., -REFUSE MATFRIALS: BY KIND, COMPOSITION, "AND SOURCES

‘o' Kind , ~ Composition 7" Sources

Garbage . Wastesy froms preparation, | =777 T 70

¥ 1 e

cooking, and serving of food; W o
o | marker *wastes, wastes from
handhing, storage, and sale of
produces - .
' Rubbish. Combustible: paper, cartons,
. | boves, barrels, wood, excel- jHouscholds, restau-
- sior, tree branches, yard {rants, inscitutions,
trimmi'ngs, ywood fumitur;, stores, markets
bedding, dunnage ‘ : .
Noncombusuble: metals, tin . - -
: cans, metal furniture, dire, -
glass, crockery, minerals
Ashes " Residue from fires used for
coohing aad heating and
, from on-site incineration
Strect - -] Sweepings, dirz, leaves, catch ) :
Refuse basin dirt, conrents of litter
- recepracles ! F

- ; 1 ! .

Refuse] Dead Curs, dogs, horscs, cows ! Streets, sidewalks, al-
Animals \ ”‘ leys, vacanc lots
Abandoned Unwanted cars and trucks
Vchicles left on public property
Industrial . T'ood processing vastes, boil
VWastes er house cinders,t lumber! P o5, powerHlants

scraps, metal scraps, shav< | FACrOFies, powerpian
mgs ' f ) )
* Deniolition Lumber, pipes, brick, mason--} PDemolition sites to be
Wastes ry, and other construction'| used for new. build-
materials from raced build-1 ings, rescewdl projects,
‘ ings and other structares e\pressways
Construction | Scrap lumber, pipe, other'| New coustruciion, re-
: Wastes construction imatciials 4 modeling
Special Hasardous solids and iquids: . Tousenolds,  hotels,
Wastes explosives,  pathologicalii hospitals, nstitutions,
wastes, radioactive materials | stares, indostry
Sewage Solids from couarse screening Sevvace treatmien
v S A ! Sewvag :
I'reatment and  from  grio chambens, | Lt t»‘ i tqukl t
: Rt sentic .
Residue septic tank sludge | » SepUic Lanxs J

[



Figure 3

Amounts of Solid Waste

National Averages (1b/cap/day)

Item Urban Rural Total
Domestic 1.26 0.72 1.14
Commercial ,9.46 0.11 0.38
Combined - 2.63 2.60 2.63
Industrial 0.65 0.37 0.59
Deomolition~-construction 0.23 0.02 0.18
Street sweepings 0.11 0.03 0.09
Miscellaneous 0.38 0.08 0.31

TOTALS 5.72 3.93 5.32




Figure 4 ' ! !

I
«

PFRCAPITACOLLLCLIONS 1OF SOLID AVASTLS AS 'Rl'l’()lR [UD IN APWA SURVEYS!
{

2955 195158 1965 . 1968
City
Ibsyeapyyr  Abspeapiday lbspeap/yr” lbsfcap/day bs/cap/yr Absfcapidsy lbsfeapfyr lbsfeaptday
Cincinnati, “Ohio - - 1,103 3103 1,235 3.4 1,365 3.74
Garden City, N.Y. 21,1872 3.33 1,438 3:92 1,3082 3.62 1,454 3,932
Los Angzcles, Calif, —_ - 1,677 46 ‘ 2,373 6.5 2,535 6.95
New York, NJY. iB26 2.3 1,325 13.6 . 1,483 44 - -
Scattle, Wash. T84 23 1,370 38 0 1,508 - 1430 389
Washington, D.C. N —-— - 1638 . Ti4.s S ses - o 42 1,739 476

aclules refuse actuilly «cdllecied under city -auspices, regardless of mcthod of callection. Docs not inciude sutomobiles or cindess. In the
1955 ser ey, apartient house ancinerator. ash was calcdlated dn terms of -equivalent amounts -of lhouschold refuse. .
3No industrial refuse. : .

LR T

Lt !

ANALYSIS ‘OI SELECTED «CL. ASSI-S 'OF 501 H) \V:\Sli—b CoLL FCTLD l\ SELL CTX'D RLGXO\SI

B

iv

v

lll’ozmd:'pcr Day’ per 'C‘npim ‘

iClass - —
o South-  South-  Great Tacific

; National New |, cast | quest Lakes .Coast
Average England  Region Region  Region  Region

; ‘ombined houschold

Nocommercialrefuse  4:03 4.60 3.48 3.20 3.73 - 9.28
Damchuon refuse 0.66 0:84 0.16 - 0.69 .16 012
I'ree Klandscape ‘ , )
¢ aefuse 0.18 021 ' 0.8! 0.40 0.13 0.3%

.

yDerived from Preliminary Data Analysis: 1968 Nadional Survey of -Community
Sulid Waste Practices. " .



SOLID WASTES COI LECTED IN THE UNITLD STATES!

Toral Urban
C[LT.YI

Pop. (1,000, Pop. (1,000}
Reporting lbsscap/day  Reporting Ibs/cap/day

Combined houszhold &

commmetcl refuse® 26,970 4.05 34,213 $.29
Tadusual refuse 29,330 1.86 25213 1.90
insututional refuse 20,533 0.24 17,337 0.16
Demolizion & construction

refuse 23,697 0.66 21,716 0.72
Streer & alley dleanings 35,240 0.25 32,705 0.25
Tree & hadsayping efuse 25,890 0.18 23,405 0.18
Park and beach refuse 17,230 0.16 17,006 0.15
Cartch basu refuse 22,010 0.04 20,042 0.0
Scwage teatnent

planc solids 20,504 0.47 19,100 0.50_

Total sol.d wastes collecred 7.92 8.19

11968 Nononat Sunvey of Conmuaty Solid Wasre Practices.

2l 1y of nterest o nate thiac the surves aidicates thar whae househiold wasees and
comiacienl wastes are collected semiracdy, the canbined ol heure 15 oaly 374
Ihs/cip/an (251 househiold plus 125 cemmeraaty, Por the urban sector ondy the

cortesponding fgures are 371 s/cap/dey (248 houschold plus 123 commercual).



;e ST L T DR ST R
REFUSE QUITPUT-<DOVESTIC,/AND COMERCIAL !
{Avg. values in.1b/capita-yr 1959-61)
) A Pepulation.Served ) , - \ia
~Countzy (rarpe "for corrmunities reported) ¢ -Range Medien

U.-S. A, . 50,000 -,8,500,000 . . . 1,100 £.3,790 .. 1,400
Fngland 7¢,000 . -18,600,000 ; k50 = 1,080 650
France . 50,000 - 4,500,000 .. - '« k00w= :900 . 575
Cermany 700,000 = 2,200,000 70~ 535 180
Scotland 500,000 -~_1,125,000 . k50 - 600 635
Sweden 400,000 - 800,000 4007= TS0 T 635

A .
, , 3. i2



13.53 “Conversion
Composting, digestion. An abundance of literature exists about
these types of waste disposal processes.
13.54 Direct recycling
Salvage has created much interest among research workers and
industries.
13.55 1Indirect recycling
Pyrolization, wet oxidation, bio-oxidation, rendering, repro-
cessing, animal feeding, etc.
13.56 Reduction at source
Reduction is achieved at the source of generation of wastes.
13.57 Diversion at source
The waste stream is partially diverted at the waste generation
source to a different sink land or water source. Much of the

garbage ends up in the sewage.

13.6 Solid Waste'Systems

13,61 Type
(1) Municipal and industrial
(25 Agricultural

13.62 Functions
13.62.1 Storage

v

(1) Conventional closed storage

’

(2) Storage in specialized container

'

(3) ©No storage



Lo

13.62.2 Collection and transportation

(1) Vehicular tranSportépion
(2) Pipeline transport .\
PO
\,‘1
chine
.',v_

systems for the
en proposed and

Separate pneumatic pip
transportation of solid wastes have be
‘ ~ )
a few cases comstructed. The 'costs-of such systems

s
i

in
appear to be approximately thirfy.timeé the cost of
o N ‘

'
i
)

standard vehicular systems. '

13.62.3 Processing (See Figure 8)
(1) Incineration e
Incineration reduces the wet weight of municipal

1
4

o

wastes by approximately 80% and the volume by approximate
“ N /I .
90%; ~it is,:howev%;{ an expensive operation (presently

o
sive than

sanitary landfill)

about & to 8 times'more dxpensi
, 1‘- )
expected to' increase still more as increasin

Costs can be
air quality; are established and enforced.

standards of

'

(2) Composting
Although many compOsting operations have not been

o '

successful, 'the potential benefits of composting can

not be overlooked. Most failures are caused by high

e

initial operation® costiand lack of market forj the

product,

(3) ©No processing
No processing assumes only incidental précéssing

that is not basicito the concept.
4



Figure 8. Sclid Waste Disposal Mzthodology

&

. - Char
// '
- ; Landfill <
- e —.—Incineration
s o —
///
. -~ Recovery <———-——=Compost
/ /"/. \\
Salvage Zi;/,,f’ \\\\\\\\\ﬁ\hall Board
. Feed
Organics
Gravity
Source ———s— Plicker =~ Separator
R \ - . - N\
\
. ferrous
AN : Inorganics
. .
- <.
w_Magnetic
~ g -
nonferrous
Paper Separator
- ~
~
\\\$~Sonic ////
Separator

N

glass



13.62.4 Disposal
‘ (1) Land - sanitary landfilling
- (2) Atmosphere
(3) Ocean

13.62.5 Recovery

13.7 Effectiveness Measures for Solid Waste Management Systems

'

(1) Pest and vector propagation . e

l

(2) Other physically disagreeable or harmful effects

(3 Séfety hazards

A

(& Incidence of disease

(5) Convenience to the waste producer |
(6) Adaptability to statutory or other @hanges in requirements
(7) System reliébility,%,”t' ' n: : Eour,

S (8) Production of~saleablc by-products
]

(9) Salvage of resources for return to the economy

"

(10) -Conservation of land resources. 'One can Optimize benefits such

- H s 2 LY 141 ’ yl v\\gll\u )
as this or costs. < S T f
N TR, TR A
13.8 Costs of Solid Waste Management Systems
(See Figures 9, 10 and 11) .
. B ) KR O f ‘
cooe Pt A P
13.9 Equipment, Requirements - - it R B

(Sce Figure 12) - w-ee e o= -
+ o \ , Vv .



Figure 9

400
300
«©
!
2
2
= 200
o
-
[
o}
(8]
100
0 . 1 I 1
TONSPERYZAR O 100,000 200000 300000 400,060 5€0,000
TONSPERDAY' 0 320 §40 £50 1280 1600
POPULATION 0 122,000 244,000 366,000 488,000 610,000

' Based on 6-day work week.
? Based on nauonal average of 4 5 lbs per person per calendar day.

Estimated Capital Costs, Energy and Manpower Needs,
Threa Mecnhanical Compost Picats (1970 Figures)

Cairlield tetroWaste 1InC
Capacity
T/dy $ x 10 hp Labor $X 10°* ~hp Labor $X 10° hp Lobor
100 1.4 900 8 0.9 1250 I 14 600 20
200 2.1 1400 11 1.2 1700 2.1 e00 28
300 2.5 1700 1 1.5 1900 25 2.7 950 36
400 3.2 2506 20 16 2000 30 32 1100 <5
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Figure 11

AMatertal Recovery System (v tiout shredding costs)
BasIis  Cost of siredding not mciuded, .., the MRS system 1s added onto a
system that inctudes shredding

COSTS
Capmtal cost = S660,000
Annual camital cost 6%, 20 yr Life = §52,000

,Opcrating costs

Labor—4 men (1 per shift) @510,000/yr.= $40,000
Payroll extras @25% = 10,000

Maintenance = 20,000

Total cost =38122,200

Total unit cost @121,0600 ton/yr =S81.01/ton

Total umt cost C186,000 ton/yr = $0.66/ton
INCOME
‘Ferrous (2545 of “as recewved” sohd waste @ S15/ton = =0.75
Aluminum G0.5% *‘as received” sohd waste @ $200/ton = 1.00
Glass, sand, eic., €15% *‘as recerved” sohw waste &€ $S3 00/ton = 0.45
Other metals CO 25% *as receved” sohid waste @ $300/ton = 0.75

Total income = $2.95/ton

Net income {186,000 ton/yr.) =$2.95- 0.66 = §2.29/ton
(121,000 ton/vr) = §2.95 - 1.01 =S$1.94/ton
For ferrous recovery only assume:
costs = S 25/ton

income = £0.75/ton
netancome = S0 5G/ton of “us received” solid wasie

Source Combustion Power Company

CPU-100~-Llcctniaity Production Only

HASIS. 3 power modules burning 110 ton/day cach 24 hr/day, 7 day/wk, cach
generating 2250 KW ot eleciniaty; “us received” solid waste includes solid waste
burned plus 139 air classitier failout plus 577w m‘;r loss on shredding

“As recerved” solids waste = (110 toa/fday) (3)/0.80 = 390 ton/day @85% utili-

zation (310 way/yr) = 121,000 ton/yr . !

COSTS
Capital costs = $6 ruillion
Annual capital cost 65, 20 yr = $522, OOO
Un.t capitcl cost @121,000 tonfyr .- : =34.30/ton
Operating cost
Lzbor—16 men {4 shifts) @S13,250/yr = $212,000

~

' Payroll cxtras @25% = 53,000
Maintenance = 252,000
Utilities (900 kW @S0 010/kxWh) = 76,700
Total annual operating cost = §593,700
Umit operating cost 121,000 ton/yr ! =$4 90/ton
: Total cost = $9.20/ton
INCOME -
Electrica! 5.02 X 107 ¥Wh \:VSO'.OO7/5<\‘/}1l= S352,000/yr
Unit income 121,600 ton/yr ‘ ' =52.91/ton

Net disposal cost = $6 29/ton

Scurce. Combust.on Power Company



Figure 12,/

o

AVERAGE EQUIPMENT REQUIREMENTS

' Equipment
Population Daily tonnage No. Type Sizein 1b Accessory?
0 to 15,600 0 10 46 1 tracter crawler or 10,000 10 30,000 dozer blade
n rubberstired', land{:! blade
I ' froni-end loader
‘ " (1- to 2-vd)
15,000 to 50,000 46 to 155 1 tractor crawler or 30,000 to0 60,000 dozer blade
rubber-tired” landfill blade
' ' front-end loader
[ {2- to 4-yd)
\ multipurpose bucket
i scraper
dragline
waidl truek |
50,000 to 100,000 155 to 310 ltwo2 tractor crawler or 30,000 or more dozer blade
rubber-tired iandfill blade
front-end loader
(2- to 5.9d)
. multipurpose bucket
¢ sc'rapcr
* dragline
water truck;
N )
100,000 or more 310 or more 2 or more tractor crawler or 45,000 or more doser blade
’ rubber-tired. landiili blade
‘ : front-end loader
' maltipurpase buchet
2 1

5]
scraper
dragiine '

siéel-wheel ‘compactor

road grader !
water truck]

Scurce: Scmiram Lond N Focts US. Public Hea'th Semace Pub. N v 1762, Dept. of HEW, Wak <. D.C., 1977



Chapter 14

AIR’POLLUTION\PREDICTION MODEL
14,1 Objdctive:
Construct a mathematical model to predict future air pollution:
emissions
concentrations
costs—-to-abate
for a typical United States city.
14,2 Coanstraints:
14,21 Model must be driven by city growth parameters predicted by a
population model !
14,22 Model should have the capability of being manipulated with
3 either pencil and paper; calculator, or computer.

14,3 Background information:

14.31 Late 1940's: Pittsburgh, Pa. started cleaning up its smoke
problem. éhe invention of the electrostatic precipitation made this
possible
14,32 1950's: Many cities deﬁeloped air pollution problems, due in
part to the vast increa;e in éutomotive,activity. %.e.
c Los Angeles |
¢ New York - A

: Chicago . !

\ Houston



14,33 1960's: Many new techniques for air sampling, analysis, and
clean up were developed.{ More rigid control laws were ena;ted.

14.34 1970's: Federal guidelines and tough new state laws are forcing
Ehe/abatement of aif pol;ution:problems

14.35 1975;76: Automotive engine pollution control laws will beqome

- effective.

14.4 Legislative bevelopment

14.41 1953: The public health servige established a national air
~sampling network. <
14.42 1955: Federal air pollution research apnd technical.assistance
. ;
act. Directed the Public Hea;th Service to conduct Fesearch,
: provide technical assistance cto states, train persénnel,‘and
disseminate information.l

14.43 1958: 1st National Air 7Poillution Conference spousored by the

Public Health Service

14.44 1960: U.S. Surgeon General e;tablished the Division of Air
! Pollution as part of th§ Publ%c Health Service ©
14,45 Late 1960: The 2nd National Air Pollution Conference
14.46 1963: ‘Clean Air Act ofi 1963 intensified federal air pollution
control efforts. ~ . L

14.47 1964: Senate Special Report,: "Steps Toward Cleaner Air"

4

rccommended legislation'to reguléte autonmotive emissions
14.48 1967: The president prboposed strong national authority to

control air pollution, however, The Air -Quality Act of 1967

retained state control.. 3

14.49 1970: (Clean Air Act 0f:1970, requires vehicles manufactured

during and after 1975 tb reduce CO and hydrocarbon emissions by

90%Z of the 1970 legal emission rates, and vehicles manufactured
i



during and after 1976 to reduce‘NOY emissions by 90% of the,

P

1971 vehicle measured emission rate. )

>

. . -
i PRS- S e

14,5 Technical Background

-“-‘"--‘L‘)’Ir[‘ J-.IIL " YJ r-l\ r*..:

ceoedlpenos v oa L2 2ok B R U Y S
14.51 Air Pollution: any substance subpend;d in the air in sufficient
SN r

A PO

[N} . . ' -~
Lo (J.Aun“. VAs LT g ¢ RN

conccntratlons to be injurious  to health, we’i-belnb, or harmful

, LIgnnlsoen S~y o

- .

to possessions.

14,52 MaJor Pollutants:

Ty Y -
R .’. T , 3
S e 2 ’ [

ParC1cu1aL;s - from any dust genera..:.nf7 source

- A ;o
]
- ‘o IR re o J

Sulfur oxides - from heating of sulfur-containing compounds

I EAFSPEEN

Carbon monoxide - natural result or oxldatlon with an oxygen

o

deficiancy
Nltrogen oxides - from high~temperature combustlon using atmos-

} . pheric: 0X Ly gen

Hydrocarbons - from unburned fossil ruela

Cornlr 2 L0

14,53 National Ambient Air Quality Standards

S . i, P P - y

f

Primary Standards: protect publlc heaan

.
"

Sacondary Standards: protect public welfare

- er A @

14.54 U.S. Primary Standards: f

- A% o L

Particulates . . « +« o o . . L. 75 ug/M3 ’

N . )
. ~ o .
+ - A B

8O0,. « v v v v 4w e v e 2. .. . 80 ug/M3

L L 100 ug /W
x R

Hydrocarbons . . . . » & . « « . 160 ug/M3

14,6 Data Gathering !
. }
- )
14.61 MNeed city data that will corrdlate as a furc;ioq of the

demographic parameters, :l.e. ¢missions as 3 function of:



population
income '
land area, etc.
14,62 Requested reports for consultation on the metropolitan
cities air quality control regions:
50 cities were contacted
31 cities responded
These reports did not contain sufficient data.

14 .63 Requested the following data from 120 cities:

Emissions data‘(Tons/unit time)
Particulates
802
CO J L
i NOx : i
Hydrocarbons
14 .64 Demographic Data:
‘Land Area (Total)
Zzoned: Industrial
Commercial
Residential
'Population
Per Capita Income
.%/Capita Income from MFG
Z/Capita.Population Employed in MFG

Only 23 of the 120 cities provided complete data.



14,7 Modelling

14 71 Model Structure (see Figure 14.1)
14,72 Data Processing

Input

Demographic L . )
Data .

Outout 1

Emissions

"3

Qutput II

Concentrations

14 ,72 Only 3 demographic parameters were found to have a usable
correlation with emissions data:

Population

) 3
S

Number of automobiles registered in the country

[

%Z of the work force employed in MFG
14 .73 Since the air pollution is from three major sources,‘these
three parameters should provide a measure of:
- Domestic pollutioh
- Vehicular pollution

-~ Industrial pollution



Land Use

Retention

Figure 14.1. The Air Pollution Model

Input Variable

Population
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14,74 A multiple regression analysis is suggested here:

However, this technique is three dimensional so the three
parameters were summed and a linear regression was used.
This summary requires a common meén so0:
Population % 0.000
2 of work force in MFG -+ Q.437
Registered Autcs + 0.261
Input parameters used later are:
Land Area
Concentration Standards
" So now a linear regression’is useq:

'
[}

14,75 The correlations can be seen in the plot of particulates against

the sum of the demographic parametérs (see Figure 14.2).
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14.8 Model Davelopment:

14.51 ﬁmissionlfquiqgion
lQ:Q.?g‘lgcpte a PRiQF;ﬁyi);°¥ﬁ?‘EFSFESSiPn line, usejthe
bqsiq l;ne,fopmg;gzih
" y! =4+ 800
4. BUL: - X 1is now §Xi
so, y' = d+B(2Xi)_it
After shiftinag, Xi becoges Xi, so
y'=d + B(in)
However: ZXi = ZXi'+ K(y'= ¥)
Therefore: y' = d + S[EXi + X(y-v)1
However: y =d + B(in)‘
So; The final prediction formula beocomes:
l"’y' =d+ 8(Ix, + K@ + IX; - v
B. Méﬁéured Emissions Correlation Option
y' =d+B8[I + K(y_ - )]
where: Yo = measured em?ssions in tons/mizlyr ‘

C. Vehicular Emissions Reduction {Clean Air Act of 1970)

% of Reduction = Pl X Pz‘x P3 X P4

where Pl = % of total emissions by motor vehicles
'P2 = % of light’duty vehicles
P, = % of new vehicles each year
_P4 = % enissions reduction required by law
10
Amount of reduction = y'i~ 7 of reduction I
1
where: m = 1 - I
I= 1974

i

i=1975,..., 1984



D. Concentrations Predictions:
1. Needed: Predicted emissions .- - . .S L -ed

. ..-.ﬁ‘__ . . _:‘ e
Meteorological retention
s R A A FO T B B SRR ;(",,‘ \r’j,ln: [ . e,,; . .
meee 2ude e Géorge'C. "Holzworth“devéloped these ‘retention factors

for the United Stétés”f§éefngﬁté 14.3),

ST ;- Tz 3
To find the correct retentiod for a city
. ] o

e . 2
- determine city diameter "in kilometers from the
|

§
! \ »
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‘

The concentration prediction formula dis:
c =y’ (.0111) R¥
where: ¢ = concentration in ug/m
y' = predicted emissions
(.0111) = changes Tons/Miz/ year to ug/Mz/sec
RF = rétention factor
3. Standards excessiprediction \
E = y' - Standard/.0l11/RF
4. Abatement costs prediction
A = E($54.59/Ton)
14,9 Validation: 1
The model was run for 9 citiestwhich:had measured emissions available.
Predicted emissions were compared with measured emissions (see Table 14-3).
Predicted concentrations wefe compared with measured concentrakions <
(see Table14'4-Fiéures 145, 14;6, 14,7 and 14.8.)

Excess cmissions and costs-to-abate were calculated (see Table 14-5).

14,10 Model Limitations: .

1. No more accurate than population model
2. Probability model - possibile world was not considered; goals of
a city were not considered!
3. 1976 cost predictions ggli - inflationary trends were not considered
4. Model accurate for 40,000 » 2 million population only

5. Poor for cities with littlre MFG or with nuclear clectric power

6. Poor for resort areas (autos are not registered in county).
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CHAPTER 15

Ll

TRANSPORTA MODEL

TTO

15.1 Introduction

i

The objective of the-transportation sub-model ié to develop a method-

1 . : . !
ology which can be~used to assist in the planning of aqﬁprban area.

.

R T )

network systems transportatlon model was developed 1nLt1a11y

to some dlfflculty w1th 1‘ne mathemauy ;l{programming1uséd iﬁ

4 Yoa

'
'r !.

the format of the network ;:ansportation model will |

- \

next section of this chapter. ',

P

it requires furtHer teatlng berore,lt -can be used,

A

+

~

bu

"

due

T -

the model,

! H ? :"'v\

2
‘-

The d~ve10pncnt and

n'd

pssed in ‘the

e e 4w “ e

PRI . . SO
Traditionally, the transportation plan of an-urban azres is formulated
- I
. : . i s . e
based on & tatal transportaticn plaarmiiyg proc=ss, SJeveral veArs - -2gs, the

Tulsa-INCCG érea conducted a transportation

: . Lo
stldy based on this process

* PR .

o

The results of tnnt stucy were several altc-naﬁlve Lr nsporLatlon rlans

To ilihstrate how
o o I B ) |

for the areai

the com pleue urban cystbn nodel,.

“ - N .
o«

is~also inclhded in this chapter.
S Ak SR

. ’

R

o
L0

.
ne

.15.2 The

. the to

BN

the‘traﬁspo

rterson

P . .
4

5

ation secto it

a«Fl:

a]ptraﬂstV“atlon

O

planning. process

N L.
RSN o1
' - . 5
e eeaa s . [ <3 .«
R ,“'\Y M
1 1 * . TN . “
e\ .
\ NS
" 4
v
\ W

trrork Svstems Transo

‘Sub-todel

Tﬁe abjbétive c%‘thi; §q§£;ode1 is to develop a transportation dystems
design model whicll s baséé $n goel-dirvecrod/ackwardisee klng?mode; systems.
In this sysfém oun 2 a;:s);ith ?ﬁé’éégiénég;AAVWJULHQFE£OA15£ Lr:nqpécLaLLoa
alternetives and thon ories o7 p*ﬁf@ﬂdvﬁhrongﬂ\rhe consecuences ot altarvarive
plans tnr thd scichiion of tﬁz ajf siedt which will bcgt, or at least




hie desired goals., The significance of- this sySCCﬂ

7]
o
s
-
0
r
|43
[¢]
ot
o
r
r—l.
o

\‘:

-
£
na
s

]
-
[¢#]
r‘-

is the likely increcase in efficiency with which goal or optimal alternatives

: T TR . c e i
can be found and then sclec;cd This planning model is dn extension and-

a goal-directed'model system devéloped by Morlok for the

w 5 - - I

Northeast Corridor (1), for am urban area.
v R Y U .- ;
-One of the major distinctions b¢QWeen.§heJdiffqrcnt kinds .of planniag

h Fr - P . PR . : N
. . IR - . \ [
I

models is whecher it is an action-directed or a goal- dlrecteé,quel system.,

n the action- d‘rectea ﬂodel system each alternatlve 15 cons dered in

. - ' -

turn, its consequences are.pre dlcted and evaluated and, finally, a choice
' - Ve T,

is made. Thus, the search is structured around the generation of altere-
natives; which, -it, is hoped, Ulll conform to the objectives, The existing

action-directed.planning models, cannot be reversed becaJ e these models

. cLT o v -

1

are not analytical’'models and-

Ll")

- [

owsequengfy“do ifot possess enough theoretical

structure either to pemit opexaglon in both d ect;ons, or to evaluate the

4
3

consequences 'of a given .action. . Then the altefnat‘ve plans consxdered in

ok 3 S .

a standard transportation study are far fewer than the actual number of
. PR . .qv,: e af ’:k A ".-‘4,7.“‘_ VT s - - . R

altermative plansiiwhich,ang,ﬁliqisubjecg to the financial, time and
N . . L LN ps 20 PN N ‘ ' i [N ' '
dimensional constrzints of the problem. '

. Kl ~ 13 .

. In the tase of aoal dl*ected nodels, the . sea rch may be intuitivd in

. I
the sense of’ design, or it may be a Lornallzcd'llnear pro amming‘model.

In thg‘first¥qase the 1nput Ior sexectlbn is, several sets 01 alternatlve

..-.v.... -~ .
. - M P .

actions vhereas thc outvut of sclectloﬁ 1s a set of consequenhcs for’

B ] .

-

cach ge'\of‘the.acglons. In the sccono éase %hc input is a setvof dcsxxed

- s - " s t
P I . . IR S

ccnsequcncesﬁ and the oaLput is Lhc rcqui ed aeri n set., Therein lids the

T fy 1
. Lt N

reason and nsed for a flexible and efficdient ﬁorma ized computer-baséd

V. ooy



design model. The second version of the goal-directed models is also

called "the backward-secking model' because it starts from the consecquences

and proceeds backwards to the action.,
P

15.2.1 General Model Descrintion

The components of the transportation system which are being considered

in this mcdel are:
(i) activity systemn,

(ii) vehicle or person flow network, and

(iii) fixed plant network.

i

For a transportation study, a city is divicded into traffic¢ zones.'

These traffic zones are connected with each other by means of a network

which is called the fixed plant and consists of a series of links and

“
£y
(e}
[$8)
a3
]

nodes, The ‘links:of the fixed plant correspond to routes

n

uca a

tinacions

9]

and streets, while the nodes correspond ‘eithes to origzins and de
of travelers or to intcrsections or interchanges. The network is charac-
terized in terms of such information as strect width, capacity, speed
limits, distances, locacion-coordinates; ectc.

The sequence of links which is used by a vehicle to travel from one
zone to another i's called a path. Theré may be one or more paths bétween
zones., Each path is characterized by variablks of functions which are
relevant to travelers' trip-maekiag decisions, such as travel time, walking
and waiting time; parking cost, fare, frequenty of service, etc. These
path chavactleristics are called level-of-service variables. Some of these
variables 5ro a function of the demand volumd. In order to deal scparately

with the changes in the fixed pleoat and vith “the changes in possible paths



and path charvacteristics (in any given fixed plant), the path network is

called ihe vehicle £low nedwork.
Opilons about metworks include the general coufiguration pattermn of

the network as well as the approximate geographical location of .the links

of the metwork. LChangan the networc'conxlruratvon can be done by 11tro~

ducing several other supplemental links or changing &he r;latlonsnlp of

Ve

~& link with other links by adding .or eliminating intersections between

links, or «changing the <characteristics «of the link itself by changing
:its physicdl 1ocation or widening it. Other :options axre those regarding

the number and type of vehicles that run over ‘the link'as well-as;ﬁSeeas,

i B
: ; : X . ¢ g e
;schedules, stopping times and fares. So there exists a w 1d range of

_'r

soptions which might be considered in tra ncportatlo $Tanning.

.- Besides making change SwLu Lhe fixed plent ﬂetwork.and the veéhicle

Y vy e tearld e mmim et s R T .
Flow netuvork, new tecnnClogles can be in'troduced. ©One possibilicy is

'

inary -~ for exaiple, the choice of add 1;g;éfnewklink;orﬁnotﬁin‘the

network of & part ticular mode, the choxcé of us:l.k.o a particular tech wmology,

‘w
or the Cloice of constructing a new terminal. ' Other «<hoices, namely
- . i
those within each model technology, can 'be represented as continuous
chcices with .2 range of values.

152.2 1Input Models to the System
) R o |

Ihese'modelsyare used as imput models .znd they :are:
7 \ - -
A ,

\ (i) Boston direct travel -demand model,
(i1) the metwork performance or supply .model, .and
(iii)the cost models.

The travel demand model is a ''direct travel demand modei™ {2). In



a dlrLct‘travel dcmand modcl the travel flows bchcen orlgLns and dcutha-

e
QU? i . Co ‘S‘rqﬂjr {-L/ p

tions are Vpressed as a function of the charactcxlstlcs of” the peomle at

origins, tHe ac;1v1ty cnaracterlstlcs at destinations, the characterlsuics

ofrtHé'véHicle flow network, and the level-of-service variables pertaining

- . a4 oy . . ) -

s ox

to é'fixed“pléh&. ' The first two sets of variables, characteristics of

N

the origins and destinations, are given inputs to the planning model system;

while tﬁe last two the vehicle flow network and the fixed plant, are the
subject of the present model. Tﬁﬁs, the travel demand model-acts as a

liaison between the activity system and the transportation requirements of

Ve e

that' system.,s = T

Thé second input models are supply models: A supply model chardcterizes

the performance of the vehicle flow network. Some of the supply modéls are

functions, such as travel time being a function of demand volume, street width,

- o :'-»1-- . LI ~ A oo 31 e - = 1. - T en £on X, PO
aad access conticl; otiiers asc Just s.io ple nustbers such as Ze arg, Lrequency

or parking cost. All these functions ot variables characterizing the :
vehicle flow netwdrk fall under the heading "supply" models.

The third and last set of imput models arde the cost models. The costs

are, of coutse, dependent on the characteristfcs of the fixed plant,

on the choices made ‘with regard to the vehiclé flow nétyork, and on the"
flows in thé netwdérk. For example, the froad éqsts are a function of the -
desired road type3kaccess-contrpl vs. nd accegs-control), of the desired
level of service,'and of the length»and;1ocation~of,the.roadWayJ The ‘

bus costs are a function of route lengths and frequencies on each route; a

bus capacity cost may also be a pertinent cost, :



U

23 Plon Bvaluation

-+

For this study the .method .0of evaluation i1s the minimization of costs

subject to the .achievements of desired levels .of benefits. Minimum cost

cvaluation, giveﬁ:ﬁhat.certain objectives ("‘benefits') :are .attained, has
a relation to¢cos£-effectiv¢ness:andtys%s”SWhidh;wasJpecent%y,spggested as
a scrategy for the evaluation of :alternative tramsportation plans (3). \In‘
cost-effectiveness analysis, there are two classes 'of information, -costs
and indicators wof effecitiveness. ‘The -evaluation .of ;he:abternativés and
subiective choice is based .on these two classes of information. The
effectiveness measures are the measures «0f "'benefit', that is., measures .of
the extent to which the alternatives .achieve the ﬁmacgd:objectivés. “These
stated objectives may again be assumed by the planner .or proposed by'the
dzocision-maker foénanalysTS'purposes“'7Ih»£he”b;esent:modei the dbjeétives
are related ‘to thé performance :of 'the tfanipoﬁﬁéﬁion:{ystqm. In spite
of substantial heuristic .evidence .of ithe relationships between the
transportation system performance and .tie actfvity system performance
are measured by employment, poverty, ecdnomic*development, wetc., the'
prcsent‘moaél does not include ‘these reTFationships since the ‘model”s
solution algorithm requires analytical felatidnships. Hence, «demand
is the only relationship linking the-aciivimy%and‘fhe tgaqaporgaxioﬂ

‘ )

I
systems. Of course, the transportationsystem must .be - .designed so that

the capacity is :able to .accommodate the 'demand.

-~ -
; v 7
3 .

i

15.2.,4 iathematical Operation of the Model System
' . g 19
The mathecmatical problem presented in the previous .section is &
" N - . v
constrained cxkfernal problem, The objective is to find a minimunm .cost

0 .



4

transportation improvement program for a given level of _ffectivencss.

\ !

w
-t

b

Thus, thie levels of effectiveness (the objectives) are specified fir
’ ,}ﬁ/.w_«r;fh . .
t@‘!ﬂ M35 Lo

SRR Ty

and ‘then- the model system seceks the minimum cost improvement .program,:”

,

" It was noted.earlier in'-the description of the transportation system

that> tradsportdtion 'improveménts relating _to fixed plants are of a binary

' \
\

naturd whereas improvémentsirélating to vehicle flow metwork are continuous

..",; . [ e . N . - v, 2 £ e -
in“nature. It was also ndtéd-that’ these two kinds .ol ifmprovemente need
different kinds of mathématical.treatment.  This need for separate mathematical
treatment deriVes' from the fact that it is better to use dynamic programming
when binary wvariables are involved: (fixed planés) while. linear (or separable)

. ) ‘ . s
programiing is more efficient in dealinglwith continuous, variables (vehicle

flow netwdrk). THis combined dynamic-linear p%ogram is .proposed -by

Norlok (1) and‘works as follows:

fach stage of the dyanamic prograrming correspends to one time period,

and the states in-a given stage -correspond to different types of the'

fixed plant: For each fixed plant there exists an infinite number of

choices reégarding the vehicle flow network; these choices are made by

using ‘linear programming. Thus, the linéar programming is run.for ehch

oo . . v d . . . Z‘ . i .
fixed plant’ (state) and for each time périod {stage), to arrive at the

optimal -vehicle ‘flow network, The’resu{tsuofgthe linear programming

runs are then entered into the dyhamic érograhming problems. For each
state anmd s%égé'éhe discounted ‘Gperating costs of the vehicle flow metwork
and discounted cépitai costs -of the fixed plaﬁt are entefed. The dynamic

I3 ‘ . \1 . - !
programming then selects the optimal transportation improvement program

B
\

N ‘
N -

over time. * ’ : -



It is important to note that different plans are not represented in

terms of different fixed plants but ir. terms of different levels of

.- F sy A m
e I S 4 o,

effectiveness, that is, objectives. Differént types of governmeant policies

0’,

veglirding

transportation and their effects in network improvements. and

i“»__‘

on costs may be examined_pymghgnging the effcctiveness constraints.

« S

oy
! iovr,

Another important coasideration _relates to the uncertainty of the

forecasts. The effect of_uncer ainty on network 1nprov;mc1*s may be

Lo gy ;
examined by undercaking a- seﬁslt1v1ty anGIYSlS of the various paramerers
vt vy ‘J‘..- P

- -

in the'model systen. It is well known that this type of sewsxtzvxty -

.- o v _,) ‘}_f‘_ I

wre e

QHQIYbls is often &n integral part of any lﬁnear prograrming aoplicat*on.

It appedrs that the nocel systém presented above lends itself to

. L L AR
-

a131} is which helps the. dec1910n-makers to select reasonable choices.

S

) -

Lled -

vn
i
"
'

h

18.2.5 - Modc) Strusturae R R A
- " . L 1 i N
4 ;a.'_..a,.b\ o
There are four ma jor cowponents in the network systens riodel s .
- : ) L,k’_;.a; oL i B i
i - R .
- (1) the netwprkﬁgeneratiqn_model, ST L ,
v i -
(ii) the optimal mult1noda1 networ& model (auto and bus only),
' .- l,‘,.,,:
Lo i-;:(iii)ghe capital cost model andw”“.
- r ' 1 L -
(Lv) the optimal network deveIOpmen; model, - " < o L
} / 4 R T R,

[

! S <ol ;

These four models, a101~ with certaln human iuteraction, are shown in

\
their log 1Cul relatlonshlp to one aqother in gigure 152.5-1,

L -

. The model system begins by generating all possible graphs which
* ! §
mights be used to. connect the noces rep;esenting various zoaes in the

study areca.' These graphe rcprescnt borh ODbSlble fixed plaﬂt networks

-~ A e - - - . . ,.A_‘r,:,

O LA
and possible netvorks of vehicular flows. The graph—gcnéfa ING Progras.

; o
if . : Lo
may also be used to identify possible paths of development or -expansion
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of ecitiver thercexisting network or modifications of it.
. ' - l

Once the:adnissible multimodal (auto. and bus) mnetworks for both

r

. A om g

he fixed plamt and vehicular, flows have been identified. for each time:

. [ «

i

Tt
o
i

PR
< -

- 4 5 )

pcriod‘unde:;ahaiyq s by employment of boﬁh.tﬁc-ngtwork‘generatiqp model
and‘humén‘fntercctiqn,xthe‘:nalysxs proceeds,tostnc 07LlMal multlmoda

L
el

&
:

network: operations model. This model essenLlally accepts as,glven for

4aa e a e oa

i~

et - e T

Ll s

each run, the fixed network of the‘transportg;io o system and. certa in

s L
« Maw daou w0

LN

EEECRY

cholices regarding the operating, rules for that system and'the>désired

levels of ertectlveaess of the. transportatlonwA&éxem.‘ On the basis.of this

,

informatiom-and ceértain consequences-of various operationmal choices, this

nodel proceeds,to selﬂct'the=op£1mal medhod of system.operatlon in. terms.

. - e .
v s [ et LTy e

of such, varlablesaas,xrecuencyr trawel tlmc, pricey, ahd?capacity, - Thes

B

Dellnleo oyt .
i L

o us . e T i PR y )
oredlctlve relat ;onshxpsulncmuded ¥ thi's o bde refer to:-the cost.of* ..

) .
- R CENr 4.4 - .
i 3 iabic

e 2 B ]
cperating, the verious. nod;s, CECHHOLO”ICaw felat

- .,

P i s U SO N
foifstiips- slchi-as->capacity

lu... D) - -

LD

relgtLOdcnlpsa and travel demand'functldnsm & constraints  which rbflect

’ ' ’ - ‘? - “4-“'>~ [P x: MM &
Tevels of effectiveness. cawm refer 5 a ﬁlde ranae‘oi pos ible- types: of.. -
- Toclne wiTas o D s, s

effectiveness medsures:, ranOLng,frOmlpure Teuel" of* servicesor accessibility

e e T e e e e R
constralnts,to.xmpact relatlonsnxps:deaﬁlng with' the soctal:-state’ and human

] " lL -
St - (ST [ . - r

oppoxtunluy 1eve}s. : R SIS ST
: - N Soe e .y R
. Vg . TSNS T S s Y L B .
Thls\modelixs,run for each fixediTtetwork and*set’ of possible Iin!
. - B T T s SV s S - . o
in the vehicular f£low network. for éach. time periodi under comsideratiomn..

N -

- T e N R ARSI Wi e '
It deletes. “from further consxderaxlon\thosevnetworkszwhlchfcannOt:be

e

operated in such ia mennecr as td achlcvb the desired lLevels, of effectiveness,,

. . ) . g i
Once the set of transportationm systems which are feasiblie,in terms-..
of levels of cfféctivencas for cach time perifod are identified, thenm the
a. . 0
choice of the actual peth of development of ¢he transportation svstiem,.

&



in terms of both capital investments and opecrating sci. s, is audressed.
This is done by associating both the operating costs an capital costs,
appropriately discounted, with cach possible alternative path of system
development. Di§c0unted capital costs are calculated by the capital cost
model., The optimal network model considecs each possible path of network
development and selects the one which achieves the desired levels of
effectiveness, corresponding to each time period in the analysis, at

the least total discounced cost.
152.6 Analvtical Form of the Model

. L
p
. Objective Function (Costs)

~

T

Functions of the fixed plant of the transport system are to be

A H

optimized, he cheices are made as to system operations and flows on

~

the network at each point in time, The cost at each time period is
' € {

i

represented by a function of capital costs and operating costs. The

i

capital cost function at any time period includes both the improvements

made from the preceding time .period and the plant in existence at the time

’

considered. Road capital costs are related to actual performance measures

]

such as vehicle flow capacity and vehicle travel time. Road operating
costs are associated with the operatioun. of motor venicles between each
pair of zomes, or the quantity of trave? demépded over all paths between
each pair of zones. The operating costs for{buses are associatecda with
the number of vehicle trips operated on each Vehicle flow network link.,
A general form of the objective functich between zones i and j for an

area is given as follows: -



asc,, + b, +terd, . +def
ij-auto ijk ijk ij bus

where, -- éij auﬁs = Vehicle flow capacity of road link 1j, vehicles/day,
tiﬁ; Co= Tga'véi time d:i,ro‘{id ‘linlc"i_;; by mode k (line haul '
T time and access tymg){ minutes,
i jk = Daily person flow frowzaqge:;4qo j by mp@c,k, trips/day,
.fij bus Daily vehicle trip frequency of a bus on link ij,

trips/day,

a,b,c and d Parameters obtained from Morlok's (&) study'of

transport technology.,

Constraints 1 ' .

L) Démand Functions

13

The demand functions used in this model ate based upon the concebts

of abstract gransportatioﬁ mode demand models, in which the demand for

)
.

4 emLe s -~ ~ by S =
teavel ca eazh mode betweoen each pair of

ones is related to the chavace
y .

i
teristics of those zones and characteristics of the competing mode. The
' . L .

» j . : K] :) .
quantity demanded on a particular mode is related to the travel time,

frequency and price of that mode and the travell time, frequency and price
: 7

of the competing mode. The general form of the constraint is the follewing:

: o 2
d s a.°t. ., + b.*p.. -c.*°t, .
Tij aute © 71 Tij auto 1 Pij auto 1 71 bus

where, - pi = Price of the. trip-associated ‘with mode k .like access cost

and linehsaul cost, §,

v

al,b and c_ = Parameters obtained from the Boston direct demand model (5).



(2) Technological Constraints

This constraint cnsures that the capacity chosen for a link is

- e

sufficient to accommodate all of the traffic flowing on that link. There-
fore, each link capacity .is constrained o be at least as great as che
sum of the demands for road travel for all paths of the person flow

network which use that fixed link.

d.. +d,, <
1] auto Jji1 auto

where, L = Average auto occupancy = 1.5
For a bus, it is required to provide sufficient vehicle capacity on

each vehicle flow link to accommodate all the passengers assigned to it,

1 A Y.-

which is given' by

"

| 1

+
dij,bus :dji bus bus

[
[ SV

and

‘ <
2.Cap; 5 bus® fij bus

where, Cap Bus capacity assumed to be 35 passengers.

ij bus

. - . ~ l
in the absence of a strong supply model for the bus for such functions

i .
as waiting and walking times and its effect on the access time of the

ot

us,

an approximate model was constructed. This model is based on cthe variables

of bus route densities in the zones and the bus frequencies. Waitiag

,

time is assumed to be 1/2 of the headway between successive units, and

oy
|
}

walking time is a function of the average travel speced {or a person

walking including delay time at intersections and existing bus route



ri

zone, Bus route density again is dependent on the.

—s
4]

cu

e

density in a part

linear miles of. road in a zone on which buses are routed and the area.of

- . it > o - - P ‘
ot - [
E B N N -

the zone. The following form: has been used:

o

. N o » o - - " ' “ -
(AP 8RD + 8RD: .= £, =46 o0 L e L.

ij bus j. oij.bus.” ot T

' R i R e T L 1 T
where t!, . = Access. time for bus moderon link.ij;. Lnutes .

1j ous. . N e e o
Rt 3OMSVIT LA vy BroDos g a2t Q‘:.OL“ R -
i RDi = Road. densit ies.in.zone.i.. A

(3) Level of-Service or- Access Bilrtﬁé

LA

- 1:'._1. .:'J,
Accessibility.

I . h [SRR I S R TR .
co1s;ra1ﬂts reflect. onextype “ffeffédtiveness measure.
- '3 ) i

which cam.be used to evaluate. alternative networks. in-thér general~1etwor£w.
3

generation and.evaluation schemes. Acces ibility is.defined.as. the easeé.
. - R
\ L <o ~—--~m,( ve PRy } '
WLthtnlCH travel. can. occur: from a.particular zone to other  zones., Sueh
ak».»\ £l RN \)' ,;;A ,'T,_ R . \4[,.{ p;‘.m\“” o :;I"
an accessibility objective Eortgyp‘ ticular, place—ls ref;ected 1n a
S N L T I S S P .

constraint:. on the,level,qfﬂseryife'cno;ces .0l the.modes. serving. that.
| ’ o Tt ST SOU AL LuTmaan o e L

zone, -These. are,.of coursé;.dggeqt AN related‘to the.cholce:variables
- - P - L 2 el Bt TN : ,_,: *JU.‘ ')‘7‘ .

of modes. (frequencies, capacities, road’design; travel ;lmes and. travel.
"ht’ [ SO
LR VR ‘.Jw_,_,d 'H,.__,"Ax_, .

costs). Some of these act as upper or lower bounds orrbothzfor‘choxc;

variables: ! e

vk )
- - oo 3 ¢ :
LRI S S A o ! r Tl ¢ "
: o L [ 2 v B A £ N
15.2.7.- .Model.Validation, . N
: 7~ i o et e Tl e 0T e T ey

... The;validfty of this transportahlon plannlng mOuel is. dependent upen
. o " - o R T SR SOty

alidity of its component mod»ls, which. are. amdxrect damand model

] i
i . L
"~ ~ 1 .
R T ~

cost model ano supply nodel ’Thé?mhin“pdrboéc*bf?thefpréséﬁtxétudy~w5§sco\

S
7y

construct a Lraqsportaulon plahn ﬁg'ﬁodelhahd“ﬁbt tocreateérnew; strongiand

effectivéléémandﬁ supply and cost. models) to'be utilized for prannxﬂ <PULDOSES,
. 1 :

N

‘There was no reason as well.as time coicrcatf;new models. Hence .nelp of.

3
.
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o)

cxisting models was sought such as the Boston Demand Model, Tulsa cost

It was lmown that some of these models, especial
si

T

model and supply model,
supply models, are not efficient, as in the case of access time for tran
to help in comnstruycting a flexible transportation planning model. The

ggregate validity of these models can be given as follows:

Boston Demand Model

Error of 65% of mean level of transportation volume, which is better

than the conventional UTP, of error 140%.

Supply Model

For a highway'this model is good as -the parametric values of different
In the case of transit,

choice variables are predicted quite precisely!

it may be poor as no rescarch has been carried‘out so far in the variables.

The most influencial factor is the access time of transic which requires

more predictive studies,

Tulsa Cost'Model’

This model isg fairly good for a transit mode, but in the case of the
some factors which require further study. The effect of

there are

highway,
on costs is yet to be established and relevant functions developed.

4
l§

location
The transportation planning model s still at the stage of mathematical
operation, and no-definite results have been achieved so far, hence It

is difficult to establish its validity &s a part of the larger model.



5.2,.8 Conclusions and Recommendations

,

o - - . - "

The model to be produced is meant to serve as a public policy riodel.

“For this reason it must be of inveoractive variety and permit great

[ Sh

~chlollL£ywath rE"aLC to changes in consequences ”Bbjﬁttives and trade-

R bl

v

MY

of?

‘s and various monetary: constralnts”£~The cutput .0f the model will oe

= o - wraihna PN
-/w»‘, - 4 o N r e Zima a

Tia

) [ v," -
\c. W F N z_“f;v) Tl

a*program for implementation;: cast in thrns of traﬁsuo tation systems

options. This program will have some deSLrable,(sat sfying (if not

Yoot Tl ] -
-

s
IR ..As‘,ufx -

optional) properties., This~modeling metnod will. allow._.a sensitivity

analysis with regard to options, as the values of various parameters are

likely to be questionable. Thi% sub-mocel’or & transportation planning

e
AR

system for Tulsa will become a, part of the “larger ‘'model or its environment

according to Figurel5,2.8-1,

. 3 "a"_‘*‘,"d'ﬂ':'

To make this sub-model more effective and efficient, requires furcher

development and research into the supply and cost models which form

its base components along with the demand model.

'
‘ \

The socioeconomic data of the study area (Tulsa-INCOG) is found to be

very inconsistent which makes the process of dividing the area into

Y .

v

zones quite difficult when combining and relating different socio-
economic factors effectively together for one particular zome.
The following simplifications in defining the system componencs

arc made solely for convenience in’order to limit the size of the

problem:



Cucpucts

SYSTEMS —

-rovenent
o]

-Dy=-2rocu

b

§ -Physical elements (vehicies,

g 1izks, terminals, etc.)

¢ -Management/Contrecl (opera- |
| ction policies) §
{ =Persons/Coods !
i -Information §

7
4

7

t
.
1

Non~transportation Options

N

Y
-staggering work-hours
-location of schools,

shopping centers,
utili ‘

ties, etc.



N
2
N~

freight tratfic is totally ignored,

(Li) auto ownership flbures are taken as given* however, fleet
size is explicity ‘considered, and

4

K A

-(iti):he~te”m1nals and -their opecrations are ignored.

-1

- |

These simplifications _arg not-due to the nohel structure and may

» T W

15.3 The Total Transportation Planning Process

% l

remte . et i S e tme e e nn, vm et e 5 .

As stated ear’ler, the network tranmsportation model originaily

developed for this study ran into some difficulties with the mathematical
programuning used.- It was-then-deciced to-include.a.different transportatisxa

1

model in the complete urban system model.

Several years ago, the, Tulsa<INCOG-sreajconducteda~transportaticn
o N h

study. As a result of this study, several future alternative trancportation

°
«

siaas for the area were formulated. The study was uased on techniques

i

N . R *; .
usuzlly used in tremsportztion planning processes anc” on cértain

1 ) : . urban
growth projections made Ifor the area. Since' the outcome;or;this/t:ans-

K £

portation study is already available, the methodology used will be ’
included in this report as @ transportation sub-model for the present

study., . A

N K

e

.15.3.1 General Model Description; . - ° : ) "

The total transportation planning process as showa in Figure 15,3.1-1 (£)
: . . A .

is comprised of £8ur main parts:- - - e
(i) inveatory of existing conditions, .

(i1} public pqchy uevls~ons,

(iii)estimates of future urban area growth, and



Figure 15.3.3-1 1
The Total dracsortationr Planntng Process
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 {iv), estimstes of future travel. - | _ L .

R - )
L . - - ERRPF YN

.

It vepresents thc«integrnt101 of many deeractLﬁg cnuzacterlstlcs oi the

LS b , s = N Y N A
. -
urdan er‘i*onmew-. . Although the elements of th process are listed in ¢
-t . K v . . . ce wt ‘_ﬁ\ g At Ao fe s I I GJ<\:
logical order as shown in Figure 153.1-1, it is not a sequentia one,

.

Meny of the components 01 tn; process must be cuﬂsxcer;d as pa"allcl

o e S e st < Wl PR R R S G | PN («"A( VTSN
clements. The Il”St three parts of the process are more o¥ IESb related to
. e e, ahn,‘,x F 1':{,4..,. ‘&"‘ s
¢r stated in .the other sectors, oL the tOtal xoan system mocel; they will
N Lowam o K3ade T oo N - iw < AL DT -,a/",.' - ’.J...

oned briefly here., The l'st part, esti 'tes of fulure travgl

. N i - o m e,
- - . e e Ty - - - Gk ran R L seetoan L

will be discussed more lengthily hereaf:ter,

’

153.2 Ifventory’

Inveqtor1ee of the exis€i ‘g conditions for & to réasportation study

include land use, population, vehicle ownetsnip, vehictlar and pevscn’

B

ravel, transportation facilities, économic acdtivities, avsilable monetarvy

¢
resources, and- crip génefatidn. e T
‘A land Use inventdry pr ovxdes the baSlS Lo “heasuring”the releticaship

etween land use and trip gedérations ‘géneral; a land“use’inveatsy
bet land and gehgrit In s

s - o PR s,

includes site activities and intensiidy of site-usage; plus informatisn cn -

e with" réspect to 6ther sites ‘(ad rcedsibility) and iland

fy -

[g)
[
'—-‘
(o]
(¢]
3
(23
e
[¢)
]
(o]
th
-
[
cr

use patterns. ' I T

1

The population’ inventory’ &6untscthe rumbei’ of relidents per unit area

Most of the datd éan be obtained from cénsis data,  The population mddel

i

described earlietr suppl ¢ detaildd inFormation on" the populztion invew= -
B R PEQVE

tory.
The vehicle owvmership inventory is essential to”the transportation
model. Knowledge of the number of vchicles ownied by the residents ©f zny

zone is kmportent in determining preseat and Iuture venicular travel,



The inveacory covers differcat veuicle typos ana ownmer LD chawc

2s shorm in Teblels.3.2-1. Vehicle ownewship data 1s normally coliect

[=e) ISR

<

3

-k

in con’uacction with the home intervia

truck, texi, and mass €

origia zund descination surveys, or frow state motor vehicle registraticn

Ouleaund.,

Inventory of vehicular and persoa travel provides the basic

necessary for the present trip generstion enalysis. It 1s g sample repre-

4

seating &¢ll travel occuring in a study area on an average weekday

trips io the present urban area.

Tne purpose of taking inventories of the existing transportation

facilities was to account for the current available facilities so

maximum use couid be made of them in future transportation plan

ginly include infcrmation on arterial strects and

Arterie. streets provide access to land and also serve through

Exptessways are designed to eliminate the conflict between land servi

and traific service by concentrating exclusively on the traffic services
fenccion with no direct access to adjacent Land pnermitted, X
Inventories of existing facilities also include determining the
exiscing capacity which measures the aoinlity of tae exiscing arterilals ead
expressways to carry veniclos, Tnere are three definitions of capecity.
Basic capacity is a theoracical number, indicating the maximum possible
number of vehicles that can pass a point uader idezl conditions. Possible
caracicy 1s less thaa basic and represencts the maximum number of vealcles
ciat cea pass & point under the prevailing roadway and trafiic condicions.

thac
S. The
e
traffic

cristics of person and vehicular

the



TABLE 15.3.2~1 VEHICLE TYPES AND OWNER CHARMTIRISTICS

~ [N

c. heavy -

Taxis ' ¥ 3.
Mass transportation “+ - ohy

Vahicle Type - e e  Cwner Cnaracteristics
A TR Dan Lo e T T e o s - -
1. Automobile - la. ~Residents for.private usg
1b. Business firms, goveimnmeng
e o . :for commercial or official
, use
‘ - - O S TV -
2. Trucks 2. Business Iirms, governmiing
a. light : for commercial or official
.o C to -
b. mediun use

Commexcial usage

*Government for mass

traasportation, school
--transportation usage




siven point in a roadway or in a designated lane duvring one hour, wlichout

the trafiic density being so great as to cause unreasoncble delay, hazard

or restriction to the drivers' freedom of movement to maneuver undcer the

prevailing roadwcy or traffic conditions., For & detailed method Ifor

determining capecity, see rcference (6).

Travel time, which is indicative of a level of service and his cbvious

&

connections with speed, is also measured during e inventory stage.

Many of the important stazes of a transportation plan are based on this
quancity. These stages incluce tne escimation of Interzonmal trensicre

and the assignment of vehicles to particular routes. Travel time dacas

is used to determine the relative accessibility of differenc zones. A3

th

a matter of fact, travel time is the variable which connects ail the

building blocks of a transportation nodel together,

The inventory of mass transportation facilities has the same objectives

7
-

s the highway inventory., It includes equipment used, schedules and

o

rcutes ror all forms of public transportation in a study. The variables
alfecting the quality of service provided by mass transit should be
determined. The data colliected included travel time, Zrecueacy of scrvice,

location of routes and delays at terminals and interchange points between

4vailable monetary resources is ancther important component of the
inventory, This inventory will enable the planner to know whait the possible

finzucing for the future nctwork's construction and operation cost is.



~

15.3.3 Tri» Generation .

T

s}
,.4
G

enoration is the term commonly'used to decnotce the study of ic

inceracting relatiouship between travel characteristics and the surrounilng

urdban eavivonment, Trip generation equatxons determined at -the pres“3~ Lime

~

can also be used, vich some modification, to predict future trip gemeracion,

A -
o

The simplest approach to trip generation is & geograpaic study of

-

t:ip origins &and destinatioms. Multiple régression technique; ara usually
used to determine trip gemeration. Different variables from the urbaa
environment are usad in trip gemeration. Figurel5.3.3-1 shows the vazicbles
usuaily used. Trip @urpose—can be divided 1ato home, work, shopping,

social=recreational, and miscellaneous trips. In addition to trip

purposes, femily income and vehicle owunership are also comsidered &3

sbcigl-economic characteristies. The origin and destipation of trips

rt

are Jependent on geographical location within the urdan arez cnd land s

s
t
©

')

which includes residential, industrial, commercial, recreational-and
other. The route of trips includes trip length and trip mode. XHour,

cey of week, ﬁOTun of year, and year are usually used in considering time
characceristics.,

)

<
[d
(4]
'—'u
0 h}

multiple regression techniques, the number of trips by

purpose designated as the dependent variable, can be expressed as a

14
[@
o]
O
(3
Fie
O
41
4]
Hhy
/]

ome independent variables, e.g., income, vehicle ownership,
distence Srom CBD, etc. For example, the following formulaticn caan ba

used to iadicate a trip genmeration equakion:



Figure 15.3.3-1

Varlables Used in Determining Trip Genercilo
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wvhere, T . = Trips per pcrson
‘:l t- * ) : [N

&, = Multiplie vegression confiicient

- — - - - . - . » i i g ?--‘ -
x, = Independent varizbles, e.g3., fam:Ly income, vehicle
s v . - e . . - L
. . ownersinlp, residentizal deasity, .distance tfrom CLD, etc,
~ 3 - vt T2 T e e r., e 4t ot b e ot f’ s .

For cetalls oftrip generation technigucs,.see references {5} and 53}. o
Tirip generation, eﬂCOﬂﬁosses the»§9:V§;ednéwg}y§§Ii;;ﬁlstudy or & .
aumber of different variables,and: th }1;i:t%:;¢lﬁyi9nsh§<:;»ﬁgi;t%és 5
person and vehicular. travel: to,the,urban,eavironment. ia; vaich it takes o
piece., - If Ihe_hYPchﬁSi§¢tﬁ§QJﬁlingQQQEEE;Qﬂ_QhﬁF%cEFu-Stiqujﬁﬁ:ffw\)“:
stuble with respect to time is made, Inen future person Hﬁfvenlg lag o

as-one .0f the.necessary, insuts.

']
]
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15,3.4 7Public Policv and Decision and &
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The public psolicy decision and estimates of future urbzn atea
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ere sc‘part of a total transportation plamning p:ocess. Essenti

,\, - 11.

. ESUNTe . whl FO SN :: NG P Yo% e S
iz the imventories gHey will not be discussed herea. ~However, oceifo?e
cee L A A ; Cer o weldd BTY L0 LT VIR Ui

< - % - ; et R
c¢etenalalng future travel demand, it is mecessary to outline thé

. -7 Lo ’ L3010 .7n L.
future .ransportation network vhlch hlll be d scusséd wewE.
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15,5.5 TFuture Transportation Network R ; £\
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is described briefly in this section. Tae dctailed methodology is stated
2 refevences (6) and (10).
Feicre estimating interzonal transfers and assigning traffic to

Zes, an initial future transportation network is regquired. This

I3
O
b
14
e
r:

- - . . . -

will concain the existing network and additional arterials and expressvays.
fc is desirable that the additional facilities in the netwvork used for

.

the Jirst assignment be located as accurately as possible, so that

ct

dditional

]

numerous repetitions will not be necessary. Usually, ransporcation
Zacilicies are plamned in such a way that they relate the existing network

ty to existing travel and also to the estimated future travel.

k'

capac

acilitate the comparison of supply aund demend Icr trans-

Fn

in curder to

portation, capacity, and travel must be expressed on an area casis., Tnis

corparisen may tske two forms, and most transporcation studies use botna
{crms to some enbent. Ths comperison may 5S¢ elther (1) an arez znalysis

or (ii) z detailed analysis by corridors. 1In the area analysis, the differeunce
between the supply of facilities and the demand for travel is computec fox

cach unit of zarea, c.g., zone, or half square mile. A detailed ana

f—‘
<
v
H
&)

by corridor is developed directly from the area method. In this mechcq,
& ceteiled anzlysis is made of each wa’or corridor orf travel and the
ficicncies of capacity located. Both of the methods can be used with
existing travel patterns and also any future travel pattern. The

study of the deficiencies in capacity provides a basis for the preliminary

ilities.

(¢}

slanning of new fa

For many areas ithe excess demand for travel cannoct be accommoudazed

N

on & siajzle facility, and thus, a network of zdditional focilities may



wave $o be designed. This is particularly likely to ha pen in areas which
are cutside of the existing urban complex, but ‘ill be within thc fiture

. f -

) D

urbca area In most instances in the past, the future ﬂethor nas

u red. o2en
e T L A P I RV S
arranged on &n intui tive basis by the plaﬁne.. However, the Chicago
Sl R . U AN PV STPLL S SO S ARG S & SRR g
Aveg Treusportation (CnT) btuay (10) used a more. ratiomalized method,
NI A S A ;rug SN Ry kﬁuq”JH sl BTN, P
The method {s principzally concerned with an abstract pattazmn of facilicles

waich may be modified to fic the rell 'situation,’ The study determined

A
an optimum spacing for.arterials. andiexpressways in-an-abstract. netwesk,.
based on the:foilowing.considerations: ... . .. TR <oz

- (1) -construction.cost.ol:local.streets,. arterials. and expressways,.

~

<

(£i). travel.costs. (annualzcost, capitalized. valuesover. 36 years!

&r3. -
and. an. interest. rate of 5%, and
C e I e I S s Loote YTonSlniniTl oLl oL L llaie T -
) (iii)the distance t;avele on local streets, arterials, and
. eXDTeSSWAYS. .
The metheds used to define tlese costs and distances were stated in the
CAT scudy (10).
15.3.6 Determine FPuture Travel Demand. | . . O e e
To.determine future. travel..demand,: che .following: are c0151d°"el S
(L), . future. trip generatlom,.. Arvows - cLoc, DLt
{i1) future modal.split, =zuoaui. 2> Rioul o A
(iii)interzonal :transfer, and: .~ . 7 = .. .z . - .
(iv) assignment of traffic .to. facilixies. .o

Trip Cenaraticn

"

Future

Few 4N a L ‘ - -

Future trip gencration Iorms tae ‘nportant link between the estimates

o:r fuzure urban growth and the person ani VQhLCular t“"v;; ex g:c:ed on



all forms ol transportation facilities for specified ycars. Basic present
ecnieration equations can be used Lo predict future trip generation
ected economic activities, vehicle oumership, land use aad

other chaages of the urcan characteristics geuneration. Figureld.3.5-1

snows the inputs and outputs of future trip gencration.

Future Modol Snlit

O
g

In = complete urban area transportation study, before the use

)

[¢

feeilities can be estimated, a division nas to be made beiween thne uscy
of cublic and private transportation. Very coften travel by mass transic
are those trips going to the central business district, school trips, .
etc. Methods conceming the determinacion of modal splitc are stated in

~

IS

ference (&).

[

After obteining the number of fucure trips by trip generation equatloas,
interzonai distrivutions of these trips are made. Various mathematical

procedures have been developed and usec for this purpose. Usually, they

are diviwed into ww roups -~ growth faccor methods and inter-azrea travel

¢
02

Sormeias. Among e goowth factor methods, there are the uniform factor
method, Jhe average Zactor method, Detrolit method, and Fretar method.
Among .2 inter-area travel formulas, the gravity model is more often
used chan the incerscrance model or the opportunity model. Since the

gravity model was uvsed in the Tulsa-iNCOG study, it will be incluaded hewly

the otner methods weoe stated in reference {6). The aravity model aes-

cription which fo.iiws can be found im Calibrating aad Testing A Gravicy
Model for Any Size Urban Area (9).
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Gravity Model

Tue principle underlying thié model states that a'l trips emanating
fvom a given zone distribute themselves according to the number of
effective trip terminal opportunities offered to the trip makers by
cach destination zone, Trips are attracted, or pulled, to various land
uses., The strength of this pull is associated directly with the size of
land use development (attfactor) and inversely associated with distance
{or travel time) between origin and attracting land use (9).

The general form of the gravity model equation is the following:

S
—1
Dijx -
‘13 7 %1 T8, s, 5 (E1)
" + " + ... F ”
D11 DiZ Dln
where, t,, = Present vehicle trips between zone i and zoune j
] (i, j=1, 2, °°*,n) due to an attractive force
" located in zone j
t:i = Present vehicle trips originating in zone i, where
n
t =t
j=1 ij i
s. = The attractive force of zone j (size dependent upon
J land use characteristics of zone j and trip purpose
under consideration)
Dij = The travel time or distance between zone i and zone j
x = Distance exponent (value dependent upon trip purpcse).

S , the attractive force of zone j, is a function of the size and
J
X
type of land use development. D, .is the travel resistance between zones

i)

i and j, and is a function of ground distance, travel time, congestion,



etc, The gra Nlty -model distributes trips from any zone to all other zoncs'
in accor tanCe swith the: number of tri[s originating in that zone,'tbg

O T T ii.:,'
ee

a&traCthu Eorces of :the otherazones, and the travel resxstances between

i B . .
-~ 2o - i o oh . B ey . i _-:-‘/
- - s 3 [ :;{r

che corresponding :zones. ;
Various assumptions :are implied An the wuse 0f ithe gravity model.
L LA BRERE v [ e )"f o ) R

These are: "

/

-

P .
4 . N .
. .*-_f* N P T S

(i) fthat.an«average travel pattern ‘can ‘be applied’to all
'zones within :the-urban :area, regardless:.0f :the soc1al
and economic*characteristicsfof the zonal pOpulation,

(i) that the .average length of a trip is entirely influenced
by the :closeness, or- remoteness, of the attractive forces
xwhich\cause trips to;occur, *

(ifi)that trip length distributions (by purpose) remain
constant throughout .the wrban ‘area (i.e., the exponent
is andependent of geographic location),

(iv) that distance (travelltine}'betuéén zones reémains cone
sitant ;and can be acsurately -determined for the parti-
«cular ‘time (day, yeatr, .etc.) period chosen, ‘and

(v) that the aberaéé’trébEI\Bstternris”ithbEBdent of zomal
locations (iue., whether the two zones, 1nvolved are
radial or circumferential to each’ other) )

To use the.grdrity»hoaeig‘attredtioniunits fo}eeééhthifferept-trip
ourpose, interzonal distances, and ‘distance exponéent Values must ‘be
determined. WUsually, three or four different trip purposes are selected,

N
depending upon thevdiffereneés»lﬁ?tripwfengtﬁtdistributiohs‘and the -
appropriate .attraction forces. Interzonal distance is’ usually mea éyrea
by means of travel kime,fdetermiﬁed”throuéh“field‘runs“betweeﬁ’éongt.‘
centroids., In some locations airline distance between ‘zonal centroids-

may be an adequaté measure of travel resistance, if the quality-6f- '

service offered by different forms of highway facilities is approximately



constant., Exponent values must be determined experimen.nlly, since they

vary according to the purpose of the- trip and with the particular u-ban

,»‘-ri‘l\\ e J| . - ~ Bl
w8, A . NS { e ST At O I TRy o ,\4\-«,; [l

rea 1nvolved A sma11 sample home interv1ew origin and destination‘survey

. “oey IR s . - - :
k" . [ P ))‘h 2 ,V\ I [ f.ll"' “:,;:*, 2

is orten conducted to prov1de the necessary correlation data.' The exponential

R N P LT LT

¢ oar-

values selected should minimize the variation between the model results

and the actual data obtained ’ o

. 2 . *,
:.‘ B ’ ! . -

The gravxty model formulation does not guarantee the correct number

n
of arrivals in each destination zone (i.e., tij is not”necessarily
A . - ¥ - J 1 - -
equal to. (t ) ) Therefore, iteration procedures. such as .
NN R . - 2
w: J 4 A 2 K = - e ~ e
%
Fo " EEE A T P S
CDadd (AN Sl e T 1‘,‘ =g = ™~ \A [ . ’
Sy® = G- e (E2)
(£ L
: =1 B
where, S' = Adjusted attractive force 'of zone i, and I's used in the

i

next iteration of the model

may have to be used, especially when work“trips are considered. This

is obvious, since there cannot be more,work trips to a particular zone

~ s T o

than there are Jobs. For other trip purposes, 1teration to a predetermined

- S

trip, generationrestimate 1s not necessary, 51nce the mode1 distributes

-A 8 B Lot

trips proportionally and non-work trip generation estimates are not suffi-

e

ciently preclse to warrant further iteration. .

- - o 3 * ‘e . -
PETESE f = ¥ T .

The notation used“in,the,last’two‘equations is forkestimating present

travel patterns. ., Thls work has been based on the premise that 1f it is

e L EER -]

possible to synthesize today's‘traffic patterns by use of mathcmatical

< !
) :

models; then future traffic patterns can, 1ikew1se be predicted by utilizing

B feue]

the same techniques.  Therefore, for preﬂicting‘future vehicle trips, the



Tollowiny e quatxon is . used: :

\,".L (L SEPEN n’r'»"u;',

-1 Lo vger B R .
1 =n
1 em— ‘+. '...-<+~
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il “iin
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where, ?i' ==7TFuture - vehicle.trips ‘between ‘zone. 1. and zone _j.
“ ,;ngg ra(ls 351, so, 1) due: to:an: -attractive force located;
.In:zone j.
MR TRR AR AL SR S I A S LA R 0 Bt S A O S A
(T, -="Future vehicle- trips-otriginating.in-zone i, -
¢ 2¥5 (RN T ~where,‘ ERARE R L T e T R R
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°§, ==“The future:attractiveiforce:df .zone +j
. ’}’:JU.:’ 5 Ao degy b Emo¥vylonesy Pgn Lo Tiesol oft e
;Diu» "The:distance’ between:zones i and_.j (a. funct1on
- “jngmofntlme cand the ‘units o fﬁmeasurement;uplllged)
- nX,: == Thesexponent:of distance- (it Ls"assuned’that -this
value . remainswconstantein .the ‘future)
comsseh oy omowt L S sa EnSidRt nen.,eltor Y, carbeel 0l i LT
To-a .great.extent, the: validity»of“the aboveweq ;ion dependSWUpon
BN S IR S R T S ST S S P S S AT R e SECN S -

acou;ateaestlmatesfof?the future interzonalfdlstancefég avelutlmes). <To
el oanon HIRAEN
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;cotain: tnlsndata,wknowledgeeof;the expected trafflcﬂvolpmeSmandrtheeplanned

ary P N T e . -
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er anSportatlon‘fac111tie5fmust “be known. However, zthe= former 1s*the*quantity

3ol ey WL LT ot BI0L w00 vl VT eapesT e e~
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Sportatxonestudy. In.order ito:overcome this lnte*depen-
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dence problem,ma»tr1a1 transportationunetwork ,w1th£appr0pr1ate trqvelﬁtimes,
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volumes. This feedback is obviously i{mportant, although it has usually
veen ignored in the past. While some research has been done on incorpora-
ting this feature into gravity model interzonal transfer computer programs,

rmuch additional work remains to be done in perfecting this technique.

%

Assignment of Traffic to Facilities

After distributing trips between zones, trips will be assigned to
different routes of the network. Any given network will only carry a

particular number of vehicles or persons under certain operating condi-

et

tions. The success of a nefwork depends primarily ;pon its location and
its ability to carry vehicles and persons. Hence, it is necessary to
determine whether the location and capacity of a network are correct.
Tuls is done by assigning the interzonal transfers to the network and
revieuing the finished assignment. The review will involve inspection
of the relative loading of different sections of the network, the determina-
tion of the travel time on sections of the network, and an economic
feasibility study. Usually several assignments and reviews are done for
each network until desired results have been obtained,

The assignment procedure provides the data for the review of a
prOpoéed plan. While individual assignment programs vary in some details,
the principal information supplied by an assignment program, is as follows:

(i) the volumes of vehicles or persons expected to use
each link of the network under test,

(ii) the volume of vehicles making turning movements at
intersections; or the volume of persons using interchanges ,

(iii)data for the evaluation of the quality of service pro-
vided by the network. This may be in terms of speed,
travel time, or some other desired measure,



{(iv) data for the evaluation of the location of present
and proposed transportétion facilities, and

- (v) data towards an evaluation of the economic feasibility .
of constructing proposed sections of the transportatxon
network.This data may either be'in-the form. ofetotal

vehicle miles or total vehicle hours of Operatlon on
the network, N . .

$
.

Once an assignment-program has 'been-compiled): assignments may be"
made for the present or any’fﬁture year. for-any- desired time period during
a day. : " - S

The assignment- program is usually tested by*making-assignments
to the existing network using survey data. These results are compared
with scfeen»linexcouhts;m;de«during“the survey -period, ¢ < ’

With the development of more refined assignment programs, several
methods or obtaining the final results have evolved. These methods fall
i tS four &enerai categories:

(i) '"all or nothing" assignment with ﬁo'capacity restraints,
(ii) diversion curve assignment with no capacity restraints,
iii)"all or nothing" assigﬁment with capacity restraints,. and
(iv) proportional assignment with capacity restraints;

In "all or nothing" assignment, all vehicles are assigned to the’
'path with the least travel resistance between origin Qnd.destinationg
zones. Diversion curve as;ignments divide the total ngkber/of trips,
between origin and destination, between two route, depending upon the
reiative values of travel resistance on the two routes. Proportional

cssignnent divides the total trips between several routes, depending

uvpon the relative values of travel resistance for the several routes,



15.3.7 Evaluation of Loaded Network

As shown in Figurel5.3-1, the lust step in the total transportation

nlaaning process is the evaluation of the loaded network. If the
P S P

-

level of service is satisfied, it will end the planning process. If
the level of service is not satisfied, then network changes may be
required. If the latter is the case, the tentative future network will
be modified and re-~assignment of interzonal transfers will be done and
then evaluated. The assignment and gvaluation are repeated until
satisfactory results are reached. However, the fiﬁal evaluation of the
loaded network is generally the last step in the total transpo-tation*

planning process.
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Chapter 16

16.1 Objective: To construct a mathematical airport development model that

16.2

would predict the future volume of aviation activity over the time perioa

to 1980.

16.11

16.12

16.13

16.14

The approach used was unique among airport plans in that it

took into account soclo-economic factors as well as those more
directly related to airport activity.

The study used econometric and system techniques to develop a

fully computerized model.

Airports of similar soclo-economic characteristics were grouped <:>
for each model. The models and the output forecasts are capable

of impact studies and modification over time.

The statewide alrport plan provides a priority rating system

responsive to more immediate needs.

Verification and Classification of Airports:

16.21

This phase was accomplished by a mailed inventory with a limited

fiela check to obtain all available data from the Federal Aviccion
Agency and the Oklahoma Aeronautics Commission. ALl publicly and
privately owned airports important to the state system were invea-

toried.

3

(1) The data collection revealed information regarding classificacic

-

‘

C

of alrcraft movements, airport users, i1dentification, airpo:s

et

ownership, runway size and load specification, and airporc

services. (See Appendix E and F).



' S (‘TZ,@7Ihe second‘s;ep was. to verify and up data e§ist;ng data,

SEen f 743) A series ofsfigures haverbeen .developed to, illuscrate":hc

o 1. nebiylc ‘magnitude}of;aViation;Heveloﬁpent,in Oklahoma. {See
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-(4) -Tabulated data: .(Refer to Table 5-F-19, and F-31 list).
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‘5. Other :significant :factors -such‘as. fuel
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o
L NP

16.3 . Determinants.of -Airport._Facilities: JIhisﬁphese~yQSgsngiedq@y

qsgbjectingfsocialvandLecopqﬁic.charac;eristicswof;an”dirpont~senvice.ac

and ‘the -volume -of aviation .activity to~statlst1cal correlation tests.,
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#.of - families in a.service area with -incomes greateritaan 510,008
4 «of industries w1th .greater .than 20 ‘employees
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the -total personal*income -
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16.33 Aeronautical Activity
The total number of aircraft based at an airport is a good
indicator of the volume of activity at the airport. A better
indicator can be obtained 1if the aircraft are divided into
two categories,; general aviation aircraft and air-carrier
aircraft.

16.34 The Effect of Advancing Aviation Technology
Congestion is not a ciritical problem in Oklahoma yet. The
data gathered indicates that forseeable growth and congestion
problems at Oklahoma airports can be alleviated by advanced
technology.

16.35 Existing Airport Facilities
Refer to Appendix E, Figure 7 for the classification of the
major airports in each county and the total number of annual
operations.

16.36 Recreational Development
The Oklahoma airport system is already finked with all existing
recreational facilities in the state. Thus, all points of intercst
to the tourists are accessible to general aviation.

16.37 Potential Industrial Development
The determinants of airport demands are highly related to
industry. In particular, the number of industries in a service
area with more than 20 employees, the total labor force in
the service area, and the number of industries in a service area
with state, regional, or national sales are dependent on adecquate

airport facilities. (



16.38 Regional Aeronautical Activity
Thé development of a regional airport in Oklahoma is not
considered feasible at present or within the time period
“covered by this study.  In addition to the tremendous invesi-
ment required, the proximity of the Dallas-Fort W&rgh regional
airport should obviate the need for a similar Oklahoma facility
until 1980 or beyond.
16.39 Other Reduirements
In addition to the determinants discussed, the foliowing factors
influence airport development and must be considered in plaﬁning
specific sites.
(1) « Airport costs.
(2) oOptipal distance between airport and population center
(3) Sources of airport financing
(4) Sources of federal government financing
(5) Sources of state and local financing
(6) Sampling aviation activity for updating the plan. It is
recommended that a 24-hour count on a typical weék day and
week-end day during fall, winfer, spring, ana.summer should
be qbtained.‘ These counts can bg expanded to an annua.
oper;tion figure by'the folldwing forﬁula: !
Total Annual Operéﬁions‘=

5(Av. Week Day Count + 2(Av. Week-End Day Couat)3<5
7

The impact of each determinant varies throughout..the state
to the extent that no single relationship between airport requivc—
ments and airport determinants can be specified for ithe state as

a whole., Consequently, a technique to group cities (airporc)



into groups of similar socioeconomic characteristics was

created. There were five such groups, and a predictive

equation or model was developed for each. The total number
of variables used to predict airport activity was seven;
however, all were not used on each model.

s

Aviation Development Model

The aviation development model is composed of two submodels--a fore-

casting model which can be used to determine the volume of aviation

activity that can be expected to occur in an airport service area at any

. - ‘
o

TR S

future year up to 1980, and a second submodel which is uded to compare

the volume of aviation activity and financial resburces of the service
area. The total annual operations in eéch service area were forcast for
197Siaﬂé 1980 using trip generation equations developea by statistical
means. |
16.41 Submodel for Aviation Activity Forecast

A number of transportation studies have justified the technique of

relating the volume of trips generated in an area to social and

P
% 3
¢ s

| .
economic factors assogiated with the area.. But these are not

simple relationships. Two towns of similar population size rarely

}.(

exhibit similar volumes of travel., The proportion of trips by

»

purpose also varies between towns. Travel Information cannot be
related strictly to population and varylwith regions of the state
bétausehtf the ;astly different regional topography and cdiverse
population social/economic characteristics. The objective of this
"phase of the study was to develop a methgd of predictiﬁg the
travel volume in any area of tte state in'a'format suitable for use

by a transportation planner. For the phrpose of this submodel,



‘the state was divided into areas of similar travel demand.

Separate and distinct travel forecasting -equations had to be
developed for -each area,

Tée first 'step was to develop a method of dividing a region

into aveas of similar travel demand. The demands for surface
travel .and .air itravel are directly related; increases in require-
ments forinew:highwayszére.accompan;ed’by new alrport ‘requirements.
In adddition, areas that exhibit high volumes of aircraft .activity
also exhibdit high volumes of iground transportation activity. Based
on this ianalysis, data was collected from selected towns ithroughout
the state. Towmns were studied on the basis of general aviatiom
demand, ground ‘transportation demand, population, per -capita income,
number of housing units, and -other -pertinent socio-economic wari-
ables. A factor .analysis was used ‘to group counties with similacs
transpor¢~deménd characteristics into clusters.

When this procedure'wés completedgfOkiahoma-counties had heen
grouped into mine -clusters, six for the semirural areas :of ‘the
state .and ithree for 'the metropolitan portions (See Figure 9,
Appendix E). ©Development of the forecast :equations and the wcluster
techniques is shown in Appendix F. The demand :for transportation
varies greatly‘from cluster ito cluster, but .counties within each
cluster exhibit similar itrends in :travel demand.

Equations termed trip generation equations were :devedoped ‘by
multiple regression analysis. The final equations, a separate one
for each cluster, are shown in Table 6, Appendix F. The ecuations
can be used to forecast general aviation activity -out .of any

alrport service area within a cluster in. terms of the annual



16.42

. . number of operations.

Submodel for Development Criteria

Any one of three primary types of criteria--number of operations,

: t§pe of airport facility requirements for proposed industrial

development, and/or geographic jsolation~-can justify airport

- development alone if the need is sufficiently great. However,

the three criteria are ranked in order of importance; expansion

and importance oﬁ aviation facilities because pf opérapiona;

requirements is the highest criteria, industrial development is

next and geographic isolation is lowest.

16.421 Criteria for Number of Operations
As the number of operations at an airport increases, the
size of alrcraft utilizing the airport also increases. and
as the size\of aircraft. increases,  the runway length, widch,
and thicknessvrequirements also increase. Alter considering
the particular types of aircraft now operating at Oklahoma
airports and the probable types of aircraft that will be
operating at those airports in the future, the following
is recommended:

Minimum FAA
Annual Number of Operations- CClass racilitv

Less than 5,000 LS ’

More than 5,000 but less | -
than 20,000 BU I

More than 20;000 but less
than 45,000 . BU IIL

More than 45,000 plus. ;
business jet demand of -
of more than 1,000 ' - GU



An LS, BU I, or BU II facility should be located

within 15 minutes driv1ng time of the majority of

B

users. A GU or higher class fac111ty should be

Co o amh o STeo an YO BLNeTlon o .

located within 30 minutes driv1ng time of the major-

- O LOR GBI DR Sl 3AL L Lo

ity of users. The expansiOn of .a BU II class airpors

Ot

to a GU facility will be Justified when there are

o P L Tf M LIS LA L Thon

more than 45,000 annual operations and the industries/
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businesses of the area progect a. utillzatlon of more

than 1,000 annual Operations by aircraft requiring

[N \!L' arials "A’",-

runway lengths lenger than presently available./wﬁ‘

[

16.422 Criteria for Industrial DevelOpment C e
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16.423 Criteria for Geographic Isolat10n¢
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Because of the high degree of correlation between sacial/
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Airports should be developed 1n geographically isolated
areas fpr two reasons. First, 1t is con51derab1y eas ec
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cilities if an airport is already 1n cx1stence, and second,
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Therefore, safety and socio- economic improvements are
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suitable criteria for aviation development.
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The ultimate goal would be to have an airport located
within 15 minutes travel time of every city which is less
than 25,000 but greater than 1,000. Cities larger t.rn
25,000 meet criteria for airport development other than
géographic isolation and are not a concern of geogran.iic
isolation criteria.

It is recommended to have an airport located within 35
minutes travel time of every city which is less than
25,000 but greater than 1,000 by 1975 and within 15

minutes of these class cities by 1980.

16.5 Testing the Model:

16.51

Comparison of ctual versus Predicted Operations Corparing ti.z
actual number of operations 6ccurring within a service area (y)
with the number predicted by the appropriate trip generation
equation (§) establishes the validity of the model. This test

was applied to selected ailrports in each cluster except the

large urban areas in cluster two.

For examplg: for cluster one (see Fugure 9, Appendix E), tue

Alva servige area was tested using the trip generation cquation:

y = 1054(Xl) + 4.4(X2) + 771(X3) + 3949(X4) - 5544

Broken down, this equation simply states that the predictad oper~
ations at Alva (§) are equal to 1054 times the number of industr.cs
with more than 20 employees (Xl), plus 4.4 times college envoclimcat
(XZ)’ plus 771 times eligible single-engine aircraft (X3), plus \

3949 times eligible multi-engine aircraft (X4), minus 5544. The

equation was solved by substituting values of Xl through X4 from



16.52

16.53

the appropriate columns of Appendix A in the following fasaion:

b

y

1054 x 4 + 4.4 x ?76 + 771 x 23 + 3949 x 1 - 5544

21,706

Thus, the ﬁredicted number of operations at Alva was 21,706. The
reported (actual) number of operatioms at Alva for the same periog
was 22,000. The error y - y) was 22,000 - 21,706 = 294, or within
1.4 percent.

Test Statistics

Test of Reasonableness

Seven independent variables were used in the final analysis. Zach
of these viriables is directly related to aviation activity, ana
the growth forecasts of each variable are relatively easy to obtain.
The variables are:

X1 = {#§ of industries in a service area with more cuaa 20
employees ‘

X2 = college enrollment in services areas

Xy = ## of single-engine aircraft

X, = # of eligible multi-engine aircraft
X = total labor fogce ’
X6 ='tota1‘persoqa% incomg
X, = #f of airmen

The output from the models was tested against airport plans from

Lawton, Oklahoma City, Tulsa an@ the FAA National Airport Plan.

The validity of the output was proven by the compatibility of

results. In most cases however, the output of the model indicatued

more conservative levels of design than those recommended by the

FAA.



16.6 Schedule of Projected Airport Investments for Oklahoma:

16.61 Projected Criteria

The first step 1s forecasting the growth of the determinants

- {X, through X.,) of airports from the present to 1980.
% 77 ot

The basic criteria used in these projections are:

l’.

If during the study period, projected\operations () at an
airport exceed 5000 operations per year, it was justified to
\ - [

construct a paved BU I airport with low intensity runway lights
and all necessary taxiways and aﬁrons. \

If the projected operations exceeded 20,000 opéragioqs per

year, there was justification to develop ‘the néxt stage (BU II)
of the airport with the necessary expansion of runwéys, taxi-
ways, aprons, and 1ighfs. Medium intensity ruﬁway lights could
justify the expenditure.

If the projected Opérations exceeded 45,000 operations, the
airport should be expanded to a General Utility with medium
intensity runwayylighté. A site stUdf should be made to de-
termine ifﬁadditional runways are required for better wind
coverage. Construction of paralled taxiways and larger aprons
are also justified.

Baéic ffanspd%t type.runﬁays’are justified when the economics

or indusﬁrfaliiatiéh féqufrements of the ‘atea dictate a speciiic
type of field.

Geographic isolation was aléb used as a criteiia in airport

development. 'If an area with a population of more than 1,000



be wused ‘to :determine which alrports :to fund. The followi.g,

priority point system, -based. onfour.determinants given imm.u-

‘lately ‘belowy i'srecommended. .. .- -, o - o -

4
1

T AviationActivity s onty o, PR AT
2. Industrial Development.

3. (Geographic Isolation.-i:" Ll oo w0 e, . .
4., /Adr Frelghtu ‘
IR D TR S Bt f)\u;}l cren /,rn[u R AR e N S -

The polnt.systemzhas 100 motal possible p01ntﬂ'wiéhra m;A.mLm o

H

.

SR -7 2y 8
LTS SRS AN S 08 !(f. Lo_o podong &G, 202 walivier o W4y

B P =

L R )

40 points for aviation'activity, .a maximum:0f 30 points LO“yiL —

o ot

)»\us'é

trial deveLopment,; a maximum ©f 20 points for geographlc 1s;Lu-i

ooy

.

- -’.- [ B n\ et iud <\={ , S 3L e a, ,;

and avmax1mumnof T0 points for 10 points‘for,airﬁfretht. e

1 s ,;’_, M |,u‘ Cohe A;L\‘;J:»,’»:'.,‘r( Y _Aé“Sy‘C ’_'}'l- ,: L
scor;ng'of points‘should ‘be done:aszolloWS“
T L R L L A P R LUt -
de Aviatton1%ctiv1ty (40-pointxmaximum) ’OnE‘point Iormeh:h:ﬁnd
: AR LS
exlsting-annualtoperations at :an airport ‘with @11 airposts
o LRSI - BERHVEVE VRRENN § W AR5 2N S S DR P SN oy ey v
having'80 ‘000 or more @annual :operations xec;iving the it
CRTARTORTLE L s g Dulu et 0 T S e I T
40 points. . '
R - B T T LY
2. Industrlal Develqpment (30—point maximum)u Five,poanC‘for
Y e BTy A T e v L s g - S e,

%

each industry 'with more than 20uemployees”thatgthe‘lncqstrLu~

vt

o 23 ! J"s'm;- :c TrpLof 4 - .
Deveiopment:and ParksDepartment\estlmates wilizbeAata' etei

-n':‘ Tae ,..,"

PR SR PL ST 2Nt ml e T LT LE : fa T Y reen v
to ‘the .area ‘within ‘two yearS‘afterLairpon »developmgatu?a‘
Voo vng ol felnas o0 pLs gl e < -

one ppoint for -each 10 :new Jobzopenings‘thatrwiIITbe e E‘ééa
within two years 'by the :airport :development.. QAiéémuhu(“;oﬁ
of new industridifdevéiqpmenteanaxnew;jdbnqﬁeningsqcan.aud
a maximum of ap;poidtsftOithesscore. For exampile, ounc mew
industry with .an emﬁlqymentfof,ZEO'wili'score.BOqior*:hree

industries .and {50 employees ‘would -also :iscores .30.



3. Geogriphic Isolation (20-point maximum). .Two points for each

five-minute travel time increment from the center of tluc pro-

posed airport service area to the nearest existing airpourt,

and one point for each 500 inhabitants in the service a.ea.

For example, an airport 40 minutes travel time from the nearest

airport with a service area population of 1500 would have a

score of 19 points.

4, Air Freight (10-point maximum). One point for each fiv: tons
of annual air freight volume generated or projected witiain
two years. Airports having 50 tons per year or more wculd
receive 10 polnts.

‘This priority system can be used to evaluate both existing eirports
and potential alrports. The point system is responsive to irmcdiarne
future situations instead of long~term projections. The racing
system can be used for either a service area where airport irprovae-
ment is required or for an area where new airport developmeat is
required. Once the rating points have been established for each
airport submitted, the alrports can be ranked in order of tue.r

point rating.
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FIGURE 4
NAVIGATIONAL AIDS
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FIGURE 5

AREAS OF STATE NOT SERVED
BY AIRPORTS
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FIGURE 9
COUNTY CLUSTERS OF
SIMILAR TRAVEL DEMAND
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TABLE §
. INVENTORY DATA
A . : (;T T FOR . ’ ' '

- OKLAHOMA AIRPORTS

NTROBUCTIONJO.USE . ., - o .

inis table is used io depict the state airport system as it existed at fHe time of the inven=
tory. Columns ('! ) and (2) are_self explanatory, while column (3) confcu'xs the new- .;«A o
airport classification system. This dota was determined by. FAA publication, AC 15045300-’

<A = Utility Airperts and AC 150/5300 - Airport Design Standards = General Aviation
(1,2}

~irports - Basic ond, General Transport,

The drfinitions of the FAA classification terms used ore as follows:
i

wording Strip (LS). Landing Facilities smaller than Basic Utility airport, Stage 1.

R ¢

Jasie Uuhry, Stage 1.{BU l) A stage | clrporr can accommodate obout 75.percent of the

sropeiler aircraft under 12,500 pounds and the runway must meet minimum length criteria
which are dependent upon maximum normal temperature and. airport-elevation.,
Y »

Pm e

Sasic Utility, Stage Il (BU Il). A stage Il airport can accommodate about 95 percent of

the propeller driven air crof? under 12,500 pounds .and also must meet minimum runway .

angih criteria. - ' o

‘
5

General Utility (GU). This type of airport must meet minimum runway length criteria

« J accommodate substantially all.propeller driven aircraft of less than 12,500 pounds.
.« airport should have a substantial usage or potential usage of aircroft having a gross

- 2ighi of over 3000 pounds.

‘c Jransport (BT). The Basic Transport type of airport is planned to accommodate -

.rbo jut powered aircraft which are 60,000 pounds gross weight. This classification

F=11



52 a-plied to the General Utility airports on a percentage basis. txample: BT 6C-%0
.5t e airport can accommodate 60 percent of the Basic Transport fleet @ 90%

<iv. 028, inis type of airport is planned for use by the "business jets".

>er ... Transport (GT). The General Transport airport accommodates transport category

sirpienes up to 175,000 pounds gross weight.

Schecuied Air Transport (AT). Airports used or to be used by CAB and state certificated

air carriers which use transport category aircraft.

Ceiumn (4) contains the present operations count at the airports by category. An operarion
is cefined as either a landing or a takeoff.
"ha operuiions are shown as local, itinerant, and total. A local operation is a takeoff
aad landing at the same airport with no intermediate stops. An itinerant operaiion is ca
operation with departure or destination at a different airport. An itinerant operation can
be eitner interstate or intra-state. A breakdown of itinerant operations inio the lower
categories was deemed unfeasible. Airport personnel contacted had no accurate way of
cstimating the percentage of interstate or intra~state traffic and could offer only a guess

on their already estimated itinerant count. A research of available statistics also reveaicu
tnat the data was unavailable. The total operations are also shown. The number in parcn-
"esis unaer the total number of operations is the percentage that present operations arc o

the airports capacity. The airports capacity was determined using AC 150/5060-1A, Air-
P M4 P Y 09

~ort Cazacity Criteria Used in Preparing The National Airport Plan,

Column (5) shows the users identification based on the type of services and use availabic at

.2 airoort. The definition of the symbols is as follows:

m

- Business
Z - Commercial

(o8]
N

3. P - Pleasure
4. | = Instructional

F-12



5. M - Military
__6. T - Toxi , I
7. E - Balonced '

Cowumn (6) is the type of airport ownership. PUB is for public ownership, while PV,T‘, is for

private ownership.

Column (7) is the principal runway specifications and type and strengiJn of its surfaca. E'<-
crple: 3400 x 75, Asph 9.55-12.8D=19.0DT. This medns the Iengfh is 3400 feet while
e width is 75 feet, the surface is asphalt, and the estimated load carrying capabili.y is
2,500 pounds for a single wheel, 12,800 pounds for a dual wheel, and 19,000 pounds for

a dual tandum wheel.

Column (8) is the type of lighting presently on the field. An explanation of the symools is cs

follows:

RB = Rotating Beacon

LIRL = Low intensity runway lights

LITL ~ Low intensity taxiway lights
MIRL - Medim intensity runway lights
MITL = Medium intensity taxiway lights
HIRL = High intensity runway lights

oUW~

" Column (8) is used to list other significont factors that influence the number operations of

airports. An explanation of the symbols used in this column is as follows:

A. Fuel
i. F1 80/87
2. F2 100/130
3. F3 115/145
4, F4  Jet .

Y

B. Storage
1. H=3 Conventional hanger followed by number of structures.
2. T-4 T-Hangers followed by number of stalls

F=13



C. Services .
1. S1°  Minor Repair
2. 52 . Major Repair

C. Conveniences

\

1. Cl  Rest Rooms -

2. C2  Restaurant

3. C3 Transportation

4. C4 Unicom: -

5. C5 _Wind "Tees" or Cones

F-14
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s . AINEORY Wk (4) OreRATIC NS (55U5¢. CHUNZR- wurnn LiJooei e
(1) (2) Cunss  LOCAL THINERANT TGTAL IDENT  SHIP()  SPeCoy) — (8) ©9)
(Hrea- ]
pacity) .
Cimarron  Boise City LS 1000 2200 3200 B,P,C  PUB , ° 3450x¢0  LRL . F-l,
(3.37%) . Asphalt ’ S-1 i
12, 5(gross) . C-5 . .. ..
Cleveland  Max West- GU 80,000 30,000 110,000 E PUB  4765x200 T RB T F-1,FL2iE30
heimer BT &0- e " (65-85%) Asphalt MIRL T-30, H=
. - S 155-2-D-  MITL c-1,C-2,C~
e 300T c-4,C-
12th Street LS 2700 1030 3730 8,PC,I PVT - 2740x100 None F-1,H-5,5-2
Airpark (4.15%) , Asphalt & C-1,C-3,C-5
Turf 45 (gross)
Coal Moricipal - BU 1%, Not Established z_:, “B,F_f' PUB -. 2640;[60‘; None C-g ¢
{Coalgate) new Airport Asphoit ‘
Unavailable
Ricer.” > LS 0 300 300 - B,P PVT 1750x66 . "Nera.. €5
T =3 S o (0.53%) . Turf ) T o
Comanche  Huscher - LS 3000 1200 4200 B,P,C,I PVT 2000x140 None F-1,H-2,5-4
Field (3.82%) Torf ‘ c-1,C-5
Municipal GU 56,565 34,743 91,308 E  PUB 5450x100  RB F-1,F
(Lowton)  BT100- (83%) Concrete MIRL T-20,
, £0 505~750~ c-1,C
: 135DT c-4,C
Cotion Ter e s 1 1570 2508 B,P,C,1  PVT | 2400565 None F=1,T-2,4-1, |

2.7290) oil mai C-5



0z-3

Craig

Creek

Custer

Delaware

AlRPORI oy
(?) Cl /\53

Municpal  BUI

Vinita

Jones BU N

Memorial

Municipal  BUI

(Clinton)

Municipal BUI

(Thomas)

Weather- LS
ford
BU |

Island Farms LS

'\/\0[‘\’\:.)’ LS
Island

(#) OFLRAMION S (5)Us! &
LOCTA!D heNIRANG 10OTAL  IDENT
(%ca -
pacity)
200 2100 2300 B,P,C
(2.34%) (2.56%)
1000 1500 2500  8,P,C,1
(2.78%)
5500 8500 14,000 E
(8.5%)
2000 1250 3250 B,P
(3.61%)
Not available, new B,P
Public cirport being
built (Thomas P. Stafford)
4400 runway
300 400 760 B,P
(0.78%)
1CO 4000 4100 B,P
(4.58%)

(GIPHMIRS

SHIP(L)

PUB

PUB

PUB

PUB

PVT

PVY

PVT

R LIGHTING
SPECS(+) (@)
3000x460 LIRL
Asphalt LITL
9.55-12.8D-~ ,
190T

3400x &0 RB
Asphalt LIRL
55-gross

3200x75 RB
Asphalt LIRL
12.55-20D LITL
34DT

3CCOx50 Nonza
Asphalt

65-9D-

11.3DT

2628x50 None
Oil mat

3100x100 Nona
Gross

2£00x1CD Nz -
Turf

F-1,F-2,7-3,C-3

C

-5

T-2,H-1,C-3,



ie-d

COUNTY
()

Nowata
Cont' d

Okfuskee

2o
-

Cklohoma

ATRPON. (3)FAA
(2) CLASS

Municipal LS
(Nowata)
Okemdh':., BUI
Downtown BU |
Airpark
) " ; e ’.; -

Expressway BU i
Junction )
Jane's GU
Pasture
Service LS
Stamper LS
Ranch

1 Wiley Post GU

1t 2BT00-¢0

(4) OPERATIONS

LOCAL ITENERANT
3200 4320
900 1800
7250 21,750
8100 24,000
700 100
400 300

Not Avoilcb!é

94,429 96,443

(5)USER

TOTAL IDENI

(%co-

pacity)

750  8,P,C,I
18.359 %)

2700  BCCI
(3.0%)

29,00 E
(3060)

u\“& s

32,106”'3’,P,c;|
(35.6%)

800  B,P
0.84%) ;1.

700 B,P
(0.78%)

B, P

190,000 E
(65-4058)

O MER=
SHIP(5)

PUB

PUB

PVT

PVT

PVT

PVT

PVT

PUD

RUNV/AY
SPECS()

2500x50
Asphalty:

LIGHTING REL.EKS

@)

RB

7.55-12; 8D-

1907

3000x1 00

Nore

Turf o -

3240x100;
Aspnaif‘

12. SGross -

3000x70
Asphalt.,,
155-20 D-
30DT -

soooxl"éé”’ )

TUI'F 3

2400x200
Turf

1500:75
Turf

7200150
CO-'A <

LIRL

R§

LIRL

Nona

None
None

RB

Asplelt - MIRI

155-20D-30DT

(9)

F-1,H=1,C-5
i



e-d

COURNTY vl ORT A (4) OPERATIONS (E)0SER Cvli otk

) MU L ORTL T e
() () Clisd  LOCAL WTENERANT TOTAL IDLNT  SHIP(e)  SPECSY) 0
(c/o’:u~
pacity}
Oklchoma  Will Rogers AT . 66,262 136,299 202,581 E PUB - 9800A15D I3 CEY, b A v
cont' d . : (/84%) : _ Asp & Cone HIRL §-2,C-1,C-2,C-3
1005-200D~ MITL C-4,C-5
300DT
: - ]
Wynn LS 600 1200 1800  B,P PVT 2250x200  None C-3,C-5
(2.0%) : Turf
Okmulgee  Ashley LS 150 10 160 B,P,C,1 PVT 1600x50  None  T-1,H-1,C-5
B ‘ (0.18%) - #Turf el
Municipal BUL 500 1500 2000 B,P.  PUB 3000x50  LIRL F-1,7-5,Hel
(Henryetta) (2.22%) ‘ . Asphalt C-5
- 9,55-12.8D- o
- 19DT
Municipal GU 4500 3600 8100 E PUB  43COxI50 RB F-1,F-2,H~-1,C-1
(Okmulgee) (8.1%) : Concrete  MIRL . C-3,CH4,C-5
- : < . .. 305-50D- C :
80DT -
Osage Codding  BUI 0 100 - . 100 B,P PVT - - 3200x75  None c-5
C .- © Cattle” " (0.11%) ‘ ~ Asphalt . :
155-20D-30DT
Cooper LS 260 40 300 B,P PVT 1600x75.  None H-1,C-5 .
-+ . Ranch s ¢ (0.33%) ~ Turf
Frank- GU 12,480 12,300 24,789 E PUB ~ 6200x100 R3 ‘F-1,F-2,F-4,T 14,
Philfips Bri¢o-40 (26.2%4 -Cuncrcte MIRL H1LS- 2,880,200
745 G0L0 C,l S

[

193DT R
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Cluster

oz
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Where

TABLL 6
TRIP GENERATION EQUATIONS

Equation

Y=1054 X] + 4.4 X2+ 777.0 X3 + 3949X4 ~ 5544
The SMSA!'S were subjected to an mdepend nt on9|x§§s
Y-= 7456 X1 —41.0X, + 6912° H
Y = 461.6 X3 + 8838 X4 -.18.2X5 + 1057X7 + 5806
Y= 3670X3+3670X4+20X5-2663
Y =1425.6 X, + 4.9X5 - 1.0Xg + 6137 .,
Y= 318X2-04X6+2044X7+2579

s, Ty NS R - EOIEN
DNy N B g

Y = The tofal ‘dnnual operations in a servicé areq;’
.. Xy =.The number of indusiries in a service area with more
F2 7 than 20 employees

X2 = The fotal college enroliment in the <erv1ce areq;.

X3 = The nuinbar of eligible single- engme mrcraft in the
service crea,
= The-numbar of multi-engine-aircraft-in’ fhn service areg;

Xz = The.tota! labor force in. the service areq;

Xg = The' total pcrconal income,in the service areg;

Xy = The totai number of airmen in the service areq;



r=d

Cluster

STATISTICAL ANALYSIS OF MULTIPLE REGRESSION VARIABLES

Coefficients of Independent Variables

;1 0% X

X4

X5

Xé

TAELE 7

X

1054 +H.4 771

3949

Test Statistics

THE SMSA'S WERE SUBJECTED TO AN INDEPENDENT ANALYSIS

7456 -41.0
461
367

1425.6

8858

367

0.4

-18.2
2

4.9

1.0

1066

204.4

Standard Actoal R Y F

Error Error

10716 294 0.983  0.966 21.8
9644 640 0.83 0.67 9.99

14572 2680 0.97 0.94 33.40
1639 400 0.97 0.94 55.90
2712 2100 0.92 0.84 7.43
11343 3380 0.83 0.67 5.37



CHAPTER 17

T OUSTNG MODEL.

T .1 Introduction

L]

?hcéhousiné.subrmodél is designed to determine the housing anceds ia
z. urban area. "The model baSicaIIy_deaﬁs“wfth"the-ﬂdentifigationhof nouse~
..0lds and the identificatlon of housing, units im which households arc dis=
:ributédm Hbuséhdﬁdé*werewcategprizedaani forecasted earlier in. the pop=
Jdiation modkﬂ.areféisofused~a5‘iﬁputsnﬁom:the:housingxmodém. Housing,
unit Is the physical structure which!a household occipies.and it wili be
discusseé»fnxthe description of tYe model. B

Previously, a housing model, the Oklahoma Housing (1), was: developed:
by the Bureau‘of‘Watez”andUEhvfrbnmentamﬁResources;Reseanchxatxthg;upiver-
sity of Oklahoma. However, that model was:designed to assist in.the ozer-
all scate housing.p&annﬁngjrather;thanuto;Beuﬁsedhinuan~urban‘area study.
lence, an effort-was made to develop. a diifferent model. - Although.mich of
.2 present housing model' developed :in this research was; based. on the
tWew York State housing-model’ (7); the: choice of .the type of model.was
nwde after an extensive. study of the;existing.housiﬁg:mo&emsw _The. clioice
of the model 'type will be.discussed: £irst in.the. following, and. then the
generil description of the' model. . - ol

T '
NN o ' '
v . . Ty

of Modél Eype

. Tt

17.1.1 Backvround:on‘the Choﬁce

The devclopm;nt of thc housing sub-modcb was: prcuedbd by an: e\tendcd

w7 N
“ry P

study of the cxlvtlng housing and’houulng ma rkct.modcrsm As.atrcsult"of

that study, a caLenorxzation of dL[ferent types o; housing, modclb was

i

douc. The categorization was.base& on thc-ttme characteristics consiacrcd,

4



the size of the geographical area encompassed, and the «ind and the amount
of data used in the models.

The time characteristics in a model include the length of time usec
to age the variaﬁies in the model. It was found that, in their forecast-
ing process, most models age in five year increments. This was done because
"five-years'" is half of the time span between two conseputive censuses con-
ducted nationally. The San Francisco model (3), however, makes six runs
with tire intervals of two years each. This was thought to be a somewhat
unrealistic time interval as major housing selection or migration of the
average household probably does not take place in such a short period {two
years). in the development of the housing sub-model, it was decided to
leave the time of aging as flexible as possible so that it will be abie
to [ic the periods used in the over-all urban system model.

Next, the characteristic of the size of the geographical area cncom-
passed by a model was studied. Models are generally of two basic cate-
gorics - regional (or state) and sub-regional. Regional models, such as
the New York State housing model (7), encompass a large area and, there-
fu. 2, predict housing trends on a broader base. The data required for
tuls Lype of model are usually quite easily accessible in the form of
ccnsus data.  Sub-regional models, such as the Delaware (5), or the San
I'roancisco model(3), tend to require data wifﬁ a higher complexity for a
smaller area. Hence, it was decided to use a regional type model in this
study simply becausé of the large urban area considered in the develop-
ment of the model and the avallabillity of data.

The kind and the amount of data used in a model were then studiad.

The variation of the amount and the kind of data used in a model ranges



Jrom aouschold and housing data, essentlally census data, used by the

)

New York State model (7), to the monumental amount of data used in the

San Francisco, model (3) i

- . [ A O =S P

The New York State model categorizes households according to income
_,txg._“‘ e be S, " .
and age, and divides housing into eighteen types based on value, tenure,

.,,!. L A Y

P AL PR P

ard structure. Although data on housing could be broken down further to
PP BN
anoroass more types (the San Francisco model uses 288) based on addi-

" * sy, b
' -2 '.f‘./

. AP -
g 3i L. e D

tional variables such as labor force, employment, city conditions, trans—

Cared ,“ R
SIS 5

portation aVallablllty, etc.h The model would become extremely complex
and data would be too costlyhand too difficult to be obtained,

- "‘rk A Lkl Loavio o N [}

Finally, With its flexible structure, the baSic format oi the New

N R
T u

York State Housing model was adapted in this study. The New York model
encompasses a workable number of parameters which are suffiCiently flex—

LI BLIST AR, o J i

itle ta bc chan g ad as ne cessarv, ye it is not ut such an infinitestimally
N o . LR .

detailed level as to make the model too cumbersome for use.

I
N

17.1.2 General Description of the' Housing, Sub-model

The two main components’inﬁthe housing sub-model dre the housing. -
unit and the household. The model is basically a cohort—survival modcl.
in which housing units go through an aging pr°°¢$$ﬁwhile households are
also .gud but outside the sub-model.. Actually, household. data are der-
ived from the outputs of the population model-in{which'all'population
couponents are aged‘as well as, the related variables, such as houscholds.

The model begins by talking inventories of the currently aged housing

. 4
_f‘;w‘i Tt . Ty

units and households, and then, the numbcr and the types of'nem‘housing

foe,, ey P ',. R

nceded to be addtd ‘to the study area are detcrmined This is done oy

P e



juring.the vacant housing with the number and the type of the house-
-.2s vilch are dissatisfied with thelr current housing and those which
. e novly inmigrated to the area. (See Figure 17.1-1)

Next, new housing is "built'" in the sub-model based partially ou
. lstorical trends and‘partially on current demands. Three options are
available for this new housing 'building" process: (i) let the model
automatically "build" the required housing according to a pre-programmed
ratio indicating the distribution of new housing 'built' based on the
nistorical trends and current demand, (ii) participate in the decisioun
making by changing the pre-programmed ratio, and (iii) execute the entire
"building" process outside the model by adding a certain amount of new
wousing units to the market.

Newly "built" housing plus aged housing are considered as the hous-
itz characteristic for the area during a particular time span. This
characteristic will then be used as the initial inventory in the mext
cycle in which housing units will go through another aging process and

new housing needed will be determined and "built".

+7.2 Description of the Model

Zich individual component of the housing sub-model is described in
.ais section. To show how these components operate in the overall sub-

codel, a flow chart of the model is shown in Figure 17.2-1,

+7.2,1 lousing Tnventory--Types of Housing

The sub-model begins:by reading in an inventory which includes

aousing, and household population; The housing inventory 1is categorized



Figure 17.1-1. The Housing Model
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Figaire 17.2-1 Operation of the Housing Mouel
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by :he’value, the tenure, and the structure of the housing unit. lousing
/i )
values are divided into high, medium, and low groups. The structure oi

acusing is based on whether it is a single family unit, multiple family /
wnit, or mobile_home. 6wner-occupiediand"rente;—occupied are the two
swb;categories used to define the tenure of housing.

Using these sub;divisions, a total‘of elghteen typeSVof housingz.ie
derived as shown ianable 17.2. 1 1 The development of tnese sub~divi-

sions was based on the availability of census data. Hence, there\should

~ |

i 5 -

not be any difficulty in obtaining the housing 1nventory, although soxme

L - .-

computations are needed to convert raw census data into usable data. The
3 -"' v, »>

popuiation and the household inventory needed for this sub-mouel. are

LS il

obtain2u indirectly from the population model. described earlier.

5 - L

17.2.2 Nousing Ading®Process--Housinm-Transition Matrix

After obtaining*the initial housing inventory,. the-housing;aging
process takes place... This is accomplished by multiplying the. initial ,
housing units by a housing transition .-matrix. The housing transitioa.
metrix gives'the probability of moving. a housing unit. from one of the:. .
cipghtecn types of housing?to another- type.within a certain time spam,,
e.g., between time- (t-1) and timca(t).

A sample hou51ng trans ition\matrix is/shown»in.Eigure 17.2.2-1.
ihe first column of the matrix designates; the original: . elghteen types.
of housing which will move tOzone‘of.thc-housing;types,indicatedioy the
first row of the metrix. As noted fn‘theufirst row of the matrix, besides

the o*iﬂinally deflned e1ghteen types of hous1nb, there: is an additfonal

= .
B ,,w s

catepory: aemol:shed housing. 1hus, thc housing transitiomlmatrix 1ro-
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“For ovner-occupied units, value categories are defined according to the

-1

valiue of

Value*

low

low

low

low

medium

nedfum

medium

medium

Table 17.1-1

HOUSING TYPLS

Tenure
owner~occupied
owner-occupied
renter-oécupied
renter-occupied
owner—occupied
owner—-occupled
renter-occupied

renter-occupied

high
high
high

" high
low
low
medium
medium
high

high

the housing.

'

b

owner—occupigd
owner-occupied
renter-occupied
renter-occupied
owner—occupied
renter-occupied

owner—-occupied

renter—occupied .

owner-occupied

renter~occupied

Structure
single-family
multi-family
single-family
multi-family
single~family
multi-family
single—famiiy
multi-family
single-family
multi-family
single—~family
multi-family
mobile
mobile
mobile
mobile
mobile

mobile

Icw - less than $15,000.00
wedium = $15,000.00 - $24,900.00
51,0 - $25,000.00 or more
or soater-occupiled unite, value categories are based on rent and defiadd

s foliows:

oLoium -

R

less than $100.00/month
$100.00 - $150.00/nonth
$150,.00/month or more



Figure 17.2.2-1

HOUSING TRANSITION MATRIX

To housing type:
Frvo housing type:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Demolished

1 .85 .00 .05 .00 .06 .0C .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .0O .04
2 .00 .88 .00 .05 .00 .05 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .OO .02
3 .02 .00 .87 .00 .00 .00 .04 .00 .00 .00 .00 .00 .00 .00 .0O .00 .0C .OO .07
4 .00 .02 .00 .90 .00 .00 .00 .03 .00 .00 .00 .00 .00 .00 .00 .00 .00 .0O .05
5 .01 .00 .00 .00 .8 .00 .05 .00 .04 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02
6 .00 .01 .00 .00 .00 .90 .00 .05 .00 .03 .00 .00 .00 .00 .00 .00 .00 .20 .01
7 .00 .00 .01 .00 .02 .00 .91 .00 .00 .00 .02 .00 .00 .00 .00 .00 .CO .00 .04
8 .00 .00 .00 .01 .00 .02 .00 .93 .00 .00 .00 .01 .00 .00 .00 .00 .00 .0O .03
9 .00 .00 .00 .00 .02 .00 .00 .00 .92 .00 .05 .00 .00 .00 .00 .00 .00 .0O .01
10 .00 .00 -.0¢ .00 .00 .02 .00 .00 .00 .92 .00 .05 .00 .00 .00 .00 .00 .0OO .01
11 .00 .00 .00 .00 .00 .00 .02 .00 .02 .00 .94 .00 .00 .00 .00 .00 .00 .00 .02
12 .00 .00 .00 .00 .0G .00 .00 .02 .00 .02 .00 .95 .00 .00 .0CO .00 .00 .0O .01
13 .00 .00 .00 .00 .00 .00 .00 ,00 .00 .00 .00 .00 .73 .05 .02 .00 .00 .00 .20
14 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02 .76 .00 .02 .00 .00 .20
15 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .10 .00 - .69 .05 .01 .0O .15
16 .00 .00 .00 .00 .00 .00 .00 .CO .00 .00 .0O_ .00 .00 .10 .02 .72 .00 .01 .15
17 . .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .12 .00 .73 .05 .10

18 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .12 .02 .76 .10



vades for the elimination of some o the units. The output of the hous-
in aging process 1s the housing stock which existed in the previous
seviod and after some of them have changed from one type to another are

3,50 considered as part of the current housing units.,

17.2.3 Household -- Population-Household Transition Matrix

Household inventory is obtained indirectly from outputs of the pop-
ulation model described earlier., It 1s categorized by the age of house-
hold head and household income.  As shown in Table 17.2.3-1,three types
of household income are considered: 1low (annual income less than $5,000),
medium (annual income between $5,000 and $12,000), and high (annual imncome
zreater than $12,000). There are ten categories of the age of household

head:

those younger than—25-years—old—(1 group), those between 25 and 65

in five-year increments (8 groups), and those older than 65 (1 group).

As a result of this categorization, thirty types of houscholds are derived.
Iﬁ the population model, each population component goes through an

aging process in a particularly defined time span. The aged population

componeuts are then used to determine the number of each type of houschold

Ly using a population - household transition matrix. This matrix indi-

cates the percentage of each population component being used to defiae

the nuaber of houseliolds in each period. In other words, the household

Iipures In each period are derived from the bopulation components aftuer

Lue popuiation components have gone through an aging process,

17.2.4 4 .sigument of llousing--lHousing Preference Matrix

Af¢ r the aging processes of housing and houschold have been dong,

< assignment of the previously existing houscholds to previously exist-




T&ble 17.2.3-1‘

HOUSEIOLD TYPES

-Age of | -, Household"

Ligseho}d type household head income*
1 less ‘than 25 low
2 S . 25-29 . - ' < low. .
3 30-34 low .
4 .. 35-39 T o low U T
5 50-44 : low
.6, .0 45-49 < low - -
7 S0-54 low =
8 . 55-59 . Tow '
9 60-64 low
10 - . 65 or over: » . low -
11 less than 25 medium
12 25-29 medium
13 30-34 medium
14 - 35-39 medium
15 . 40—34. . . medium
16 45-49 medium
17z . . . ~ - . B0-=54 . “© . medium
18 55-59 medium
19 3 - 60~-64 ... - medium
20 65 or over . medium
21 + .+ _less than- 25-. . "high
22 . 25-29 high
23 . ..: .. 30-34~ -~ .. . high
24 - 35-39 ~ high
25 . ., 40~&44.-. - . - ' high
26 45-49 ’ high -
27 © 50-54 “ high -
28 55-59 high
29 S . 60-64 . - . "~ high
30 65 or over high -

3

*Household. income:-categories "are defined as follows:

low ~. annual-income of:less. than $5,000.00
medium - annual income of $5,000.00 - $12,000. C0
high ~ annual income 0f-$12,000.00 or more :



uy, nousing 1s made. Households are assigned to housing according to the
. ~cusing preference matrix. Asg shown iIn Figure 17,2.4-1 the housing pre-
Z:rcence-nmatrix indicates ghe preferences of the thirty different types of
z..¢ heuscholds for each one of the eighteen types of housing.

In general, the higher income households are assigned to their pre-
Zerred housing before assignments of the lower income households are made.
As a result of the dissolution in the aging preocess of both households
and housing units, some previously existing households are without hous-

ing and some housing units are vacant.

17.2.5 The Dissatisfied Household Process —-- Dissatisfied Household Matrix

After the initial housing assignment, the dissatisfied household
process is considered. As indicated in the housing preference matrix,
each type of household has relative preferences among the eighteen avail-
able types of housing. The probability of a household's dissatisfaction
with present hogsing depends on its relative preferences for that hous-
ing. Thus, a very small percentage of households will be dissatisfied if
their present housing is their first choice, while for those whose cur-
rently assigned housing 1s their last choice, the percentage of dissat-
isfied houscholds will be large. An example of the dissatisfaction prob-
abilities of dissatisfaction to the inital housing assignment, the dis-
satisfied household matrix can be obtained (see Figure 17.2.5-1). aa
example of the dissatisfied household matrix is shown in Figure 17.2.5-2.

Each entry in the dissatisfied household matrix indicates the aumber
of houscholds of a particular type which are assigned to housing units of

a particular type and are dissatisfied with that assignment. By sumuing



Figure 17.2.4-1

HOUSING. PRCFERCNGE_FATRIX
t.zsncle Bszferedces $f sach househcld type for housing
foe 1st 2-c 32c 4w~ Etn 6tR  7th 8th 9th 10th 11tn 13tk 13th 14tH 15th 16tH 17th 16th
4 & 3 z P13 14 8 7 6 S 15 16 12 11 10 9 17 18
z 3 &1 z 13 14 7 8 & 6 15 16 11 12 9 10 17 16
z ; 2 3 s 15 14 9 6 7 8 15 16 9 10 .11 12 17 16
z <. 2 3 4 43 14 5 6 7 8 15 16 9§ 16 11 12 17 18
: 2 1 ¢ 13 14 6 5 & 7 15 16 10 9 .12 11 17 18
6 1 3 y; ¢ 13 14 5 7 6 8 15 16 - .9 1110 12 17 18
T 4 3 2 & 13 14 _ 5 7 6 B8 45 16 - 9 1110 12 17 18
C + 32 4 15 44 s 7 6 8 15 16 .9 11.-10 12 17 18
g o~ 4 72 3- 1. 13 14 8. 6 7 5 15 16 12" 10 " 11 S 17 18
ic. % 2 53, 4 43 44 -8 6 . . 5.1 16 1210 -1 § 17 18
11 8 7 5 5§ 15 15 4 3 2 1 43 14 12 11 - 10 9 17 18
12 4 8 £ 6 15 16 3 4 1 2 13 4 10 12 9 10 17 18
12 5 § 7 & 15 16 1 2 3 4 13 14 ;98- 10 - M 12 17 18
14 5 5 7 .6 15 16 1 2 3 4 13 14 ¢ 9 10..11 4z 17 18
iz § 57 & 7 15 16 2 1 A- 3 13 14 ‘40 9 12 41 17 s
is g 7 6 6 15 46 9 11 18 12 17 186 1 3 2 4 13 14
17 § 7 6 -& 15 46 9 11 10 12 17 18 . 1 3.2 4 i3 14
ig & 7 & & & 1 & 11 10 12 17 8 1 3 2 4 3 14
13 8 5 7 E 45 16 4 2 .3 1 13 14 712 107011 g 17 18
z2 g b 7 5 15 16 4 2 2 1 13 14 12 10 . 11 9 17 18
z4 i35 11 i 9 17 46 8 3 €& 5 15 16 4 3. 2 1 13 14
12 9. 4g 17 48 .7 8 5 6 15 6 3 4012 a3 e
Zz 8 49 41 iz 17 18 5 6 7 6 15 16. 1 2 3 & 13 1¢
5 5 10 11 iz 17 15 5 6 7 8 15 16 . 1 2.3 A N
5 34 8 42 41 17 8 6 5 & 7 15 16 2 -1 4 3 13 1
%5 ‘8 4% 16 1z 1% 18 5 7 3 8 15 ié i 3.2 b 15 14
X 6 1 40 4z 47 18 5 7 6 & 15 16 1 3 2 4 13 14
2z 4 11 10 12 17 18 g 7 .6 8 15 16 3 3 2 413 14
25 4z 10 % 8 47 8 8 6 7 5 M5 M 4 231 13 e
82 j5 30 11 g 417 18 B 6 7 5 45 1% & 2 3 1 i3 14



Figure 17.2.5-1;
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the rows‘of this matrix, the number of each type of household being with-
out housing due to dissatisfaction is determined. In a similar maanner,
by sumn%ng columns rather than rows, the number of housing units of each
type vacated due to dissatisfaction 1s determined.

After obtai;ing the dissatisfied households, the pést-aging process
and post-dissatisfaction assignment of previously existing households to
previously existing housing is then computed. To get this assignment,
cach entry of the dissatisfied household matrix is subttacted from the

comparable entry of the post-aging process assignment. A post-aging and

post-dissatisfaction assignment matrix is shown in Figure 17.2.5-3.

17.2.6 Determining New Housing

The new housing needed to be "built" is based partially on histori-
cal trends and partially on current demands. Three options are availzble
vienl making decisions on thie amount of the new housing needed to be ''buiit'':
(i) let the model automatically '"built' the required housing according to
a pre~determined ratio indicating the distribution of new housing 'built"
based on the historical trends and those based on the current demand, (ii)
participate in the new housing '"building' decisions in this particular
cycle by changing the pre-determined ratio mentioned in i), Ar (iii) exe-
cute the entire new housing '"building" process outside the model by adding

a certaia amount of housing to the current market.

.7.2.7 [ne Complete Assignment of Houscholds to Housing
To complete the assignment of houselhiolds to housing, the total active
«waaad and the total active supply in cach cycle are needed. The total

. 2zive demand includes: (i) households without housing due to aging (of
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N

iouscholds or housing), (ii) households without housinb due to. dissatis- .

faction, and (iii):newly in—migrated households which are obtained from
the population model. Those included in the total»active‘supply areMthe

following: (1) housing vacant due to aging (of households or hou31ng), -

! o t. S i

(1i) housing vacant due ta dissatisfaction, and (iii) newly "bullt" hous—

3
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After the total active demand and supply have been determined, theh

total active demand. is a551gned to the total active supply by ut11121ng
housing prefetences as a guildeline. Results*from\this.a551gnment\1s~then\

summed with the results from the earlier post-aging process and post-
’ - S . ~

dissatisfaction assignment ot‘the'orevlousl§ ekisting households.t lhlss
produces the complete assignment of households to houSing_for.theDstudy;"
area for‘the particular time heing considzred.

Figure 17,2.7-1, shows the finalfassiénﬁent netrix which‘inhicates
the number of households being assigned to various types-of’hOusing.
Two additional flgures are also included in the outputs of the hou31ng

sub—model. The flrst, Figure 17.2. 7 21nd1cates the number and ‘the” types

of - addit10nal new housing needs to be "bullt" 1f all households whlch

e —

have not beenrassigned first choice housing are assigned to their firSt,
except that it includes both' first-and second choiCes,‘i;e.,'if a house-
hold is not assigned to a first choice houslhg, it will be assighed to

a second choice housing, and then the demand over the’suoply'is desig~

nated as the new housing needed to be "built“a*(see Figure 1?~2f7'3)’

.5
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touschiolds or housing), (11i) households without housing duec to dissatis-
faction, and (111) newly in-migrated households which are obtained from‘
the population model. Those included in the total active supply are the
following: (1) housing vacant due to aging (of households or housing),
(ii) housing vacant due to dissatisfaction, and (iii) newly '"built" hous~
ing.

After the total activ; demand and supply have been determined, the
total active demand 1is assigned to the total active supply by utilizing
housing preferences as a guideline. Results from this assignment is then
summed with the results from the earlier post-aging process and post=-
dissatisfaction assignment of the previously existing househoids. Thls
produces the complete assignment of households to housing for the study
area for the particular time being considered.

Figure 17,2.7-1, shows the final assignment matrix which indicates
the number of households being assigned to various types of housing.

Two additional figures are also included in the outputs of the housing
sub-model. The first, Figurel7.2.7-2 indicates the number and the types

of additional new housing needs to be "built" if all households which

have not been assigned first choice housing are assigngd to theilr first,
except that it includes both first and second choices, i.e., if a house-
hold is not assigned to a first choice housing, it will be assigned to
a sccond choice housing, and then the demand over the supply is desig-

nated as the new housing needed to be "built". (See Figure 17.2-7-3)
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"5 o r-model! Assumg tion Con

1 [ A
lY ~
H“

The ?model described is based on many assumptions. It is impossible

-J‘CJ);iCitly delineate every assumption built into a model; however, 1t

_is. Ho:o-ale to .point out some of these assumptions. These asseumptions
*. . : .
e s . A ; X
qu-a1v1ded into two types: (a) those assumptlons which can be changed

Coa

B Rt

uu'V by naklng*changes in the basic structure of the model, and (b) those

:

assumptions which can be changed without making changes in the ba51c struec-

tu;e of the médel. ‘
i
. : g . l ' .
17.3.1 Tvpe one Assumptions

€

Y

With\respéct to the first type of assumntions, the m;del :eeumes that
the income and-age of the household head are the only hou;eholdfcharacteris—
tits of éignificance. There are, of course, a number of other househeld
characteristics which could have been included in the model. These include

race, number of persons, age of children (if any),, and. occupation and educa-

[

tion of the household head. These additional characteristics.were. excluded

in order to make.the model less complex than it would: be if' they were in-
cluded, lcenerally;ﬁitlnae assumed ‘that. the sacrifice in validity resulting
from this omission ‘would be more than adequately compensated for by’ the’

?
)

gain in simplitityiﬁ Sneeifically, the following are the reasons»fot the

3

v !
omission. of each characteristic: .

1) The race Varlable in sp"te of recent federal state and loca'I

e -~ v ¢

legislation, rac1ally segregated resldcntlal areas per51st. Thus; race is

|
t .
- - R

an important factor'inethefassignment of demand to supply'in the iocal

housing market. However,.the sub-model does not consider the-allocatien

of cither households or housing units:to geographic ‘sub-divisions within



ti.e market. .. Since raclal segregation occurs only.at the sub-market area
icvcl,,ic secms-poss;ble;that’thé model can fairly safely omit race bs a
w.ousehold charactcristic; Thisvassumes'that; holding -income and age of‘
‘nousehoid head constant, housing preferences-and available housing tin
ceras oi value, tenurc.acd structure) do not vaty with 'race. This assump=-
tica is not completely va}ig,'but'sincefche‘location of housing is omitted
Zron the model, perhaps ‘it has.a faitly high degree of validity.

. (2) The number of persons in ‘a-household depends mostly on the num-
ber of children in.the .household, and there existS'it.seems‘intuitively,
at least some correlation between the age of the household head and the
number of children. Likewise, the age of - the children (if any) seems to
be éomqwhat—correlateé with' the age of*the«houseﬁold head.’ Thus; both
variables relating to the number of persons and. the ages of the children
hzve been omitted since they. are-at least partially repfesénféd‘by the
age of the household head. - v - Coe

(3) Occupation and education of ‘the houséhold head may affect the
household”'s, selection of housing. Nevertheless, these ‘additional house-
told characteristics have:been excluded from the sub-model as probably
less relevant%tcan'thc included chéfacteristics;T The ommited character-

iztics are thus not irrelevant, but. only less relevant than age of the

-

susenold head and income.

It is assumed that the effect of the omission of these-presumable’

rad

2.3 relevant household characteristics on the modcl's valldity 1s ratner

2. g

canlis. Taat is, it is assumcd that had the nodcl included these addx-

I
)

-.0aal houselold characteriutics, it would not have bcen much more va-‘d

0 : : v Toe e wex 13 ‘:‘,
LA e R Y S TA T N A Teb I e ’Jilc.‘ [ORETREA) :

S o 3
Ludn 1t now is..



Ignoring the quality, the size and the age of the housing uunit i:
alsu a first type assumption. The age of the housing unit seems t> be,
oy itself, except in special cases, an unimportant factor in considering
nousing demand. - Quality and size, in combination, are reflected to scme
extent in'the valué of the housing. These requirements are a matter cf
degree, and within limits, they can be satisfied by a rznge of housing
accommcdations if suitable price adjustments are made.

Age, quality and size of housing have been omitted not because they
are irvelevant, but because they are assumed to be less relevant than tne
included characteristics. It was assumed that the loss in validity
resulting from these omissions would be offset by a gain in simplicity.

Thie model omits market fluctuations around the equilibrium point.
Tuus, tae model is essentially an equilibrium model, which assumes that
supply varies directly witn demand. The assumption is obviously not
completely true, as market imperfections may cause supply to be either
greater than or less than demand at any particular point in time.

Interest rates have been ignored in the model. While the credit
is certainly an important factor in looking at the housing market over
a period of several months, it is reasonable to assume that credit '

secomes relatively less important when the market is examined only once

wvery 5 years.

.7.3.2 Type Two Assumption

The assumptions described below are those that have been built
into the model's data cards, thus, they can be fairly easily changed.

The housing preference matrix holds an important set of these



assumptions. ‘The preferences included in ‘this matrix are not the desires
and asﬁirations of households, such-as those that might be expressed in
gesponse'to‘ah interviewer's questions: "in what-type of housing would
you most like to._live?" “Rather, &hetmétrix?attémp?éwgo:answerva slightly
different question: "given the characteristics Kiﬁcomé:énd age of head)
of your household, if“youlcéuld‘chbbsé‘ahbng*the‘l? housing types, in
which would you be most likely to 1ive?" ¥n short, the housing prefer=-
ence matrix is concerned with effective demand.

Followihg’afe fﬁé‘major assumptionS"ihpliCit in‘the housing prefer-
énce matrix (ﬁdd"they43ré”hlquSuﬁmarizé&Hih‘Tablev17w3@2-1.

(1) The”ﬁbét“obVioué”coﬁstrﬁint"is%ﬁouséhdldlincome; Regardiless
of age, the fifst-sixlﬁousing4choices~for%ldw-inc6merhouseholds are low-
value housing ‘units, .and the last“six'dﬁoices:aﬁejhtgh—value=units.
{Definitions of-housing types and househoid'types'are presented in Tables
17.2.1-1 & 17.2.3-1)., Similérly; the:firstasixéﬁousihg choices for high-
income households, regafdles;’of.agé;ﬁaré?high-valueiunitsyvand the last
six choices aréfiow-valuewunfps_ 'The first six housing ¢hoices for med--
ium=-income households, reggrdlesé%éf:age;,ate‘medihm4balue:housing‘units.

)
[

(2) Within this basic income constraint, there is a general pre-
ference for renter-occupied unité amang fhose“householdS'with the head
aged less than 30 or over 60. Those households with the head aged less
than 30 have a stronger preference for rentef-occupied«units than do
those households with the -head aged 60 or over. For households with the

head aged between 30 and 60, there is a general preference for owner-

occupied units. Those households with the head aged between 30 and 45
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lL.ave a stronger prefe?ence for ownev~occupied units than do households
with the head aged between 45 and 60.

(3) There 1s a general prefercace of multi-family units, among
those households with the head aged less than 25 or over 60. For house-
holds with the head aged between 25 and 60 there 1s a general preference
for single~family units.

The housing transition matrix for aging also incLudes important
assumptions. An initial important question in the creation of this matrix
is: what is the prqbability that a housing unit which exists at a given

point in time will no longer exist five years later? The U.S. Census of

Housing (1960) provides a good starting point: for the U.S., 8.1% of*the
1950 housing stock did not exist 10 years later in 1960. The period of
time in one iteration of the model is only 5 yzars, so the basic loss rate
would be about half the 8.17 or approximately 47%. (Upon the advice of
those working in the INCOG area this was lowered to 27%.) It is possible
to assume that this rate does not depend on the housing type. This 1s an
unlikely assumption, however, so it was assumed that the rate varies with
the housing type.

In varying the basic housing demolition rate, the following assump=
tions were made and they are summarized in Table 17.3.2-2.

(1) Holding tenure and structure constant, the lower the value of
the housing unit, the higﬁér will be its loés rate. It seems reasonable
to aésumc that both the accidental demolition rate (e.g. —— due to fire)
and the nonaccidental demolition rate (duec to deliberate demolition for
urban renewal; highway Coﬁf}ertiPH) new residential and non~-residential

construction) would be higher, the lower the value of the housing unitw.:

i



TABLE 17.3.2-2 . --

UOUSING UNIT GENERAL ASSUMPTIONS -

1LOUSING TRANSITION MATRIX:

Py

3.

e

’

Tenure & Structure Constant:

Lower value implies higher loss
Value & Tenure Constant:

Single-family implies higher loss
Value & Tenure Constant:

Mobile homes implies highesf loss
Value & Structure Constant:

Renter—occupied implies higher loss

ADDITIONAL ASSUMPTIONS

l.

C»
.

Structure does not change
Characteristic change - only one per 5-year period
example - value but not tenure
Value & Structure Constant (multi & single-family)
Owner-occupied implies greater probability of increase in value
Value & Tenure Constant-Probability of increasing value:
single-fanily .GT. (greater than) multi-family .GT. mobile homes
Greater probability offbalue increase
low value .GT. medium value
Value 1s basis for probability of decrease in value
high value .GT. medium value (non-mobile home)

Assumption 6 holds for mobile but with much higher probability
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(2) Holding value and tenure constant, single-famlily units wiil
have a higher loss rate than multi-family units. It is assumed that the
accideatal demolition rate would probably be similar for single-~family
and multi-family units. But the nonaccidental demoliton rate would be
higher for singi;-family units, as the cost of acquisition and demolition
would be less than for multi-family unitg.

(3) Holding value and tenure constant, mobile homes will have a
higher demolition rate than either single-family or multi-family units.
It is assumed that in general, mobile homes are intentionally built to
have a shorter life expectancy than non-mobile homes.

(4) Holding value and structure constant, renter-—occupied units
will have a higher loss rate than owner-occupied units. The accidental
demolition rate would be similar for renter-occupied and owner-occupied
units, it is assumed. Dut, owner-occupants are more likely than renter-
occupants to oppose effectively the nonaccidental demolition of their
housing units.

In addition to moving from existing to non-existent, there are other
changes which a housing unit can make. Theorctically, in fact, a unit
may move from its housing type to any one of the other 17 types. In
order to eliminate some of the less likely possibilities from considera-
tica, the following assumptions were made:

(1) No housing unit changes structure. That is: once a single-
femily unit, always a single-family unit. And, similarly: once a multi-
fanily unit, alvays a multi-family unit. This is obviously an incorrect
assumption. However, it is reported that in recent ycars changes in

i
dwelllng unlts due to net conversions to dwellings and mergers of existing



rave about offset each other., Thus, the assumption, although invalid,
wiil distort the number of single-family and multi-family units very
iittlie.” ‘

(2) A housing unit will change only one characteristic in a single
3~year perlod. TFor instance, if its value changes, its tenure will not.
Although not entirely realistic, this is made as a simplified assumption.
It leaves open the possibility that a unit may change two characteristics
over a 1l0~year period.

(3) Holding value and structure constant, for ;ingle-family and
multi-family housing, owner-occupied units will have a greater probability
of increasing in value than renter-occupied units. The assumption here
is that improvements which will increase the value of a housing unit are
more likely to be made for owner-occuped units than for renter-occupied
units.

(4) Holding value and tenure constant, single-family units have a
greater probability of increasing in value than multi-family units, which
have a greater probability of increasing in value than mobile homes.

(5) The probability that a low-value unit will increase its value
is greater than the probability that a medium-value unit will. A high-
vaiue unit cannot increase in value, or at least such an increase can-
not be recognized within the model.

{6) For non-mobile hqusing, the probability of a housing unit
“eereasing in value, depends on neither structure nor tenure, but only
ou valuce. The probability that a high-value unit will decrease in value
is greater than the probability that a medium value unit will decrease

in value. A low-value unit cannot decrcase in value, or at least such



a decrease cannot be recognized within the model.

(7) The same assumption (6) holds for mobile housing as well.
Mobile ilousing has a much higher probability of decreasing in value than
does non-mobile housing.

’ (8) The probability that an owner-—occupied unit will become a ren-
ter—occupled unit is constént, regardless of tenure or value. Likewise,
the probability that a renter-occupied unit will become an owner-occupied
unit is constant and is not affected by tenure or value.

(9) The probability of changing from owner-occupied to renter-occu-
pied is greater than the probability of changing from renter-occupied to
owner—~occupied. It is assumed that as housing ages neighborhoods, and
therefore housing units, will shift from owner-occupied to renter-occu-
pied; it is less common to observe a shift from renter-occupied to owner-
occupied.

Finally the probability of dissatisfaction is based on the following
assumptions:

(1) The preference of the household for its present housing as
shown in the housing preference matrix is used to determine the proba-
bility of dissatisfaction with prescnt housing. This probability does
not vary with the household type. There is no i;formation available to
ceternine whether or not this is a reasonable assumption. BRBut 1t is
probably as reasonable as many other possibilities, besides being a con-
vernient assumption.

(2) The less preferable its present housing, the greater will be
the probability that the household will be dissatisfied. This is a

rather simple and straight-forward assumption, as long as the housing



prefereace matrix 1is accepted as reasonable.
(3) Even 1if 1its presenc’housing'is its first choice, there is)ééill

a swzll probability that the’ houséhuld Will be ‘dissatisfied.

y’"‘k&)" Even 1f its present housing is its last choice, there is still
a snall”?robébilléy‘thﬁt*tﬁé“hbusbhold’%ill‘hGE*%é“diésatisfiédi‘ In the
model, dissatisfaction is é’pieteﬁdléife”fbr‘tﬁb~%ééfcﬁ“for”ﬁbﬁsiﬁg; It
seens reasonable” to eXpect”that’ some* Houseliblds, even if'pieSently resid-
ing in“housing of theii"fifst ¢hoice, will conduct this search: ‘Similarly,
some households, even”if presently residing in housing of their -last choice,

will not éondust this'search. =



SUB-MODIL “VALIDATION

R IT I S (R N

The major purpose of the model is to predict the housing that will
exist in a @pg§;qg magggg;gg one or morg;points in.time in, the future, There-
foiégfa ;g§§qqulghgues;;on»for”a pupliC4p91i¢quakep1ﬁqré§k,’pripr to using
thé‘mo@eltﬁiszhmbqéhyqliﬁbig the model? ‘Theqyalidityaofﬁthe‘m@&el can never
be established without doubt. Even ifjwe could; determine that "the model was
pqgﬁpcglyevaliq_fprhgngrticulér housing market, or. for:all markets, over onme.
éep;yggfhggp;odlvtﬁisviqgs\no; necessarily mean that the model will be valid
over the following ten year period or the following,égriggs. And .in fact, over
‘a past period, the model predictions cannot be compared with real world
occurences, but only with an independent estimate af reality.

In spite of these severe constraints, some validity tests have taken
piace. These have been basically geared to establishing the mathematical
functioning of the model, The housipg stock input was loaded by first giving
100 units of all types of housing and then 10,000 units.. Household types were
then loaded giving rations of 1:1, 5:1, 10:1, 20:1, 25:1 and 100:1. The
process was reversed holding households constant and varying the ratio of
housing. In addition to checking the assignment matrices a section was
added to check the percent of housing taken off the market as a result of
aging. 1In every case the model bore out the anticipated and hand calculated
rasults,

A second type of check took the form of running the model with actual
data and checking closeness of new housing built with that of a similar
areca's housing built over that period of time. This check proved to be

within reasonable bounds.
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CHAPTER 18
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18.1 Introeduction . <4 (2% . Ll -y Lo

Thes genéral putpose of-the. drainage sub-model “fs~develope a méthoa
, s . T U N SIS R S S P
whiich*éan ‘Be“used to provide indicators concerning storm runoff drainage
. . ~ s .- . s e T Nt e met N S TNRY N N, . -,
in an urban-environment.:-More specifically it is~’aimed -at’obtaining

- . e
1 . LT

polllutional load indicators. et
The’present stidy is‘based ‘on several previous studies. A recent.
stuéy by tﬁe'AVCO‘Economics.Sjstem“Corﬁoratibn*(I)”reratiﬁg to ﬁblfdgfoﬂ‘
activitiestand‘urban-land use‘wéé“hihed-at‘dévelﬁﬁfﬁg teéhﬁiﬁheé\fgé’:“
estimating types‘and corncentrations '0f ‘contamindnts’found in rin-off ffom
storm water. Thesé>techaiques’ reuive 'a bdsic 'knowledge of land use,’ '
street area, sanitary conditions, ‘impervious cover éndrfﬁé‘QQeéggéfﬁmoﬁné
of raiafall for each season ‘for'théi‘atea under study. Although Tand use
allocation-is néfther Ssufficient’ nor séhsiﬁi@efeﬂﬁugh to explain the
variability of storm water contaminant concentrations, the teéﬂu{qdc;
devc10ped“do'ptovidb.éhfééfimdtei“““ L
The mathematical models which reﬁhtteavfroﬁ’éﬁis“ﬁfojedt are of lindar
form, Each équaticn contains ffomﬁﬁné‘td’fiVe1iﬁae5éﬁdéht‘Varfﬂblésfdﬁiéﬁ
require careful projection and”ébtfmhfidn{:fThefiésﬁfﬁg are reliable and
reasonable, HoweVer;“dataAwefefﬂot*thiﬁaﬁlﬁxfb?béfﬁittdivﬁlgpﬁéﬁi'o%“)"

[ IER m

Lriar, T 4 g AT LR P
riztion of 'laad’ use and popire

resression equations based on the detaiied vai
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lation cohorts required for. the curient rescarch. ihe méasurements of
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stomm water quality and quantity based ‘oa- the approach used to develop



the mathematical models along with land use tabulation would permit a
timely and feasible development of output equations for all urban arcas.

Another study (2), subsequent to the one just described, carried on
by the University of Oklahoma, developed methods for predicting dispersed
pollutional storm water loads to receiving streams from land use activity
cohorts. Three alternate methods were used. The original methodology
was developed with unrestricted cohorts.

The study yielded the average expected pollutional load per season.
This is done by estimating the amount of seasonal storm water run-off by
rational methods and multiplying these volumes by the average reasonal’
pollutant concentrations (using the appropriate conversion factors). The
product gives each pollutional parameter in pounds per season,

The area of the appropriate drainage basin is multipiied by the
average parameter value taken from an appropriate table which summarizes
tuc results. The results yeild pounds of contaminant per season. A
stmmary of important results related to the present research is preseanted
in Table 18,1-1, 1If the avefage seasonal precipitation amount over the
area differs significantly from the average values in Table 18.1-1, the
procedure has been to adjust the computed loadings by an estimated
perzentage increase or decrease. The desired average loadings are
obtained by dividing the events/season, or aéding the pounds per seasonr
to obrain the average pounds per year,

The¢ study employed lincar regression equations, with correct input
indepencent variables, to obtain avéragc seasonal concentrations or

lcads. This procedure requires cxtensive information of land use and



o oanitary conditions of the area, and it is uniquely applicable to.

roun areas similar to Tulsa, Oklahoma.

et "'i
,ne lates

;tudy in the pollution sequence (3) has been an effort

to relate urban storm water pollution to the activity of the land,

> -

envlronmental'factors, and precipltation on 51x candldate c1ties in’ the

e \‘-/
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tnited States similar in terrain.and activity to Tulsa, Okiihoma. One

B e AR

o,
ol the maJor concerns was to env131on measures to control polluti n
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rather than,copstruction pfyfacilitdes to”treat'or;diSpose“of'itl "Also,
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it dealt with appraisal of the sources of pollution from the various land
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act1v1t1es to, prov1de means of control ‘of storm water pollutlon byiregula-
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tion of land use and urban planning. s o O S
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Rc e531on analySLS was also used to’ determlne urban‘pollutlonal

concentrations

in. that study. The average annual’ loads for storm water
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pollution‘were obtained by multiplying & 1e average pollutanL concentratlous
R P - Ve T TR =

[ e
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by the approximate annual rainfall in pounds per acre per year..
(il R e S P L W I

The study polnted out that:

(1)

(i1)
(ii

(iv)

oot Lo N N L
R - - Lo - o s ‘.

-the greatest amount of pollutant from the test areas

Iresulted from (a) wash ‘out" of materials whlch were'deposited'

on, the arcas and (b) ‘the er051on of dra1nage channels
caused by great amounts of ‘run-off, - ST

the Season with the‘most run<off has the mosﬁ‘polluténts,

i)functional relationships 'can be establlshed between stomm-
wvater pollution parameters and variables grouped in either
the precipitation or land use classification to obtain a
first order estimate of the average pollutant concentra-
tions at other geographical locations. --These. tcchn1qucs
prov1dc a proccdure for looking at the Jmpnct of urban
storm watcr pollutlonal loads on the receiving: strenms
and also plannlng for. control
T DS Y PRI
land, surfacc charncterlstics w1th the erongcst relatlon-
ShlpS with' storm ‘Water' pollutant conccntrat1ons are’(a)" " o



environmental conditions (b) geomorphic characteristlcs
which affect drainage and (c) degree of development or
urbanization,

(v) the environmental index (sce Table 10.2.2-1) which recflects
the general sanitary conditions of the sites, is a good
prediction variable for bacterial pollution parameters,

(vi) BOD concentrations decrecase with increasing flow during
the rising limb of the run-off hydrograph. The amounts
of BOD contained in the flow incrcased witih run-off rates
because the time rate of flow increased at a greater
rate than the BOD concentration decreased,

(vii)there is an increase in pollution produced per unit area
of commercial and industrial use if the daily number of
people who visit the area is high, and

(viii)in the residential section, the amount of pollution produced
. per unit area increases with the population density.

The research efforts culminating in the reports cited above had the
common goal of investigating the urban area drainage problem. The practical
purposc has been to enable the engineer and city planner to assess the
need for urban drainage systems in the near future, and to do so by
looking at the appropriate environmeﬂtal factors and the correlation
betwveen these factors., In these studies, land use classifications,
along with land condition and precipitation, have been used as input

functions to generate pollutional loads.

~%2 Model Description

The droinage sub-model developed for this study was based on the
coove mentioned studies. Regression analysis is used as the main techiique
Jor predicting urban storm run-off drainage pollutional loads. llowvever,
11 ocder to relate this sub-model to other sub-models developed in tiils

ooy, only the cohorts of population, land use, and the precipitation



w2ce used as inputs for prediction of pollutional loads. Altho;gh,
in general, due to the decrease in the number of independent variab’.es
used, the restricted cchort inputs tend to decrease the accuracy of the
cstimates by the repgression equations, yet in many cases, reasonable
éstimates and qualified magnitudes of pollutional loads were obtained.
Generally, urban storm water pollution loads are determined by
two factors, storm water run-off volumes and parameter concentrations.
These two factors are influenced by/the precipitation regimen of the
locality, the natural physical characteristics of the land, and the
land use pattern and intensity. The dispersed pollution flow chart
shown in Figure 8.2-1, illustrates the groups of the variables which in-
fluence the pollution loads., It must be noted that no variables can iaflu-
ence the particular pollutant loads to the same degree for each precipi-
tation event., Since both run=-off quantity and quality are necessary

for estimating the storm water pollution load, methods used in this model

to predict storm run-off volumes and quality will be described.

'3.2,1 Prediction of the Quantity of Storm Water Run-off
The most widely used method for estimating the storm water run-offl
soiume is the well-known "Rational Method". 1In this method, the rainfall-

tn~-off relationship can be stated by an equation in the following form:

Q = CIA
niere, Q = The rate of run-off in cubic fecet per second
I = Average intcensity of precipitation for a duration equal

to the time of flow from the most rcmote portion of the
drainage area to the point of design



The area in acres tributary to the point of design

2.
)

A complex variable having concealed within it numerous
interdependent variables, such as the character of land
use, the slope of the ground surface etc.

(@]
It

w0 modified methods derived from the Rational Method are developed
co ostimate the volume of individual precipitation events and the average
wontaly or annual run-off volumes respectively. The detailed description

4

of these methods are stated in reference (3),

Method 1
The first method which is to determine the volume of run~off of
» iadividual events can be illustrat:d by the following equation:

Volume = (0.5) x" (Maximum Rate of Flow) x (Duration of Run-off)

The maximum rate of flow can be determined by using the Rational

Method:
Q = CIA
wiere, Q = Flow in acre-inches per hour
C = The ratio of peak run-off to average rainfall
. I = Average flow intensity in inches per hour for a duration
equal to the time of concentration of the basin
A = Area in acres

The equation states that the rate of run-off equals the rate of
supply {rainfali excess) if the rain lasts long enough to permit the
cntire arca to contribute. This method presumes that the maximum flow

sz& ozcurs when the entire basin is contributing to the flow at the
cutlet. In order to determine the average flow intensity (1), the

ctime of concentration (tc) must first be obtained. Even though the



uiniall rarely occurs at a un1form rate, the average intensity durlng
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tc is assumed to be constant. It is assumed that, if uniform rainfall'
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The tite of’ concentration is‘caléulateq: by a méthod' (4) ‘which utilizes
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The intensity, I, can then be determined from mass curves of rain-
Zall obteined from an automatic recording rain gauge or from intensity-
.uration rainfall curves compiled for the locality. TFor some extended
cvents, the average intensity-for the period of maximum rainfall can be

used for the storm, instead of determining different values of I for each

1

che intense showers within the storm.

Fh

o)
The ratio of run-off to rainfall (the run-off coefficient) wvaries
widely between storms in a given drainage area (5). This ratio is afiected

by many factors. For watersheds with definite sub-units of dissimilar
land use, an average value of the run-off coefficient (C) can be computed

as a composite value for the watershed:

The related Ci and Ai are aggregated and divided by At to obtain the
representative value of C for the watershed.

The rationai formula has also been expressed as Q = 0.9 IAS, where
As.is tlle street area in the urban watcrshed. It is interesting to note
t.at tue two formulas give almost identical results for drainage sheds with

a high percentage of impervious cover, but give values varying by a factor

of threce to four in outlying regions with a low percentage of imperviousness,

Method 2
This method is used to estimate the average monthly, scasonal or
coauwiL run=off volume. Impervious arcas within the subject watershed

arce first delincated by reference to local maps and other available rocords,



L.2 cotal area of impervious surface {s then multiplied by an appropriate
.in~0ff coefficient and by local precipitation data (from the U. S, Weather
.ccau's records) to determine the run-off from the impervious portion

< che watershed, Run-off data for a primarily undeveloped watershed

in the vicinity (from USGS records) are then used to estimate run-off
voiumes from the pervious areas of the drainage shed in question. The
total amount of run-off is given by the sum of run-off volumes from the
impervious and pervious areas.

A somewhat simplified calculation can be made if the composite

run-off coefficient (C) of the watershed is already known. In this case,
the run-off coefficient is multiplied by the area of the watersted (in '

acres) and the amount of precipitation (in inches) to determine the volume

of flow {in acre-inches):

Volume of Fiow = (C) x (Area of Watershed) x (Amount of Precipitation)

182.2 Prediction of the Quality of Storm Water Run-off

Regression equations for predicting the quality of storm water run-off
woere escablished by correlating the measurements of surface characteristics
of urban watersheds with associated measures of storm water pollutants
Jor various test areas in Tulsa, Oklahoma. The four pollutant items
oeing siudied are total coliform, COD, total solids, and soluble ortho-
phosphuces. The variables utilized and their symbols and units are listed

-u Table 18,2.2-1. The regression equations developed for predicting the

éverage concentrations of the four different pollutants are stated as

"

- I‘f‘
Joilows.



TABLE 18.,2,2-1

SYMBOLS AND UNITS FOR PARAMMETERS UTILIZED
| IN REGRESSTON MODELS

Symbol Item L Units

Dependent Variables

M, Totgl coliform® thousands/100ml
M, COD ) mg/1

MS Soluble orth;phosphate mg/1

M, Total solids mg/1

Y. Total coliform thousands/100 ml
Y; COD mg/1

Y Total solids mg/1

DL Area of watershed acres
D2 Length of main stream ft
D3 Length to center of area ft
D4 Fall of drainage area ft
D9 Form Factor¥ dimensionless
Kl Population number
Xll Environmental Index (EI)** di@gnsionless
X, Arterial streets acres/acre
2-4 Arterial streets miles/acre
A‘S Other strects acres/acre
XL6 ‘ Other strects miles/acre
k:7 Residential density : people/ rus. acre
<18 Residential density pcople/acre
Xg ' » Length of main covered storm miles

sewer
X Covered sewer/total length ratio



¥

TABLE- 18.2.2-1 Continued

E T ) PR & ¢
Fwabol . Item ‘ Units
A ’ . s T i o

X1 Arterial streets ‘ ) : % .

X22 Other streets o *%

RZA Commerc1a1 land Sl s L %

X25 Industrial 1and . %

Xog Unuied space o % -

>

>

Geomctric mean by events.

"

ﬂ.tttﬁeclc mean’ by events.u

Jor: Tactor (D) - An ind1cator (f the drainage characteristics of a
watk;oned aeflned by the follow1ng equatlon"

o

Form factor ﬁﬁiéﬁg_é

L ET . - me . { ()I:c) “ ' . .
. where, A = Area of watershed in acres - B

L_ = Length. to center of area, in feet (see deflnltlon of
this-‘term below) ' °, } " x
The form’ factor 1tse1f Ls=d1men51on1ess.; v

< . “
s . e

Lo

Enviroamental, Tndex (X' ] EI) -~ An’indicator-of. the;general envxlc aental
condicion of, an urban watcrshed. The Environmental Index of a wcicrshed . s
caiculated by the f0110w1n procedure’» S A

It is, first of all, assumed that thL env1ronmenta1 quallty

. of an, urban watershed is a 'function of ‘three- factors® the
hou31ng condltlon, the vacant lot condition, and the totzl
number, of. envxronmental’dct1c1encres -(refuse,old autos, pri i2s,

e,

and- so. on) ST S R P

. o1 . .
Ea - e ’ {: h U

s 4t ot

It is fctthe%mofg,aésdﬁcdmfhat,;inzdefining@anaequgtign»,
to represent the environmental condition. of.a watershed,
the number of deficiencies should be weighted more
heavily than the housing couditions; and the-housing
conditions should b¢ weir shited more heavily than the
vacant lot conditions. Stated in equation form:

2A 1+ 1 + 3C
6

EI =



where,

TABLE 18,2,2-1 Continued

o Total Housing Structures

A ST 2F + 3P (A = Housing Index)
Note: G = number of good houses
F = number ol fair houses
P = number of poor houses
B = Total Vacant Lots
G+ 2F + 3p
Note: G = number of good vacant lots
F = number of fair vacant lots
P = number of poor vacant lots
Cc = Total Structurcs - Total Deficiencies

Total Structures

Note: Total deficiencies can be defined as the sum
of refuse, burners, rubble, lumber, old autos,
poor sheds, livestock, poultry, and privies.

The necessary items, including the different types of environ-
mental deficiencies and the number of houses and vacant .
lots in each classification, are defined as set forth in the
manual "Community Block Survey and Socioceconomic Stratifica-
tion" published by the Public Health Service.

Factors A and B in the above equation may vary from a
minimum of 0.33 to a maximum of 1.00; factor C may vary from
a negative number to 1.00. The Environmental Index itself,
when the necessary substitutions are made, may vary from

" a negative number of a maximum of 1.00. En EI of 1.00

denotes an area with all good houses, all good vacant lots,
and no parcel deficiencies.

It should be noted that the EI calculated in this manner
docs not take into consideration a number of other factors
which, if used, would result in a more refined indicator
of the general environmental conditions of an area.

Such items include: air pollution sources, population
density, point sources of water pollution, parks, noise
level, and traffic volume,




Coliforms

v

The Independent variables used to develop regression equations for e
Fl o - A AT
. :ncentration .0f itotdl coliforms-are those shown in the following functlou.:

‘Concentration of to&alﬁéoiifo}@s =3f}KX1§X

- .
Lo " . P - R . T .
L L . (R Bl L z PR J '

The best regression equations for total.coliforms together with their
cveificients of correlation (R) and F wvalues (997 significance level)

uve as follows:

[

Jor combined land use area:

35,76 0

N =430 - 363 "(xlb‘ R= -0.856""" F
for résideitial area: ‘

M, = 521 - 427°(R)) R = -0.883  F = 17.75

fur commercial .and industrial area:

M) =372 - 329 (X)) R=-0.930 F
- T R AL AL S

= 25,66

- . ,,;ﬂ& ‘Concentration_of iCOD

’ . © e s, T T LR

ant T

Concentration :0f COD.= £. (XyX140%;7°X) 99X 901 %019% 927 % 242% 25 %59,

S . ‘\sz{lb'.bg)l Lo A S S e
Tae best’ regression equations for:COD together with their cocificici.s
of corretation (R) and:F values are’as follows: -

ey i [ b - ! e
LSS T U W PR T REIET 4T

. +: combined land use area:

b
]

”5
R

1

71 - 45.4 <X1) + 2,61 gxzi?g+40f996%?r§Dz?

0.839

F = 6.32
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was located further than 15 minutes travel time from an

airport of less than a BU II rating, or 30 minutes travel time
from an airport of at least a GU rating, a BU I airport was
justified. ThéVproper time period for airport development

was determined by the population projections and degree of
isolation.

~he results of this analysis are shown in Figure 10, Appendix E,
which depicts the recommended 1980 Oklahoma Alrport System, and
rigure 11 Appendix E, which shows the area coverage that this air-
port system will provide. The output of the model indicates that by
1980, one BT 100-60, three BU II, and twenty BU I class airporiw
will have to be established in the state. Also during this time,
twelve BU I and one BT 100-60 class airports will require new paved
runways on existing airport sites. These requirements are in addi-

tion to those of the two large metropolitan areas, Oklahoma City and

Tulsa, which have their own planning agencies and projections. The

alrports requiring development or expansion are shown in the schedule
of airport development thgt follows, along with the detailed require-
nents for each siée. Airports that are adequate now and will not
require_improvement between 1970 and 1980 are not shown in the
Listing.

Reconmended Priority Point System

Juring fiscal periods when funds are limited and the number of
airports requiring development exceeds the funds available for

airport development, some type of priority point system should



for resideatial area: ‘
M= - 7 , 1
tig 69 746.71 (xl) + 3.68 (XZI) + 0.0105 (Dz)
R =u0,97}
T = 16.55.

; & comme.cial and industrial .area:

g =152 - 52,2 () + 1,72 (X,1) +.2L.7 (Dg) .
N = 0.7862 e . o ! .:* e, P
F = 2.89

Concentration of Total éolids

X

Conc.niration of total solids = f (XI’X 21°%0e

13°%14°%17°%19,%20°
TR TR LR
The best regression equations for ‘total solids and ‘their coefficients

of zerrel.tion (B and F valucs are as folleows:

for comi.ine! land use area:

W,o= 2,12 + 50.2 (X

) R=0.733  F =15.13

29)
for res.. u.ial area:
My = -139 - 15.4 (XZO) + 16.0 (X22)~+ 2,57 (Da)
R = 0.765
ro= 1,41'

& comme.2fal and industrial area:

= 162 + 67‘(X29) R = 0.839 F=9.51



Concentration of Soluble Orthophosphates

Concentration of Soluble Orthophosphates = f (Xl,X13;K14,X15,X17,X20,
Ky1X927% 547X 57% 29704 Dg)-
The best equat{gns for solublé ofthéphbspha;es“and their coefficients

of correlation (R) and F values are as follows:

for combined land use area:

297

. G, gl - .
for residential area: - A -

Mg = 0.62 +0.08' (X * R=0.788° F = 21.66

“ PR N ‘.
R T P t

Mg = 0.66 = 0.0011 (X,;) + 0.0645 (X,g)
R = 0.817
F =4.01

for commercial and industrial area:

= 1 S 9
M8 1.35 f 0.0252 (Xzs) + 0,0622 (ng)
R = 0,882 T o
F = 5,26

18,3 validation

By the ver&rnaturéxof>fhénﬁefhdéologyrusedriﬁrdéveiopiﬁg the mddel,

the accuracy of the predicted pollutant concentrations is limited by a

7

number of factors related to the characteristics of the individual urban -

areas themselves. The models, for example, are based on the estimatcion of .

i

/, . . JRR
dispersed, rather than localized, pollution sources. The existecnce of

localized sources of pollutants within the watershed being studicd would,

-

of course, result in higher concentrations than would be prcdictcd’by the

models,



The models, derived from the University of Oklahoma study, are basca

on the assumption that land use classifications are among the most import..t

factors iafluencing pollutant concentrations. When the effects of a .

:umber of qdditional watershed characteristics were assessed in the AVCZ

‘,vv
5

study, it was found that drainage characterlstlcs were often far more

;,“’.

importaa. than land use clas 51f1cat10ns alone.’ Finally, the research

o
ty y

into the effectStof cllmatologlcal characterlstics undertaken during .
recent AVCO study has demonstrated that Lhe effects of cllmate may, in
turn, be more significant thatfelther 1and,use orfdrainage. In any eve .,
storm water pollution is related to a vast number of factors, 1nc1ud1ng
c;nmate, laad use, env1ronment, and drainage character1st1cs, as well a.
many other factors wh1ch have not yet been cons1dered in full, It can
b: expected that future studles to 1dent1fy the 1nf1uenceéof regional
clifecences in_precipitation; temperature, geoiogy!'and other important
factors on the amounts of stomm water_bollution will modify the modeis

P

to make their application more -valid in regions distant from the Tulsa
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