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o ' o ' 
LA PROBLE/y\ATICA DEL.DES;l\RRQ[,..bO Y.SU RELACION CON SI$TEf\/\AS I. 

URBA~OS. 

La pat'ab~a ·;;des~rrollo". ha sido usada con mucha popularidad en 
' ' . 

"' ¡ . "'! ·;. '" rl' ' •', • • J ' ' ' ,~ '\. ,(''"< ., • '~ ' < • ' 

la decada: de los sesentas.y en los años setentas definiendo a un mundo div'i 
J -

; ~ ' ,~_. -...Jt "1 ~·' ¡. ¡. ' : ' '; • ' :: ) • ' - • • ~ ' • ~ ~ ' ' 

dido entre ricos y pobres. Lo importante hoy día es definir claramente 

-desde ;;;l 'pu'~t~ d~ \/i~ta ·de los paises del Tercer -·~undo~ l~que ''desarrollo'' 

'{¡fe 

significa. ) 

De acuerdo con los' mo~:~ios que pretenden promover el desarrollo, 

podríamos definir el desárrollo mismo a través de los objeti~os que estos 
,, ' 

modelos quieren alcarn:a~.. Estos objetivos son -entre otros- productividad 

Q 'indusfrial, alto ingreso per capita, avance tecnol6gico, educaci6n'y·;·~tros. 

o 

Sin ?mpargo nos prE?guntamos: ¿Es este tipo de desarrollo~suficiente y apro 
...,, ' ) ' ' ,·~ ':_r ' r,., ' • A•'- , ¡!. -

piaqo,para aquellos paise:sq~e ~stán hoy d'Ía,planeando s_u por:-ven~r?.,. El 

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

tipo de desarrollo -tales como los Estados Unidos- este procesq~ 

" • • ·'·'No 'es ge~ino. Es anti-desarrollista,. una 

··: simpÚfidaci6n d-el verdade~ ·p~oce'sq • · •• Conside 

·~r:amok q~e· paise·s -pr6~peros ~con16~ica~ente · son 

avanzados. Sin embargo desarrollo significa mas 

que carreteras congestionadas con automoviles, tele 
,, ~ ¡ \ • j --

visiones en cada casa. Lo que economtstas llaman . 
. __ _,,, -~--- .. - <..,...._ .. 1 ,~~.-~-• 1 tVJ ._,.;..._,¡ ,v • h ¡,_. ..... ~ f, ¡JJ,.,.. 

frecuentemente riqueza Nacional es muchas veces 
f,· ·:.::·\:·'"~~·~ ~.,t~ 2C\t.rt.:"'t.t~ .. 1 .. ,J:. 2.c,;r·~ ~_:~,.)}r:s:y¡~:-;;s ;~,)f G';t1~::)j{1<.,;~:) í.)!Jr.)~~-,.c:.c.::~b t1~) ~.:.~r ... t:¡ r.L..: 

solo desperdicio ••• " (1) 

,• 



2. 

Antiguamente, el concepto del desarrollo podía entenderse y 

definirse mejor como uná 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 más facilmente vivibl~ para 'la humanidad. Los signos mas 

obvios de una sociedad desarrollada bajo estos términos son la crecie~ 

te concentraci6n de la gente en urbes y, un papel mas determinante de 

la irdustria en la economía de esa sociedad. 

Desde 1950 en adelante, el proceso de desarrollo fué percibido 

no solo como un proceso de cambios sociales y políticos, sino como 

''El proceso hist6rico que influy6 en todos los demás factores que crean una 

. 'd d 11 
SOCle a • 

El entender el proceso del desarrollo en el contexto anterior 

mente indicado y extrapolado a todas las sociedades del mundo, delimit6 

y clasific6"diferencias sociales y econ6micas básicas que existen entre 

las diferentes culturas. Se pens6 que las areas no-desarrolladas eran 

simplemente más desafortunadas que las que ya lo eran y que la linea a 

seguir era aquella en la que las sociedades en vías de desarrollo debían 

de tratar de ser tan productivas, integradas y democráticas como lo 

eran los paises desarrollados. 

Además de esto, esta idea del desarrollo proveía una impor 

tante confrontaci6n con los sistemas comunistas, ya que la imagen de 

un país en desarrollo conten(a los elementos mas atractivos de progr~ 

o 

o 

o 



o ·mas:c?munistas-y soci?ili~t~, sin requer;ir el colectivismo. 
,_-, 

Esta noción 

-
dél :<:J~saf'róllq. enfatiz;6 la propiedad privada-proveyerdo la.TÚbrica dentro 

1 
. ' -

de 1~ 1 ~!--lal urta ~pe9logta COn')R~ti~iya.co~.~tCOn:)Unismo pudderigirse. 

t~t:C ... : .. : 

Como podrá apreciarse, las razones para rechazar una defin.!_ 
~ - 'i ~~ -

·~,"'-~!- -; ~--;-~ -.• : ~~ {~!',"; - ':' -.~ '' ·~: ,. : r ',. __ ~.'~;.' • t.,_•J' }l' ': ~- "' - t..t ~-

CiÓn del desarrollo en bases comparativas no son difíciles de ~runciar. La 
,.~ .... .}~'· ,-·~~ ;t, ,, ,.:"' ·, _~,_L..,' kCl~\ .. ~- r .. ::. ... : ·-:·1.·) ~ r. 1 ·- :r :" .... l·'" · · .~, r:_., 

i.rreal glorificación de las sociedades "desarrolladas 11 como naciones pod~ 

rosa?.: Y. prosperas_, ._si.¡:1·pcobler:nas. soci.ales. (una tendencia típica de los años . . 

1950§).:5~ .f01)1pler:nenta_·con r:uestra_perceP,pi6n-de que ;esas mismas soci~ 

dad~s ,son .~xtr::a9.rdiná.riameJ1te; r~c_istas, ecohomicamente ·injustas, ecol~ 

gicamente desastrosas, .e inte·rracionalmente· inmorales e impotentes. 
-- ,......, -J. • • -- 4' ._ .... • _.,_ ~ - _, > •• ) :;. ~ 

() v: .... ·'-.a.-;_>.~~~2~-, '){,,., .:~ -¡ ,- •' ,- ,¡-, ~'· , .: :-· .rt~"·-:.;,;,:_-'t\-./ ,:;..t_~~·, 

Después- de.l análisis hasta aqu( elaborado y tratando de evitar 

un es/~udi<? m?ts, esRec(fic.Q, acerCékde. las .. fluctuaciones. de.,ideas. que existen . - "'"" ' 

. ' 
-y p~r~ ~~estr<?.s,-p_rop6si.t,9s-: el_c:ies.arr.ollq, ya no eQ.bases ,comparativas · 

deba~ibles si no 9i[11P ~er:y1~ntE?. -,cpmo. "tJ~l prpce.~m: Histór.ic.o d~ ·:Qambios tecoo· ,._ , 
- -, - -~ -

lógicos, po~i'~icos.y\s()~ial~§·q!J~:.S.E2 h_an odgif'}acjó,ppr una dér:nanda: popular .. 
" - -- ) ' ' 

por una mejor vida" • 

• '1 

o ', 



4. 

CONCENTRACION URBANA. 

o 
Cada especie animal requiere un "nicho" para subsistir, esto es, 

una serie de cordiciones naturales precisas que permitan su reproducción 

y super vivencia. El hombre primitivo podía ajustar su existe'rcia a sólo 

dos elementos, el ambiente natural que lo redeaba y su choza. El hombre 

moderno, en contraste, requiere una gran variedad de medios de subsis-

tenda muy complejos (sus exigencias m(nimas se han aumentado). 

La actitud del hombre moderno hacia su entorno se halla profun 

' 
damente enraizada con tradiciones y concepciones filosóficas y religiosas. 

El ser humano ha pasado de la etapa de la exploración a la explotación del 

planeta. Percibir el agua y el aire como bienes gratuitos es parte de esta 

concepción que considera a la naturaleza como objeto de explotación. o 
' La ciudad contemporanea es el producto eminente del siglo XIX 

C~) 
Europeo. La metrópoli moderna data solo de 100 a~os atrás. En la 

antiguedad tanto el habitante urbano como el rural, se encontraban, en 

estrecha relación con su ambiente inmediato que en un mismo lugar concen 

traba su habitación y lugar de trabajo. El desarrollo de orden económico 

crea una separación del individuo respecto a su hogar, 'aislándolo y situán 

dolo en una relación impersonal con su empleo. 

Debido al efecto de todos estos cambios, los habitantes urbanos 

desarrollaron y dieron contenido a las ruevas formas de acción que cara<:_ 

terizan a la ciudad moderna. Estas formas son mas de caracter particu o 
lar durante el siglo XIX que lo fueron anteriormente en la asamblea tra-
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dicional de la ciudad tipo medieval. 

de l<?-, -_r:apidez col') que este désp~~~?amie_n~o::fl.!yq ll.!ga~-,'"cqnjuntamente con la 
' ' 

palmer-~te lo cual impidi6 que aquellos·que•hábi'an empleado la movilidad 
- - ~-~,:-_::,,',:_:- ' ..... ~: ~·~:; .. '"' -·-\7- ... : ~.-.- -~- ·- 't"'7-f ... --~1, .. 

como un medio para ·mejorar su vida econ6mica y social llevaran a cabo 
1 J.-,-

sus objetivos. 
-~-~ • "' t

"- <..("' ._,. " ~ .; 

-· ~-. 

-:>,.,.-'La. crisis en,asentamier..tos-numanos .existen hoy .día debido a _la 
-' ~-- .!, 'f • ' •• o •:;.'- -~ ... ; - ~ ........... - - l " ..... ~ ............. '- ' !_ ...... ' --- - ~ "; ..... \- ~- -~ '~ 

l • • ~ ' 1 

un lugar determinado. Esta crisis es tanto de cantidad como de calidad. 
<"¡ i"- ·-.l-- .... , (--,r_,~-"'r:·,--""""!:-:~~~1+,:-;-.;~~,:-:.· -'~ ::s__~.:~~~··r' ~ .. - ::..---,·~;--·~· ...-.~. 1 .._...'· ~: ·-..:-

SegÚn calcules de las NaCiones Unidas (3), la poblaci6n del mundo aumen 
', - -

•• "..; ~-' • ' 1 ,·, : _:.. :-.1 1 ',._ ¡ 

tará aproximadamente al doble -un poco mas de seis y medio miles de 

millones- en las-pr6ximas tres décadas (3). 
~ ~ - . . 

Para el año 2000, por pri 
--! ~f ~ ·,_ • 1 ' -....! ' · •• ~ ' .... • - ' .. ' ' '.- .... ,_ ... 

mera vez en ·la historia, habrá mas gente e~ areas urbanas que en rurales. 

Habrá ce~ca de tres mi.l y ~~dto mi~-i~~~:~~ pe·r;~n'as e~·~:~~-~~-:~·~· 20,000 
' ~ L L 

- J ,.-:¡.., ' , r• 
.~;; 'r ' l.', '-' ._-- ' t 

habitantes 6 mas. 

L:.as políticas del Desarrollo, particularmente en el Tercer · 

Mundo, deben enfrentar algunos hechos inevitables. Los asentamientos 

humanos requteren una mayor atenci6n d3bido a que los cent~os urbanos 

aumentan al· doble, y 1ás grandes m~tr6polis aumentan al c:i"oble también. 
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Estos aumentos son mas marcados en la presente era de constantes 

inovaciones tecnol6gicas, las cuales cambian la forma, dimensión, o 
impacto y duración de actividades económicas en modos dificilmente 

predecibles. 

En la mayoría de los paises en vias de desarrollo, y ta~ 

bien en la localización histórica de los asentamientos de ciudades 

plareadas en una forma centralista las poblaciones se encuentran 

dorde están como un sub-producto de políticas y decisiones basadas 

unicamente en intereses de tipo econ6mico pero no social. La cuenca 

de un río, una bahía abierta, la explotación de una riqueza mineral, 

etc., determinan la localización original de un asentamiento humano. 

Después, las demardas económicas concentradas en esa misma área, 

aunados con los aumentos en infraestructura y necesidad de movilidad o 
del producto económico -de adentro hacia afuera y viceverza- crean 

una dinámica la cual, por ejemplo, transformó New York de un puerto 

de 20,000 habitantes a un área urbana de 20 millones en solamente un 

siglo y medio. Pero decisiones econ6micas, impulsadas por otras 
\ 

decisiones económicas no producen por si mismas un orden de tipo 

humano y social. Ellas pueden dejar minorías en regiones desarro 

Hadas y mayor{as en áreas sub-desarrolladas con niveles de vida muy 

bajos. Este proceso crea una amenaza para la calidad del ambiente 

urbano desde los puntos de vista econ6micos, social y político. La 

evidencia de que lo antes expuesto es válido es claro, la realidad nos 

o 
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lo muestra, si estrategias ma~ormente econ6micas hubieran sido 

suficientes para crear centros urbanos convenientes, equilibrados 

y justos, los tendríamos ahora. La crisis que enfrentamos es que 

no los tenemos. Lo que nos queda como tarea 'entonces, es el buscar 

alternativas y políticas que mejoren nuestros centros urbanos. 

ORIGEN DE LAS CRISIS EN LOS CENTROS URBANOS. 

Las grandes concentraciones humanas -los centros urbanos

crean logtcamente un efecto en la calidad del Medio Ambiente. Esto 

se puede observar a través de la acumulación de materias sólidas, 

líquidas 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 pone en peligro la vida de algunos seres, incluso 

la del hombre mismo. Las fuentes de contaminación aparentemente 

mas notorias son aquellas representadas por los desperdicios sóiidos 

o basura, la producción de energía eléctrica ó atómica, la explotación 

minera, la actividad agrícola e industrial y la de los transportes de 

motores de combustión interna. 

En México, por ejemplo, los desperdicios sólidos de or(gen 

doméstico e industrial en el Valle de México alcanzan un total de 

8000 toneladas diarias. La contaminación del aire en el mismo Valle 

de México está, 9enerado por la existencia de aproximadamente 50,000 



unidades industriales, cerca de 4,000 calderas (de panaderías, 

hoteles, hospitales, etc.) y mas de 650,000 autom6viles circ~ 

lardo en la Ciudad de México (arrojando 4,884 Kgs .. de hidrocar 

bonos orgánicos y 24077 Kg. de partículas 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 toneladas de gas combustoleo, 5,599 de gasolina 

a. 

y 1, 688 de gas licuado. (4). Respecto a la actividad industrial en 

México: ingenios azucareros, destilerías, rastros y empacadoras, 

industrias químicas farmacéuticas y otras: el 20.5% de estos esta 

blecimientos estan concentrados en la Ciudad de México y el 5% en 

el Est&do de México, creando contaminantes de tipo orgánico e 

inorgánico, y tambien ruidos inarticulados y desagradables que 

especialmente en zonas urbanas adquieren caracter dramático. 

Las consecuencias que los impactos ambientales creados 

por la contaminaci.6n ocasionan pueden enumerarse como sigue: 

1. Reduccí6n en la visibilidad (Una reducci6n en la 

visibilidad en el Valle de México que vá de los 

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

2. Odor en el aire. 

o 

o 

o 
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3. Contaminación del agua. 

4. Alteración del Clima. 

5. Erosión del suelo. 

6. Efectos en la Salud pública urbana. 

7. Efectos psicológicos (ansiedad, depresión). 

Como un breve paréntesis cabe indicar aquí que aunque 

ruestra atención está enfocada en el área urbana, el problema rural 

es mucho más difícil ya que se carece de todo tipo de recursos emp~ 

zando por la falta de la propiedad de la tierra y el bajo ingreso econ~ 

mico. Si se considera que en México 55 por ciento de la población 

rural- aproximadamente 12 millones de personas- percibe un ingreso 

per capita de $2 pesos diarios. La mitad de estos 12 millones obtie 

nen un ingreso por debajo de un peso cincuenta centavos diarios. En 

el año de 1969 el 60% de la fuerza de trabajo agrícola 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 problemática del desarrollo y 

los centros· urbanos -además de los impactos y efectos contamina12_ 

tes antes descritos- son: 

1) El crecimiento de la población debido a los problemas 

del desarrollo. 

2) El crecir'(liento mismo de las ciudades. 



1 o. 

3) Las diferencia.s .z.;-¡ las necesidades vitales o 
del ser humanoo 

4) La existencia de las zonas marginadas ó ciudades 

perdidas o 

5) Los valores de la Sociccad ¡\tioder·nao 

1 o CRECIMIENTO DE LA POBLACIONo 

Las poblaciones en los centros urbanos se han aumentado 

considerablemente debido a que estos son como magnetos humanos, 

debido a que las actividades econ6micas se realizan príncipalmente 

o 
En el presente siglo, la Población Urbana de la República 

Méxicana que vive en localidades de l5,000 ó mas habitantes, creció 

( t_~\ 

con mayor rapidéz que la población total del país.''" Alta urbanización 

se contempla principalmente en 3 ciudades: México, G..ladalajara y 

Monterrey o 

La tasa de crecimiento de la población se ha ido incremen 

tanda en México aún mas durante los últimos años de 2o 7"/a arual de 

1 

1940-1950 paso a 3o 1 "/a y 3o4"/a para los períodos 1950-1960 y 1960-

1970 respectivamenteo La tasa de crecimiento de este Último 

período' fué,. después de la de Libia y Costa Rica, la mas elevada del o 
mundo. 



o 

o 

o 

11 • 

En 1970 eí 45% de la poblaci.6n mexicana vi.vía en zonas 

urbanas, mientras el 28% radicaba en comunidades de menos de 

un mi.l haqi.tantes. Si. ,extra~o~lamos estas tendet:"Cias haci.a el 

futut::'q c_onclui.r'Íamos que para 1.980, México será un país predo 
~' w 1 ' .__ ~ • >' 1 , ' .~' - • • 1 ·- 'l .... _ ~ ' -:, u ~~ -

mi.nantemente urbano • 

.-El mis.mo fer16meno se presenta.'en otros paises· Latino

Ame~i.-ca~~> Por ejemplo, ¿~ Br~n;·a partir de 1940 la pobla 
> -

ci6ri'sufré una--importante transformaci.6n:· etpaso delo·rur:-altl 
' ' 

a lo Jrb·a·~. 'En 1940 la poblaci.6n brasileña er.a .. de.41·~~36-m!_ 

·nones de habitantes, de estos el 31.2% (12,800'millone~}. e~a" 

po~lél;ci.6n rural. ··.Para 1970 habían 94,506 millones de brasileños, 55.8% 
' ·t:' :, ~-.: ._:: 

habitantes urbanos e 6 52,908 millones) y 44.2% habitantes rurales 
_ •• t ¡ 

(41 0 ~~4 millones)~ Si estos datos se extrapolan cetis paribus , para 
- : ~. ·-. 1 : 1" ~ .. 1 í ' 

1980 Brasil habrá cambiado diametralmente su 'estructura pobtaci.onal. 
' " - ' • ' \ ' 1 : ; ~ : " ~ - - ; 

Una t~rcera parte de los habitantes urbanos (1940) se convertirá en 

1~k2:;3 p~rtes · é1980)' y, ·correspo-ndientemente,: _mas de-.c.!Q§ terceras 

partes de loi:f pobladores· en 1940 '(rurales)· consti.tuir.áriJ::~.h_ora el ~t~() 

'., 

2. EL CRECIMIENTO DE LAS CIUDADES. 

'' 

Ai:>'roxi.madamente un 40% de los habitantes"'de Ja.ti~~ra 

vi.ven en nucleos de poblaci.6n 6 urbes. 
~ 

Este proceso es de caracter 
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dinámico a través de la historiaa Japón muestra un típico :=j.:;:.,¡-q.Jio o 
de esta dinámica de cambio cuantitativo. En 1900 la población de 

Jaón fué de 40 millones, 10% (4 millones) era población Urbanao 

Con el proceso de desarrollo industrial, para 1945 alcanzó los 

80 millones de habitantes, 40% población Urbana • En 1970 la tasa 

de crecimiento habÍa decrecido, pero aún así habían 100 millones de 

Japoneses, 65% de éllos habitantes urbanoso Si extrapolamos estas 

tendencias del crecimiento de la población, para el año 2000, habrá 

6 
120 x 1 O japoneses o 90% de ellos población urbanao Esto significa . -
ría probablemente que estos habitantes urbanos estarían viviendo 

una "Gran Megalopolis" alrededor de l<l. Bahía de Tokio. (;) 

La crisis de la cantidad de personas puede ser expresada o 
en términos de construcciÓno En general, mas edificios se neces~ 

tarán en las 3 próximas décadas que todos los que se han construido 

hasta la fecha en la historia de la humanidado 

La crisis puede expresarse también en términos de costos~ 

Tomando en·:::uenta de ruevo el ejemplo de Japón podemos pensar que 

además de los costos incurridos durante los últimos 25 años, debido 

a las necesidades normales de crecimiento de la población y los daños 

de la guerra en concentraciones urbanas, para los próximos 25 años 

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

o 
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Pero la cri.sis pued~ tambien expresarse en términos 

de calidad. Aquí existen 2 paradojas: asentamientos humanos 
' ¡,' ' L ' 

crecen co~tinuamente, y _tradicionalmente, las ciudades han re 

pres~ntado el éxito del proceso del desarrollo._ Mas urbanismo 

debería- teoricamente- llevar haci.a el mejoramiento s0ci.al. 
' - - ' ~ 

Las mismas palabras ''Urbanismo" y "Civili.zaci6n" se derivan 
! ~ ,_- -' 1 

d~ la creeneia de que el orden hecho por el hombre, belleza 

urbanos • 

. Sin en}bargo,, la calidad de los asentamie_ntos __ urbanos 

contemporaneos parece_ estar muy lejos de aquelJos ideal_es _urbanos. 
' . - - ' 

.El desarro11o.tecl'i\016gic~ comenz6 a localizar el trabajo del hombre 
'• '~ ' '. ~ ~ ' - ~ ~ . 

fuerO: del '<?aml?o -~a cor:ceotrarlo .en ~ábricas y como resul:ta9o., lo~ 

labor:-adores __ yinieroo del cat:npo a ~as_ ci.uda9es para .busca~ traJ;>aj~ 

y vivienda._ 1-:?~S p~ime~as ciudades industriales fueron tan conge~ 

ti.ona_dc~.s, contaminadas, violentaS Y. ruidosas que_ el_rY!Ovimien~o 

_ haci.a. afuera de la gente mas rica a los suburbios empez6 a definir - ' ~ ~ - ' 

la forma _de las "regiones urbanas", por ejemplo, para la mitad d~l 

siglo XIX, la Ciudad de New. York pas6 su densidad máxima (en 1860). 

Pero aún así, mientras una cantidad de gente se emigraron 

de las ciudades·,otras inmigraron a estas. Esto se puede observar 
i, 

en el proceso hist6rico de los paises desarrollados, sin embargo las 
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ciudaces con-c1ruanan cor.:::entrando la poolaclón. ?aise.s corno 

Inglater'ra y Holar.Ca han llegado a se""' 90% ur'barras. Aún así, o 
rnuchos de sus problemas Ur'banos furdarnen';:ales no han llegado 

a se:r resueltos aún mientras comunidades uroai'"lO.S se convierten 

en estacionarias. 

:=:sta es ia grar. paradoja, aún de los viejos suer.os dei 

urbar~smo, el crecimiento urbar.v en 1 as primeras fasss de des a 

rroHo tecnol6gi.co no se desenvolvió en una fort'r,a aceptable, atrae 

tiva y conveniente para la sociedad. Una muestra de que esto es 

cierto es que noy día, los turistas buscan generalmsnte ya sea ciu 

dades viejas, magníficos sectores pre-<r.dustris.!es, ó las bG~lezas 

natura-tes- no--'..Jrbanas- de los mares y las rnontaF1as. Los visitan o 
tes detestan ya los g rardes centros urbar.os como Chicago, Yo:--íohama, 

París y otras para sus momentos de recreo. Podríamos concluir 

que así como el hombre se convi.erts cada vez mas urbano, el irrventa 

Las ruevas ciudades hacen 

que la satisfacci6n sea cada día mas difícil. Problerrtas como la 

deposi.ci6n de desechos sólidos se lncremer.tan en SL: comp1ejidado .-:=.:-:~ 

los Estados Unidos por ejemplo las. ger.tes ti.raban al pr'l rcipio de los 

años 70s 48 billones de latas, 26 b¡llor.es de botsllas, 65 oillores dE: 

tapas de botes y 7 mtllores de automoviles en desuso. r ·~ ', "..,.•¡ 

La segunda paradoja es que a~.Jn ael reconocimiento g;snera1 

o 
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() 
de la problemática urbana, una gran cantidad de personas ven estos 

sistemas urbanos como el objetivo de sus ambiciones. Esto sucede 

aún mas en los paises en desarrollo donde el fen6meno mencionado 

de mover gentes del campo a las ciudades se acentúa. 

Veamos ahora como se ha comportado este crecimiento de 

las ciudades en ruestro medio mexicanoo 

El crecimiento poblacional y desarrollo urbano en México 

puede observarse claramente en las 8 ciudades mas grandes del país: 

México, G-Jadalajara, Monterrey, Puebla, Ciudad ,Juárez, Chihuahua 

y Le6no De estas, el área metropolitana se des·arr·oll6 con mayor rapidez 

o que las otras ciudades del país hasta 1960, año en que la tasa de cree~ 

miento del área urbana de la ciudad de México se mantuvo más o menos 

constante. Es importante notar sin en¡_bargo que desde 1950 a ruestros 

días las ciudades de Guadalajara y Monterrey han registrado tasas de 

crecimiento sensiblemente mayores que la del área urbana de la ciudad 

de México. 

El crecimiento de estas ciudades mexicanas ha sido muchas 

veces desproporcionado a su densidad. En 1970 GUadalajara contaba 

2 
con un mil16n 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 poblaci6n total del Estado de Jali.sco. Otra muestra 

u 
clara de la gran concentraci6n de la poblaci6n en zonas urbanas. 
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El proceso de urbanización en México ac~ualmente puede 

oo~ervarse principalment.:; en ciudades pequeñas y medianaso Sin 

embargo, la mayoría de las poblaciones en Méxicc tienen muy escaza 

poblaci6no Aquí los niveles de vida son generalmente muy bajos y 

los servicios públicos elementales son muy-escazos 6 inexistentes. 

VALORES DE LA SOCIEDAD MODERNA. 

Otro factor· importante que parece haber· contribuído a 

las crisis urbanas es que dentro de muchas sociedades, el hombre 

desea vivir en las grandes concentraciones humanaso Parece que 

no importan muchos de los inconvenientes que representan las ci1~ 

dades, con los congestionarnientos de los centros de las ciudades , 

las dificultades para escapar a la naturaleza, etco, porque par·a 

muchas personas, el objetivo de su vida es el de establecerse en 

la gran ciudado En paises del Tercer Mundo, donde las ciudades 

no son aptas par•a pr·oporcionar muchos mas servicios rápidamente, 

el fenómeno migratorio de pequeñas ciudades a mas grandes, o del 

campo a la ciudad se vé mas dramático que en circunstancias como 

las de los paises economicamente avanzadoso 

o 

o 

o 
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o 
:W.CJ~.SIDflJJgs VITti.LJ~D D~ ;:.rm Ift.Tiifll'T0 0 

Par definición, :\lil asentamiento hlllil.O.ha debe de existir 

Dr:ll.;.ardiolr:lcnto p.:iXa sa:tis:Lo.ccr necesidades ln.uruh.J.So 
- • -. ' ' ' l ~ ' ' ~ , - j, ~ 

j~¡1 túl~!ninos 

Ecolócicoz U...'l o.sel1tamienl.io es un nicho y sa eficiencia c"!ebe estar. 

medido. par el ~·o.do modin.n·~o el cual satis.Lacc ·lo.s necesidades de 
¡ ¡,.lo - - ~ • ..., 

. todoo. lo::; c:Gl'os que lo ha'bito.n. Sin. eru.ba;;:oco, cstu c1efi~1ición no 
- ._. .. ~ ".._ 

es l:lVJ' definitiva. Los seres h~nos so.n~os ww. es~Jccie qua yo. no 

está aco::;ttl.lllbro.da. a viv:ii 'sir::uiendo s:iJnplemcnte los inpuis'os de sus 

instintos. Los hUI.1:!.nos podemos definir y plal~car nu:; st~as pro:;ias 

l18CCSidadcs,. Iiosotros podemos necesit.;;;r ·tantas coso.s como :llnagin.Q. 

l!l0;3' las cuoJ.es no tienen l:ir:lite .. 

o Eey ciertas nccos:i,dadcis, sin emb~1.l'5?, c;uc .so1~.sor:runes a 
' ~ './ - . ' ~- ... " ' '' 

todc.s -la::; comunidades. J:.:stas. son 'lc..s necesido.dos biologicas to.les 
' ~ ~' - .., 

como: o.limcnta.ción (protoln~ts), o.¡;,"'L:.a., ho.bitación,'·. salud y c;rbroso 

Horr:1c.Jmonte lo. fo:;."'il.o. do poder o.dqui:d.r ,e_::;t.a.s ncce::>ldades :,es a ·~r::tvés 

de 1u percepción de un salE~lo adecuado~ 

Un problema 1:nzy CQll~)lejo de def'ini!:·, en·Goi1Cr:s. ea el pono.r 

se do acuerdo en cualos ~on a..1uollos estru1.dards m:f.n:üws pm·a que los 
' . - -

hU:ilallOS DUcdan desr:rroJJ.o.rsc s~ti::;fo.ctorianente· ei.1 sus a.senta.'lliehtos. 
1 - ) ' 

E::rt.os csto..nd·a-..~ds -~)ar SLtpuN;tc- c3.a0Gn ;:;cr vill~ia::ü..:s·y _:flc~:;iblc::;. Las 

noc;:;slaados de c.Uor:í.o.s ó lw.'uit.ación v.u~:lci.n de· acuerdo co.1 cli.l11D., loe.§: 

l
. . , , ,., . 
:t.ZaC:LOl1 r~CO(;ro.Il.CJ. 1 

. , , d 1 ocupac:t.on, ca~, , y . o·cr os. Ho.stu ahora:, estos 

• ., • ., ·~ ... , ,. ::'1 .,-, b'·· 
l.D.U:LCG.UOl~O S SOCl.C-J.GS ;/ OC.Oll01'1J.COS C8 l1CCIJ SJ.üacto S úllf:lO.ll<:S aS::!.CcJ.G 110 

o lw.n siUo o.ún c!Gtcr¡linadas. Sin emlxago, os clE.ro r~uc debe existir 



.O 
en la3 ca:ilunida.O.cc; v.a.s pobre::; c1el lUU..i.1c1o., 

. . 
;L.L.~.:~.lOS 

.J¡1 quo r;;l ttGo eJe J..D.s riquezas dol Lu.l.ac1o ::;e llcvo.n a co.iJo. 

cozx1 do carca de 7'],~ c1o luc riquazs.s ci.ol ~;J..a.¡1ota pá.Ya ~)cncl'ic.iar: o. 

SoL.1.::1ento los ~: . .stados HnLc;:; 

o 

o 



o 
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II,:¡¡r r.mcho.::; mc.s l:!.eca:::ido.des gua pcXlr:Í.J.!'l cn6To~m~ ¡1ue s·~:ca. 
.. - ~~ .... ! ~ ¡ -: - ..... ' 

lür~a, 1o ihlÍJG.""G:.'.lr~c e:J nol:,~· <JHO ac.1o:·1Ct¡:: c1G ;:;cr es~o.s YZZ'iadas, pOY.l 
- ----.-~.~,~-~ r;JJ~ --;;~- -~.~-~ .. ----- ---:.--;;---,-~ ---"~--~. ~. ------..,--,..,.--------------~~--

-~;1 acn~y~._::.· que c:d.stea na e,~ s~.uó.cios iJ.:lsicas del sn:.~ ht.t.lJ.tlCJ 
'~-· \ 

ea cu..:uYGo o.: su. hui)i"b.cióñ y I'Cínóioñl.ú-:lie"iitb Diólóeico, Social y .C:co~l§. 
< '~ 1 .-:- ~ "" - <' ~ ... ~ ' ' - - ,,_ ·~·· • j • '~ - ' ' 

1d.co no::; conduce a c:ci:;r~c.l:!.z::u· todas la::; ideas a.ntnrio:.·c s ca el roc.2 

l1oc:L:li=~n·(jo dci 1:::. a:d::;·(jr:mcio; él o socieci~des ····-o 1Jtu··Gcd de una ~ocicc:ic.C\-
-" ' ' ... ~ ' - '. 

qu•~ vivan en con.:1icion.;s rm;y pm· .debajo"'de''lo::; m:L1~n.o"s ·estc,riao..i~ds c.s·c.:2: 

.:_ 0:1:-écidos'· d011~¿l'O c1a SuS 1 p~~Ó!Jl~s.'·c¡_1J:~1irc.'s~ ~ ';. J1;sk:.~ socir:Jdad~s· ::;e con,y:_g 

. . •' -· 

'· 

' ' ~ ' ~ 

1 ...,,... ""O'vL'"'' .,,.,•.•r•·i,..,,r,,,s····c·;u'<.'t..,,~,.,.,. -~,!,'~-r.;rl~·s """w ... ~ .L""-' ~ J:»..W. ~....,.J.U,I....~«..~~ ' - ~~ ... ~ !""'~~.:.. u..~-.... c:t. ' 
' ' 

' ' : ., 

:::o.:.l u:)lelloa- u::;,_:ni~::UiliÓlYcós· ht1.:.1uhos que han fo::ó·J.a.C16. pP.:.·sona.s -dc:,n 
.. . ' ., , . ' ~ 

.~li:::::-o de lc.s· ciududc:J ó 011 su lJc:r:!i'er:G:,.. ;;uo' c;é11orolc.lcn~ci-'til:¡1J:ll1 il.11 scü11 

diclas yi-v.;n a niYeln s r.lin:Luos da ::.ubois·~ancia (G.i_)rct:im:.:.dG.n~l..fta· > .. ;L,oo. CO 

(9) 
j,lcs) .. sector de la ~ociedad no posee la ·i:;ie1·ra. 

o bubiG:.:.ción cm J .. ::~. qua viven. }!;.l al ca.:::;o do L:l. ciudC~.d de l-lé::lco, el 

9los: b colo11io. BtlCl10S ~~5:::·as. 
1 

•' <• 
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l) 1-~~ "l(1C :i....nilc.clc ~ 

2) 'L.ls colo ni~ a lj¡"olc Ca.ri:.s 

3) L~a u~lid.J.Clcs llO.;Ji·iia.cionale f.l (10) 

(e ... ""'c·i ~., ·~(' ,l--·-o ., ., · · ..,-···1 o' ~oli) 
t.J_..J..._. -~""• V ~ ,k,¡,\,1 WJ. ~.J • 

poli. La::; í'.:l.cilida.c1es2a.c~ui son c.!a ·iiipo caan.Ll.:J.l. ¡(?o:r oje.in.plo 

o 

. , 
J cr.¡cn; concraJJ::c¡riia í'o:;.··.ra .. :lrlo.s pol1 r.w.11o da o7:JI'"-- scui-c.D..:;.ric~!:.::.. 

- -

o 
1~~ ··1···" C~'"·7l·"' "~' . 1 ) ··--·¡ _,.....,. •. -...a '".4 V 1 



o 

o 

o 

~~::r~o :mod~ oll.::;o:rv-.. ~.r.sc en Tabla I. 

T.,"J3LA I • 

. Ciuda.doa Pardido.s. 

·' 
V e e il1i:1o.c.1 e s 

U .1idaC:G s II.::l.bitaciona.lo s 
.. 
c. 

5S 8S 

33 5S 

GS 

/ 

La 'l'abla I ha.bl.:i por si nis:ua., l.o::; niveles co:n~).:..:ca:t.ivos 

illdicaa CJUG la.:::- ciudades )Gr~idas pri~:J.cro, ;,¡ Lls coloni;:¡,s pl·olctm·io.:;; 

\. 

I::n 1u provil1cia uc:~icJ.l"U al ~)l~·oblm1u da h:::- ciudc..c1o:;; :)c3: 
''l 

<.1idus ca J:ru;y usantuo.do ·cOlllllién. 

d1~ la ciud.:.d está. intn:~.:.·c-.c1a. !)Or lo.s colonias llilna.das :_Jopula.rcs. Le. 

· cara.c·0or:!;:rl¡ica i\:tncla.m.c¡i'l;o.l do aslic.s cold.nio.s es· la fc.lto. do uno ó 

En toda JJ.; ciuuad:~ hcy de 160 o. 200 1ílil 

)Crson.::.s (del 13.33 ~ 16.66:·; Cie la. 1:;obhción de Gua.dalajura) que 
- 1 ~ • 

se cncuc:ntran cm osto. ~i"i:.ua.ción. 
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:::r. 
~l. ', 

. ~ ' ' -~ 

C~.~.l.l~~ÍOS de UCinan.cl~ lJ?~?,-l'. 2_)p-o_ l:o~~~~ :~~:~·}Oj:~l~_ Vid.~, ?r~~l~~~1.~ 

b ::L'CCh.tcciÓll de J..:l pob:i.~O za, UC GCi:lplao y de ::;i.:;ucldooc Z , GCOD.a:ÜCQ-o 

i1tí.i:Ul.l10 
1 

.,,_-Ló'!:~,1j~~1.:YSJ 

SOD!'O J.a. 

.. f t .., •' 
1 t· • ~ ~ -~ ~ ~ - ~ ., r • 1 "" • _. q 

-~::_u~4:-- .~o.p_ó·r ·.cd,ióJ??ücr·loh'-·~rudt.1c';lr"":Jsta~:r· áb:::tráec~~lir: s;c,fi: O:ccio~iós 
" ' . 

. , :"~;n~~?ocJ:s · l)5JiiiJ .. :2.s -~~: ?Bri.j'o" ·que'- guíis vo..r,:oc' 'a· J.)la.neo:L' 

~ •.• ;•L. ...._.,.. r • ~...,._..' ''. 

'. " .. 1 ';~ur~oras .,~ocic.l, c-uJ.·~~}l"zJ.~a~ y¡ CCRllÓ:.::ticps- de,.la socqicclo.d -,~m ~Y-9.2 
__ .. -. ~..t... :~., •• ~- ··~, _:-'"" .... ¿ __ ,~,.:_.:.""·..: :5;:·:.~.~~},- ~/:~,: ... ~ ~ ..... ::.:r~i-.'·J ... '"' ..... :_.:..,'--1~~ . .:-'-'.-.... :-;,. -~~~":t J ...... ~~ .... ~.,._ 

tión. ~.:Jilbiéu cg¡q·~o~ ~¡:gc1olo::; clcben ::;o1• Ecolóc;icoso )"Zntr9 LJ.s 
_:"" • ~ r -:_,,,,,.,..,"';: ~.:_,.~~ v;·.l ',í~··) ... ~; .-~~ ·~-:~:.:<.t '-{.~- • ·:--- :.··.~2.:~; ~ ~~ ~·.~· ~ -«~., -, ,,- " ___ ' 

t:Sc:üc::.ci ó e¡j·~i·,J.tec;i;¡i:._ql.:!-o (1\::hañ r~lll'ci.tib::i.l;:;:;e '¡3''6t5.ri.' .. Th' ~)i·'ai16ci6n-
r· ! ,_,......., ,_. ~'-•w ',. ::.'~",~,.,. ,.:_~"'í..• 

da' in.du.::r~ri<J.S 'i.n·lcnsiva.s de iT'.C..llO do 'obra.~. un.o. :.~~~li;:lciÓl1~ d~' [l<J~b_Q 

; ·~:~~ ~~~~i~i;Í1o.i;~ ~i"cÚ-i.''c~rl~Jii:C-éló!f'c'ol~ ~ ó:~tos·~;m0c.1erhos;' rpcic:b.j e c.1o 

:;~-óiuc' GOS -1.1.su.dos~'y~-' :¡:e ¿J:.~'so- ·¿_; lo~··cl:~J.:~c-; l:W.tm·ti.ic s.:cco:L6zicos. Sin 

... ~ 1 ..--' ¡ 

_--.~~~~c:6, 1i?o, i.n.oi ;Ol~a-1 ·:L:: ·{')i·~t1±:::2../f\l:i1ci&~tafyc·oi·:· 

1 ' - , ~ ~ ; J :~ _) > ' 

c::i)l:!..cc~.:t. .. ~ i.l ~., ~ 1 .... 

•l"""'-'-W 

. -
• 1 ' .,... , '¡ ¡ •• ; ' • ¡ 

· ·Ll acl~ccno .de GOVQ 
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~l: JlQ y loe Cu.cl'JS ·~icncn qua ~ar planeados de,;:tro C:el contc::"co 

de lu.s ~)ol:í:cic.:..::; del éia::;o.rrollo. 

loc.:.:.li~ación física de la coru.unici¡¡c11 .li de la :L.::Qta. ele ::;crvicios, :;:li 

encuentre. Gil le. concUción ::;ociaJ. y cconó:.rl.ca de lo.s p:J:~;:;o~s que 

h::..bit:m hs ciuc1.:ldc s :?t::;:C:ida.c, la f'.:;J.:ta de S'..l acce ::;ioilicl¿ul a los 

lll<:l.S da vivion.cb, educ.::.ción -;;' sal.uc1. Pa.r·&. o.c.::..bm· col1 L.::.s ciud.:lde::; 

o 
do c:flic D.nl)lio contc::·0o, ea cloclr concebir un plan acl desc..r¡-oJJ.o 

que reflejen la rc¡¡lidJ.d1 do;1C::o se rclo.c:;.onon -entre si- los distL1tos, 

Po.:.,a. cm., cohero~YGG con lo. a:;.::.·ección CJUC pienso cr,·cc crw.~::;o 

e::; ::_:o::;ihlo 

o 
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];l Olú'OrjtlO de sü;tcmua (JJ) )OOr:Í.a dcfL1irso cam.o 1M 
' . 

cons·Gitución· de 5 e t;uuc.s: 
\.~· ..... , '---r ... .,~.,. 

l. D ..... 1 ....... ""1 •• l ...... 
. • f:)j,J.li.ll',. OS Qi)J'J.":LYOS ~Z.l.. SJ..::;CC!l~U,., O. CJ.:!.~;lCllC:i.O.• 

t ' ' ... ' - .. ! , ~ ~- •• ' 

dol sis ~o~..a. 
• f 4- -: ~-·"'- ~,-.r ... :. 

-- ".' '·· 

2a Definir eJf c.r.1Picnta. del ,s~stC.:r..a,. ~os J.:í.pitcs 
. .... - ... - . .(' ' . . '- '• '-::{· 

· "'r:tsicos • 

. --_.,_--J."· Ínc1ic·~~ ·cih6J. .. ~s ~01i' ios r.ecurs,~s ·del'·'S~s"cómo.; ... ~. - -- .,.. . 
•\. ·-. ¡ . 

. 4.: t'::í:finir lo::; caraponontc::; del siste~a,.,,sus 
•,J • '... ' _._ 1< ' :. ',_ '·-

a.~-b~vid~d-e_~~ y n:o"~o.s. -; 

5.' ~-1;:,¡;' acc~;is·lira.ció¡~ ciel sfsté'f..a. 
• .... ''· .-, .. , ;· ,. 

• '• 1 • ' l -, 

_.\¡cil~é.:.ióa· .ÓÍ'~¡roblo:.:u'·a cf d;Js::-..r¡·ollo urbano desde el 

··)un:Go do viste. do sis·iJe::1c.a se~ún lo::; 'O'LU1'GOO indiciilos :b.n·Gol·:i.ori,lO:o:GGe 
- - .. - .. , l- ~ • • - ' 

l) n•·J,,;;.·,·v·-c~,:, ::.D··:.:r-· • ..:.rror•r,·¡ :,· 
...... -'--· 1-.) • t.J '.J-\.)1:._,!.¡1. --------- '' r,,,u-~· C.1 0 1)C'l-·o;.. C1 "'·"'·i '1-r-.• 11.;...; '-r'"' • .:n·r.i'e·~·:-,., _,....¡ "'•'-1 .l. -~ 1 !l .,;.¡ .L'-iJ. -~ ..1-1. - - ..... ! ~~ ... J.(,..... J. ... V..... .... ..... 

' ' 

h~iJlÓl:~o~ 'óo ü1)j cr~i~oa -·inlÍl; . ..-cÜ3:cos ·, ó ·o: .l:.t.:ct(o p~zo •. '- ·:!?9:c :éj c:e;.);to, 

colhrolar Llwldáciol1:)_s poo:i:·1a ac:i.1 m1 9bja·l:iivo. im"1ac1ic..to, mic¡r. 
•' 

'Gl'.l:J (j<.'te u lr·~ .. [:ó .phzo nu•' ::;·eros obj ctivos do c.c.1mini;::;tr~;.c::..6il de 

.-, r¡,"'i ~ .;,ocl·r~~ .-111 r'r"::"""· • · 
"""'u-v..~ .!...; - -c.... ...,'U..... • con.~crv:..>J.• el ·acua>i~d.l·a t1.-Gil:i.iurla..:e:l: gm'l!! 

r~ el~cl.;Gi;_, · :i_¡~crol-.18lY~r:X 1::( ~)~oo~cción~ ~r· mojor.2.1.'. ~or~ ·nivelo::; 

c.1a -~icb.' 'u1ill. V•:lZ jot::n.iil'lic.1o el ~)0l'loc1o ele': -~j,Q)Jl;)O· 011' cjue Pl.'l· 

Ú.0~1CJ':oc' :x::.s2.l~'aoó o. lo;.; ob·"¡ o'Givo:::~ ", jl:l 'ob;ctivo·: -,)rincii):ll d:.; 
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Chapter l 

OV:SRVIE~<! 

1.1 tlistoric Overvie~v 

1.11 Growth of Cities: 

For hundreds of thousands of years man lived in sma11, temporary 

settlernents, in caves or huts. Then, sorne 8,000 to 10,000 years ago, he 

created vi1lages with hundreds of inhabitants and sornewhat later, his 

first cities, they functioned as ~rading posts, etc. They were sm&ll, 

never exceeding 50,000 people, usua1ly rernaining below 20,000. They were 

li~ited in space, usually surrounded by wa11s. They were sma11, static 

nuclei of man's urbanized 1ife surrounded by vast expanses of open 

countryside. Until seventeenth century, only the capitals of the great 

e~pires such as Rorne and Constantinopole grew heyond this description, 

not to exceed l million people and they either shrank back to srna11er 

sizes as Rorne or Constantinopole did or died comp1etely as Changan (China) 

when their empires were dissolved. 

1.111 Histori¿al Development of Industrialization 

a) agricultura! revolution; villages; a central 

rnanagement place; organization 

b) developrnent of commerce, goverlliuent, service 

e) industrial revolution and mass production; 

transportation; standard of living 

d) mass consumption 

o 

o 

o 



,, 

o 

o 

o 

e) information 

, f<'Identify, phenomena of "speeialization of elass 
\.. ' .. ~ ·-~ ,. .j.. 

1 • 1 ~ > ~" l • , r } 

strueture" oeeurring in world today. 

l.íi2 } ! ~ j ¡ 

What is y'm{r defiñiÜon o'f ··k, c'fty? '/. 

:: \.) :~ ~1, t. ; : '"".: "J ,!: ' < ' : ' - i l ' f -' '> > ~ L) ~\ i ' 

a) eul tural unit · ·,r. '- - -· 
,. 

-, _;. _¿ ' • .r; 1 •\• ¡ ; :. ' .,~ 

' .. ·~ í ~"''. :. } '• ~~~~t·f~'- " ~ b) ~eligious unit 

e) politieal unit ") 

d) other 
' 

, ' L 

.:~hth' the' ~dtent 'of seientifie·, téehnol'ogical, social and' 

' -- - .-.. "' 't ::""). :-·: .. ' - . ' " - ~ \: " . ' '' - -
industria 1 revolut io-ns, .. the- e ities. bégan "tó grow · eont inuoí.I"s ly; ·- from s tatie 

thert~~-~~~--d~;a~ie"~~d' ~~:o~ reaeh-ed ~nd exe·~·ed'ed á p~p~latioñ 'of·;mÜlions. 
- ' ~ 

Tokyo and London had 1 million inhabitants and today· Lbhdórl";' NeH 'York 

and Tokyo have passed the 10 million mark. Many other. eiti_es .~re 
- ..... 1. ' 

beginning to be intereonneeted in broader systems of the tens of 
" ,} ;;·i .~ ·~ ~~ 1 .~ ' ' 

millions. Fr.on;t ,¡;m;ül -~~t,Y, man moved .~P •. t~e 'dyn_am~c _ ~ity, to the 

dynamic metropolis and today movei on to the megalopolis. 
.. '•' ' < "'., -

There are now 13 megalopolises around the world (Fig. 2) as a 
. "- .--: . . - , e 

j 
\ ' -

recent study (1) has demonstrated, and_~~~y more will eme~ge. As a 
• • 1 , .... ' ~l ' \ ~ ~ - • \- - ' ', ' 

matter of fact, we are heading toward ~he ~erging ~og~th~r of megalopolises 

into broader systems; toward the emergence of long strips of developed 

- -· < ' " : l ~ 

land whieh will be intereonnected into a huge network; can'd tJíu·s· totvar~ 

the ereat ion of a universal system of human settlemen ts which will eov~r 

the whole earth. This is the next stage of·the historical process: 

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



1.2 llrban 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: 

l. Production - distribution - consumption 

2. Socialization 

3. Social control 

4. Social participation 

S. Mutual support 

1.32 Paramcters: 

l. People 

2. Food 

3. Energy 

o 

o 



o 

o 

4. Water 

S. Economic opportunity 

6. Education 

7.- Transportation and conununication' 
.. """' 1 

8. Climate 

9. Goyernment (how people org~nize themselves) 

10. Security ,, 

1.33 Problem areas: . ..: ' 

l. Servicés 

2. Population growth 

3. Chang~ng need~ 
.. :.t.J~~ ''""~. , ·~ .·,, r, ~,'X., ' J .~ 1 

4. Re,?~il~--i~g,.the;:.~lfi~r ':":rl?~p :~;~nter.~ .. ·: _, 

5. Inequities of social and economic segregation 
- .., 

6. Eq~al ?PPprtunity. for a.ll _to __ shar'e' iri .the benefits of . 
¡ - ~ ~ ~ 

0 
' • - .. e' O 1 ¡ '< O < -- l 

urban life; 

1.4 Growth and Development 

Although economic growth is an u1timate o?jective-in development, 

the essence of development process is human devel?pment. 

1.41 Socia 1 D_eve lo~?.,men_t,: 

1.411 Education 

1.412 Hea1th 

1.'413 Welfare 

1.414 Public Utilities 



1.415 Security o 
1.416 Education 

1.417 Recreation 

1.42 Grm~th (stages) (4): 

1.421 Tradiationa1 society 

1.422 Pre-conditions 

1.423 Take-off 

1.424 The drive to maturity 

1.425 High mass consumption 

1.5 Qua1ity of Life 

A measure of one's success in the pursuit of happiness-success in 

the progressive satisfaction of a continuum of needs. 

o 
1.51 Life Style 

Materialistic measure of a civi1ization's progress 

1.52 Standard of Living 
An aggregate of life style 

1.53 Hierarchy of Needs (2), (3) 

( 1) A ir 

(2) Water 

(3) Food Physiological 

(4) Shelter 

(S) Health 

(6) Safety-security 

(7) Belongingness, love Cultura 1 

(8) Esteem 

(9) Self actualization o 



k • 

.. 

. O 

. O 

o 

1.~ Developed and Developing Nations 

l. 61 Developea- nat-ions· h'ave as one distinguishing feature their 

cr~ative technology andsocietal acceptance of transfers. 

1.62 The deve~op~~g nations on the other hand, have not historic~lly 

un~ergone much_of t~e transfe~ as ye~; and hªve attempted t9 identify 

essentially ~n.isolation with the latest technology. 

1.63 Ranking based on qualitative and quantitative indicators ~f 

human resource development. 

1.7 Dangers in Future 

1.71 The-danger "for nature and·the ecological ·balance with man • 

. " 
~ r -' ' 

1.72 The danger forman because of the disappearance of the human , . 

scal~: Variety, dehumRnization, homogP.naity. 

l. 73 · The dang,er .. fo~-- man because of the disappearance of local 

cultures under the pressuFe of universal forces. 

1.8 Objectives of the Course 
' .. ' 1 ' ~ ~ " _, - l 

1.81. Urban Systems and Problema - Aggregate Systems 

1.8·11 Systems Approach · • 1 '~ 

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 o 
1.85 Plan of conscious actions and aiternatives 

o 

o 
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Chapter 2 

URBAN SYSTEHS 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 the qutside environment. 

An urban system consists of a non-static or dynamic area and related 

outside l.¡orld. 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 interdepcndence, 

(4) Governmental obstaclcs. 

o 

o 

o 



··o 2.2 Urban Gro~vth and Scrvices 

o 

2.3 

o 

2. 21 Urban gro,vth is a complex process requiring a wide variety of 

public and private resources. 

' ' . ~' 
2.22 ~-- Futur:e .~rowth virtually restricted to urban areas • 

2.23 
. - '. - ;:';'' ' 

Concentration of economic activity and population. 

2.24 
~· • ~: : .. _ -~~: il.:: ·?·~~:: -~--· .._.;~1~~: ,:_J',.~L ~: .. .:\..:·:,.-,..~-YJ_..~·..:-~~:~.-·!_w','""-',;¡ 

Need for uroan land tends to grow at a faster rate than the 
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popu1ation increase. In the United S tates, urbanized land: tV"ill 
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'grow· from 2,400 square mile in 1960 t-o 5,200 square miles in 1985. 
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Highways· and other. transportation channels 
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Hospit.als, o~fi'ée~ ,. · 
'• 
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.. (4). w~\er-_.s~pp~y, __ u.ÚÜ~ties,. l_~ca1 roads. 
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Dependence .Qf. urba~ growth up_o~"~-pri~a't_e, ~upp~y"o(.facilities and 
~ > - ' " ,_ -- '--

scrviccs. 

,(1) -~·=~blJ~ SlfP?l~--~imi.t~,d-: L:,'-·: ~' ,· 1 .;>·, ., 
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(3) Need fo.r. co_ntrol and planning .-
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só·c:i.at=' and ·-E¿·~nor'nic·· _n.!Jp·a~It·i.'es ··::.: ,. 

2.31 Ra~iai'~·ahd',~~~·~ómi.c s·egr'egation; severe consequences for disadvan-
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tag~s gróups: ' 

2.32 
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Migratións' _frori\' rural' areas to urbán areas 

Migra tio~ -fróm'· old centia1- éities .. to the suburbs 

2. 33 .,_, 'cu 1 ~:·ir~ i isóta ü~~ 

(1) Low income f~mities 

(2) Broken families 

(3) Elderly, uncmployed 

(4) Negroes 



2.34 Local tax structure 

(1) Local revenues 

(2) Local spending 

2.35 Failures of urban renewal 

(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 Faílure of government institutions to come to grips with the 

o 

growing interdependence of people and communities within metropo- e=) 

litan areas. 

2.42 Search for housing and ernployment within a regían circumscribed 

more by the convenience 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 SNSA' s - Standard Metropoli tan Statis tical 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 comrounities. 
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2.4321 The prevalence of'"~pllloJers' c'oristitÜfe's ·a ·strong case 
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2.4322 Joint planning by local governments 
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2.7 Exccrots of "UrbGn Problems" 

the cause of America is the cause of mankind. Now, throughout 

the \oJorld, the cause of all mankind is increasingly to find the good life 

in an urbonized environment. 

a long agenda of problems that can be solved only by public action. 

The agenda includes providing public ·investments 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 bet\oJeen splendid ne\v surburban 

homes, an abundance of high-pmoJered cars, and recurrent e rises in such areas 

of public responsibility as education and water supply, concluded that there 

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

S~=icty, ottrib~tcs this curiouc urb~c blcnd of pri?~tc splccdor and public 

squalor to a national folklore that assigns high value to prívate 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 grm.;rth is expected to take place \.;rithin these areas. Inside metropolitan 

areas, ho\oJever, growth does not take a concentrated form but tends to spread 

well beyond the established cities into fringe territory. By nm.¡, more than 

half the metropolitan population lives outside the central cities. 

By 1975, we will need over 2 million ne\.;r homes a year. He VIill r.eed 

schools for 10 million additional children, welfare and health facilities for 

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

o 

o 

o 
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' ' 
daily movement of 2q.0 !llillion p~ople, a':d more than 80 million automobqef• 

1 

1 ' 
In less.than 40 years, urban population will double, city land will aouble, 

'- (~"'" ~- V • "' , l "-' } - , 0 " ~ • ~ ~ • ! 0 -

and t~e will,.-have _to "build in our cities as much as ~11 that we ha ve w ilt since 
.. '11.. -' ... ..._ ;: .-'.':-..<::.1:1:: ·~r,.a.. ' Jt ~ ' ,- ,~,,:- r ' ¡: 

¡¡ -
the first colonist arrived on these shorés. It .is ,a,s1Lif ~~-,have._40. _y~ars to .,·, ~~ .. ~ __ ,. ·-. :t"y .......... ' .. · -J,~..::ll.-:.~ ~ll'>--',_·1• \..t.,...;_~ 

increase. There .is no .shortage of .land,. in .the Uni ted S tates. - Problems. arise 
'J ",: -·• "'·,._V·:~~~~~ •J·~ ........ ,~ ... ~.~·">-~~ .... -.._ t,.~': :'~,. /-...-':.. ;¡,.(, ~ "'""""" .• '.:.....,. ,,.... :··~-'-_~--• ¡.3 ..... ~._.., -'~..._,;;..., •• , ... ~ ... ~ •-

in makipg, th~s ,land_ -.suitaqle .for ,.urb.é!n -liying. }!ighw:a-ys, s<;:hools, water supply~ 
~- • r 

0
• ,,\.. .... __ ,_~( '!:"";.-:. J: •""' .-~ 7 1 '• \.1 :,,R .. ,'\, .! .. , • ,>.-- 1 1/ ~, ,, 0 • ..,.."'¡. .,J, ,.._,, f,• o. -' .T ~ 

' -
parks '· R.~s?,~,t~.l~,.' ,_~t¡~~t~~e~.' }9.-~,a~- ~~P~~.~,'~ ~é:!?.d: ~~opp,ing _ :.~t;~ers . are aP-:'9:~e.d_ed. 

' 

estima.ted $_1_6,.~PP .. for -~ac~_net.,,h~u~eho~d •. Thus. one of" the major shortcomings 
"'::',(" ~ ... ~~-; ......... ¡,.... _ _,_ • --· ~ '>-; --· .... t '1 ...... "'"..)J ............. , ~,l ... }' t. ·-...... :>" • -.~-·.: .. 11-.....'.,.9• ... -1 ::J:t~ -· 

in water supply .. and was te disposal is the continued ,reliance, on _pr_ivate v1eHs 
t. .;:, .:.:' , · :;: -~ ~ "~" 4 , _ ~z s;_. ~ _, """·, ~~ _ ~ _ • 1 .... :... ;~ .&. ~ 1:" • ~--: ~ "' .... ~-- • , ,.. •,.._ :e:;.., -. ¡.. , ..... ·~ '"'; , ..,.. , ~; ... : ... _ ~· ~ __ : _---: V • ~ __ _ 

and individual,septic Janks in conunt.!-nities .wher!'!~· the ~grot·7ing_d,ensity qf popu-
:; ;~ __ :;:__~,:' .. ~:-.-.,....:.rr-,.•-,. • 'i _.-.. ... "1,, .~~-.\ \,:-~"'-~ ,..•'•• ,-. .... _ .... ••• ... ..._ ~. 

latior. cal,l.; for public wat9,r and. scwe~~gc.,.sy_stc.m~ •. -, DcQp,it:_c .. ~r,~l.Jgrc~:;: 9~d , 
~ ' :!J- r < • ~ , _ : ,~ (, • ... • ' ~ , ' , h .., , • _,¡.. ,' • _; • 1 -" _ ,.. ¡d. < • •• L 

faulty s.eptic_ tanks, most ne~~ .~esidents of the Sll;bur\>.s enjoy. good living 
c . ..,..· - " _ •. • .. -, •• ; • , • .. •.. • ' , o.. r • - , • - ,_ ,, -.. • ~ :",>, -' ... • ,.. • ~ , -

conditions •. 
- -' """• .. , . L • ~ • ~ : , ... , ' '•' ' ' ~.. . 

, . As a result of this combination _of f_orces, ;low-income familie~, broken 
~ • ~ : ' '_. ,- ~--'- ._ ~ ' ·... \ •• ,_~ • ... j l} ;-. . 1.: \ '- ) ... ~ • ' • ' o, • ·~· 'i ~ \ \__ -' -~ 

familie~ ,, the elder.ly, tjle ,,l,ln~mP.l.oy,eA, and _N,egroes .~!re" concentrg,ted, il_l .. the . 
!.,. 1 ',. • ... .,. '-. - ~ ( -... .. .; "'l"" ...._ - ..... • '"'.., ·- '- ~ ~ • ~" • ~ • ,. - •' ~ \.-. - • ; r.. -- 4 t-1 .._. ~ ·- ~ '"' - (. 

centrál cities of most large metropolitan_areas •. People i~_the __ c_entr_al,_citi,es 
"j ~:..- J, ,· :.~ ... .., ... ·-~·--\- ·-··"'~-'· ..... ,_,,,,;~·-;. -'·-"''--.·'-~·~>coo .... ""-"';»-,..~- -~.;_·,.~·'</• .. •"'-

need many kinds of govern.ment services: welfare, ,educa tion, -,heal,th,, .police, and 
J ' .... ~ ~ • - ....... 1 - .,. ', ._ J ~... .... •• > '- - - • • • - - "::. ..... ~ ~ ... / • 1" ~ ~ - ~· ! • ~ .. '-' 

~ire portection. ~et the .tax.resources .of these·cities are limited by the 
._, ,, .. _~J '!, l¡, .. ~ ·~'•' 1 .. o..~ ._,)<¿, ..... ' •• ~. 

very nature of their population. . . 
~ \ ::' -.. -. ~ ' ' ' - ~ 1- ... • 1 ! - (~ { ~ , ._ • -J> {' ' ' ' .. 

Educ.ating si_uq. chil4ret)._ ~.s far mor~ ,_difficul~ th_an educating .middle-class 

children; yet many, schools in wealthy suburbs ,spend $1,000 per pup,q ann~?l_ly 
- • J .. • ~ ... '. • ' 

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 housí.ng and employmcnt ~Jithin a broad region circumscribed Q 
more by the convenience of commuri.ng and by personnl preferences than by local 

government boundaries. • •• concept of a metropolitan area is one of an 

integrated economic and social unit with a recognized large population nucleus. 

Fragmentation o f this kind may appear to bring goverm:1ent "e loser to the 

people", but it compounds the difficulties of achieving coordination within 

metropolitan areas. Activities of all three levels of government now function 

in close juxtaposition, subject to an extremely complicated web of federal, 

state, and local laws, and administrative regulations. For a number of reasons, 

the cities have found a more sympathetic hearing in Washi~gton 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 

tan in 1960 accounted for 84 percent of all the increase in the Nation' s popula

tion during the 1950-60 decade. For these areas, the gro,.¡th '"as 23.6 million 

persons, or 26 percent, ~nile the population of the remainder of the country 

rose only from 62 to 66.4 millíon, 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 gro'tV'th of the United Sta tes. In the past 

two decades accordingly, the 212 areas novl recognized as metrop?litan have 

íncreased 55 percent in population, from 72.8 to 112.9 million persons, -..;hile 

the population of the rest of the United States has grawn only 11 percent, froili 

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

within the central cities in 1960. 

o 

o 



\ 1 

o 

f ' 

':! 

o 

Eco~omic resources .are highly concentrated in the metropolitan areas of 
- . . ~' ~· ~ . 

the United 'states -- even ·disproportionately concentrated, relative to. the 
'( 

metropolitan ~hare of national population. 63 percent of the people were 
- '' _ . . e '\ .~ ":~ , "\ .o·. r 

livi~~ i~ ·m~trci~ol{iari areas, these areas accounted for 78.6 percent of all 
1.;> ·-,_ ' : •\ J J•' 1 ~ --- ,• .... •• ......... ~- ·: .:._~ .. {·; 

.. ' \ ' ' .. ' t- ~ ' ... 

bank deposits i:n the United States: 
- .. r -_·r~ ~~~-~ ·' n4 .. '·' 1 ~'- •i~ ~. __ -;. 

for-mare 'than 3/4 (i6.s perce·nf)'"óf "the'váfu~·ac:Íded by-manufacture; coptained 

And in 1958, 'met-ropoli tan aréas accounted 
"~ l ; • 1 ' l o ¡. :,, ' ,.,. -/ -

• 1 _t..., : - -~ ' ' !~l· '¡ • '/ !- -~ i ~ ' " !< ;-... -•• " : ,' .... ~- ..... - , ;: 

73.~ percent of 'the'total number of ,industrial 'employees, and 78.5 p~ré~nt of 

all ma~uf~~turi~g -pay~olls. 
·'" ..... -~-,~~~ ;tr ,1:~ . ¡,. ~, _: • 

'. ~,. ·J ,_ 1 1 • -· • '. ...., .. 
1! ,. ' .... : . .. ' -,. Distribution ·o;-, T~_xaple ~rqperty, 1961 

t :r ) ':;..;· ''- ... ' ... ::;..'!;.:: '~~· a.-.,. 

Residential 
Acreage and farms 
Commeréiál añd industriál 
Qther. 

TOTAL 

,, _, 

Percent· cff 'i:'áxable · 
• ' • ~ - r ' 

assessed valuations 
¡ ~ 

WÜhin: 
,. SMSA' s 

--:·: "6_3 • 7,_ 
3.5 

29.7 
. --3 •. r 
1,90 .o -~ 7 ' 

· Outsid~ 
. " · SMSA) s 

42.9 
32.8 
18.6 

· -·s·. 7 

100~0 

'' 1" ; -·. ;. )' ·-; ,_ ~ '• -: ~- ¡ 1- .. ~ ; ,: ~ 1 - - '_,, .... • 1 

---·Race; age;'mobility'-stat~-~ ~· family' ~·om~os{t-fo'ri~ "edu~~atio'n·, 'oécupatíori; 

emplóyment status, family inc'Óme·;~housing"'~~a~~cteri~~ics, ,and.'co~ütl.ng 

._ .. ,.The strong,est 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. 



o 
The classic dichotorny of the poor, underprivileged, nom.;rhitc central 

city contras tcd wi th the comfortable tvhi te suburb does not hold, truc through-

out the country. While racial disparities are large ever~.;rhere, the othcr 

elements of the dichotomy -- education, income, employment, and housing --

fit the stcreotype consistently only in the large metropolitan areas and 

those located in the Northeast. In 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. o 
Local Government Revenue, 1962 

í.Jithin SNSA's Outside SMSA's United S tates 
per per per 
ca pita % capita % cap ita % 
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 
S tate 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 

o 
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Local Government Expenditure, 1962 

,•. 
~ • ¡ • ,-

'Education 
: Higlnvays -. · .. 
Public lvelfare 
Police ·Protec.tion ·: 

: Fire ·Pro·te~ti.on 
Se\voerage · , , · · 

.Hous;ng and Urban Renewal 
Parks and- .Recreation· · ·. --

Total, .... 

• • 1 ' - • ~, 

'): 

Within '.:. 0utside 
SHSA's SNSA's 

$267.05''_ '.$199 :68 

" •' 

97.29-- ·95.29 
18.46 .·, 22.85 
16.13 9.78 
12.59 5.28. 

7.79 2.91 
·8.44 3. 98. 
8.69 1.61 
6~43 1.77 

United 
S tates 

$24_?.96' 

96.57 
.20.03· ':.;. 

13.86 
9. 98·. 

. 6 •. 05 

. 6'.85:. "'J " 

6.16 
-4. 77·: 

-. t 

Most .of the people and .wealth of' tlie count,ry_ are now foun,d in ·metropolit2!1 

· a reas, and. vi·r.tually a 11 fu tu re ·growth · is expect:ed .. to:·_t.ake ·place in metro..; 

: poli~an .setting •. 

Fifteen differen·t fÚnctions account for ·~ore than 85 percent of "di:rect 

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

police and-,fi ~ p;otecti·on," ~-r~:t~spo·rtation·,' wat~r suppty. and 'sewage 'd-tsposal, 

'velfare, hospitals, and _ _!nec!ical c_ar'ª .faci~itie_s,_ 'l:lol!-?i_ng,_ .u_rban renewal~ ·· 
" 

- librarie~, parks and recreati~n, 'plannii1g, health,' refuse colleétfon 'ánd 
~ 1 • ' • • ' ' 

. - . 
dispos~r, and air' pollutiori' .control>.;· 

- . 
' ' '~ -~ .J, ,, '~ • 

"r. l ,. -

· It 'is well within the technical and economic capacity .of our metropo-

- lita~ areas to ·develop· ~epéridabl~ ·sourc·es ~f pure water and to make reasonable 

. provision f~r· .di'~p·o~iríg ~f' 'ÜqÚid ·w-a;tes-: . ; - ' ~ ... ' ' ',' 

The gove-rntrierital j'u'risdic Úon responsible for provÚling' ·a~y servic;e 

should be large (:mough for the benefit:s :from that service to be recúved 

primarily by'its own population. 
/ ., . 

Neither the benefits· from the serv~ce nor 

/ 
Á 
'\ 



the social costs of f<tiling to provide it sould 11 spill over" into other 

jurisdictions. 

The unit of government should be large cnough to permit realiz<1tion of 

the economies of scale. For example, it costs $58 per million gallons to 

provide primary se~.¡age treatment in a million-gallon capacity facility, but 

less than half this amount in a 10-million gallon capacity facility. 

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 1 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 

o[ function3 so that its governing processes involve a lesol~tion or conflicting 

interests and a balancing of goven1mental needs and resources. 

The perfonnance 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 

perfonnance. 

Local governments have prime responsibility for municipal water supply 

and waste disposal. The states activities focus on allocation, regulation, 

an¿ facilitation of local activity. In addition sorne states recently have 

bcen giving attention to overall water resources planning and the dcvclopmcnt 

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

o 

o 

o 
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The Federal Government has been responsible for most multipurpose river 

: : .J 

basin developments. Fede,ral agencies .also 1oom large in navigation, flood 
,._.. __ ,,.., ~- , .. .,.,.~-t~..-< ~-"·~ ~-.~•" , .. -!.,.::._-·~ -- '- .... ' • ···~· -{ ~- ~'~-~ .. ' 

control,· irrigation, sewage treatment assistance, pollution contr~l and, more 
,_,1~ : '' ·,, ,I,.. ::}j_•_- ·-- _._..._~ ~ ...... -'1 •L 1 •¡_ ... ,.~ ':, .1: ,- 1 1 

recen~ly, in water use for recreational purpo~es. 
.::· ':1;· '' ' -~: 1) 1 -) ;:: 

Government at all levels, regardless of the part~cular role of an 

·" 

e'~ • ~~ ... • .... :,_.. ';" ~ ;: "<~ t . : .. _..,_' t .. -' _¡ 1 ~. -- ,•, 

adjusting' the' claims of various interests -- urban; industrial, navigation, 
,1 .,.\, 

: l ¿,.'" ' .. _ 
flood control, conservation, and recreation -- in the allocation, regulati~n, 
;;,.._.)_': :,; .. ¡ ( -~ ,; -·--~ ~ ... f¡,.(.:'~ t'. -__ '.·~ 

and: development of' a '.scarce resource. 
·' . . . • .. b\ . 

Mo,st' of these conflicts are not merely the resul t of inadequate 
•, 'v,Í 0 ¡ •..,, ~~ ;'' J.- ;/ 1

"'.' ,~.._ \,' 

communications ora failure to plan. In most areas where such.conflicts 
_; -~ .. , ' '._" ~...'_ • . ; t ,' ~. ~ '~ ', ¡ •' 12 ,fJ .., ' " ,.., ~ ;'", "'' r ~ 1 

arise, there are,not sufficient quantities of.water at comparable prices and 
'1 t _,<.' A' ,', 1.- O f~ ~~v~~~ ', 

( ·, ~ :::: " . ' ! ) ~ ·,, f ( '..... • ' ·:. 1 ~, " j J '~ ... ~· 

quality to'. su,fficient' quantities of water at comparable prices and qualif~ 
, ' ' -~ ' '- ' 

\: f J~t • ' \¡_, - < , •• ' •• '' f.,' 

'o ~upp~y all ~sers.~ The stakes f9r .~he contest~~ts.ir. ter~~ .Pt.protc~ting 
~.rr1:;;.,~} .... ~~ .. L·, ~ ·~·-- · ~ ... :\.~ ,~,:;· · ~ 4 2., •• ·J , • • "'.: l" ~ ~. ·.,. ~- .,:.;;-:.'~-- J~f2 & • ~ 

~91:' the use o~ existing S\.lpplies _of,,water ~ill always, e~is~;_. it is not likely 
IL -, _:) • ~· • '': ' 1 ~ -1 - '~ ~... ,_~:: 1 • ".: \ '- ' ... < 1 '). ~ - (~ >: 

to be eliminated through indefinite expansion of supply or thr9ugh the per-
• '.J ' .. . <-1 -"' :. ..7 _, '-. '~ :-: .._ . • ' . . '¡ ,... • • 1 \f..¡ r ::.o n : . 

fection of planning and administrative ,devices. · 
' ' ~ . . ' 

~ - ' ' ,. ~ ' ~" '·' ' .~. 

Often t~er~,is a fa~ile a~~umptiori that if planning were intensifie4, 
' 1 ~.. ~-, ' ·,J,,~ ,"*:~-

the struct~'ré of decis~onmaking overhauled,· and~ intergovernmental responsibi-
'' 1 ' .' 

lities more carefully specified, consensus and ·solutions would follow with 
' ' ' - - ' j ' 

. ''' il ., .._ J 

ease. .Such.hope~ are usually unfoun4~d. Only .:rarely will a plan or policy 
:- • 1 ~ ''· 

for wate~ use appeal to all parties. To the contestants in water politic~, 
.. -, . ~ , ~ ,jr :, 

each level of government is a different arena, with varying advantages a~d 
1 ' 

-:: -· ', 1, .... -

disadvantages for different participants and the resolution of differing 
r·, 

issues. 



If governments are to provide needed services, however, they m~s~ be 

able to cope with conflict, medi.:ne between different interest groups, and 

reach acceptable compromises as a basis for action, 

TI1e 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 t~an 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 percent to public use, Before thP 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 ~-1ater, 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 water quality. Thus ~.¡ater supply and sewage disposal, 

which developed as separate functions of local government and still are 

admínistered separately in most communities, are in effect two phases of the 

single functíon of water resource management. 

o 

o 

o 



o 
In cities with a population of over 25,000, 20 percent reported deficien-

cíes in '~ater main capacity, 33 percent insufficient pumping capacity, 40 

percent inadequate capacity, 43 percent too little elevated storage, and 29 

percent lacked sufficient ground storage. 

Se\vage trea tment works and interceptor serves to overcome the 1955 backlog 

would cost in excess of $1.9 billion. It is forecasted that during 1955-65 
4 

replacement of obsolete sewage treatment acilities would involve another 

$1.7 billion, and treatment works to meet population increases could be 

exp~c ted to require 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 co~nunities of less than 10,000. 

Metropolitan water and sewage services are often handled by a series of 

e=) small, separate governmental units and prívate companies. Small municipalities 

and sewer districts often fail to process wastes at aii, or creat them ouly 

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-

o 
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 activitics coordinated. A national 



policy should be established by the President and the Congress covering the 

~ovision of adequate water supply and pollution control in a broad framework of 

.· 
promoting 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 Government should insure that water resource planning and development 

hy each of its water agencies, and on each river basin in which the Fede~al 

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 

o 

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''. 

o 
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Chapter 3 

•• J \ '" -

. URBAN PATTERNS OF LIVING 

3.1 The Developmental .Society: .. - ,. 

1 
(i) Once a society begins the long an~ haJ;.d, ro_a~ to better conditions 
·' 

of living, it only gradually discoverso t.hat.it· is also'trying to 
_"' _.) ,_, " , • 1 ._ ~ "'~ r ~ ~ 

e~~~p~ the limita'tions of its O'tvn cu~tur.e .. and. trad~t'ion. 
t - L -__.j ~- -~ > • 0.. ,._ o ~ - t 

(ii) The process of.looking beyond one's boundaries for answers to 
' ' 

~ ' ~ ' ~ \ ' ' ,_ - ¡ . .~ p 

problems that the society has'ñot' before encounter~d be~omes quite 
~ l. ' 

' ' ' "' ' ' ' - ' ' .. ,. 
"' - ~ • ~ ' • ' ' ,~ ' 'r ~ 

common.' ~s· dévelopment ac'celerat'es·~ ., 'Gradually"ther:e ,evolves in the 
'~ ~ • 1 ', ~ ' ' ' ' f :~ ~ . 

s~ciety a-~~ew 'el.efuent.-.that~' g~in~- it~ pres't:i~e from· intróducing and 
' - . "" ..,. ~ -' " .' "' ~~ 

reducing· 'to:·practice th~. u'se.fu!"'ideas ·~md inf~~ati·~~ or:iginating, 

outside. 

(iii) The carriers and interpreters of world culture.are the doctors 
~ ' ..! '~ _.,,,' 

'· . 
and ~entis t.s, the engineer~.? ._ th~· t~p adminis t~~ato.rs ,: , th~.:. .educators, 

the enterprisers and many,. o~ the_, technicians. I t .. is, readily un der-
.._\ ---~ ~ - > 'r - ' • .... • ' ' "'-¡ ... ..I ...... 

stood why such men will tend to become attached .a~most as·•.much to 
' J ' - ,' " -.::: "-- 1 "- .,.,.-- '"lo.--J ~ ~- .r ' 

the world at large ~~.to"the~r.o~.people~and-~heir .~wn culture. 
'--. -'-- ' • ¡ -: ·' ~ - ~ -.. :; - 1 ... ' ' - .. ...., 1 

- , ' '- r_¡ ", 

3. 2 Population: · 
' .J ~ -· 

. ' ·. 

~ 1_ - i- • ·~. t ' / 

(1) Need for social control over population increase 

1 ,, J. ' , ', • 1 , ', ' 1 ~ - • • ) 1 r "' ~.. - :? ~ -., 1 
• • • , ' , - • ;-.( ''f. 

"(2)- Annual rate··of overall iricrease is 0.8.to 1.0% 

~ ' • 1 ' • ~ • ~ • ' --, • t "" r rr• ' • , ' -r , '\ ~ ..... <" 

.. - (3)' The 'maximúni 'capacity of the _p.lánet earth .by one' estimate is 

\'~•f •• ¡'•1 '-'" ... t 7 J~,... ¡', ··~ 1 ;··· ~. :_ '--·~~· .t:,,_";""' 
50 billion people and 10 -cal /person/ 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 Elernents of Standard ~t Living: 

(1) Activity: arrangements for lvorking time and leisure 

(2) Family: size, age structure, interrelations 
! 

(3) Consurnption: maintenance of social status and efficiency 

(4) Saving: security and deferred consumption 

3.4 Migrants: 

(1) Abrupt change in environment; 

misery, confusion, hostility 

(2) Shock; 

cultural, trade, living conditions 

(3) Ghettos 

(4) Urban villages; 
¡ 

The answer to the assortment of human problems associated with 

mass urbanization is to decant the waves of migrants frorn the rural 

hinterland into communities called "urban villages." 

-2-
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3.5 Special Problems of Megalopolis: 
" ' ''- "¡ ..... 

,(I). , J:ourneyp, to __ work. - conges_tion,. t_ime ~onsuml!l:!-Jlg, e~~. 
,¡~'-' '·~·-,'w 1 .r,;.,f )'!.1 ¡·,,: J I,T·'~'{' •• ~ .,:¿~~-·~,•..,L 

(2') Perishab1e foodstuff 

(4) Disposal of wastes 
_, -' 

(5) · Water ~supp~ies - ~:. 1· 
• ' ' , .J e ~ ' • ~· >! ~ ~ • '>,~\:~- ~ .. • <. "'-f,, 'l ~ ,; ~ 1 

(6), _ :Conflic ting. J.:and: use requirements· 

(7'). Decay of slums 

·e 8Y --- ·slño g ... --
' ' - ,p~ ..... ,:' \__¡ .... --, _)'' 

3. 6 Industriaiization and Its, Impact on· Urban Environment :,, 
. '. 

3·. 61: ·H:Ls tory of i11,c;l_ustrie::;_: ; .,_..., 7 .,.<,, .... -_ .• _, : .·--: :t, ... ; >'. _ 

(1) Household-manufactures. --~ - --·~· ,', .. : ~" ..... :!\.:··-tt,... ~ ..... "< ,.! _ 

(2) Village handicr~fts 

(3) 

(4) Primitive factories 

,., 
\ . . . , 

1 - ~ ' ·- ' 
' : '·, _; '~ ... ' -, r ¡ 

(S) Integrated 11assembly. lines.'~-
.., ' 1 \ - -~ ';. ' ' ' ' 

(6) Continuous flow processes 

(7) Automatic·f~ctory 

3.62 Concepts in industrialization: 

(1). capital 

(2). Labor 
. . 

(3) · Productivity 

' -
(4) Automation 

(S) Consumer 

(6) Standard of living 

'. 

(7) Technological innovations - diffusion 

-3- ··' .. 
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3.63 Scales of industries: 

(1) Scattered small scale intrepreneurs using make-shift equip

ment and methods. 

(2) Decentralized, government sponsored factories with local 

participation and sorne centralized regulation. 

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

participation. 

3.64 New Industries: 

(1) Hicrobiologica~ food 

(2) Atomic power 

(3) Fresh water from sea water 

(4) Steel by hydrogen reduction 

(s) Cheaper communication systems 

(6) Fully rationalized construction methods 

3.65 Urbanization, Industrial Growth 

(1) Industry, R & D, filtered down 

(2) Integrated 

(3) Regional 

(4) Natural 

(5) Multinaturals 

-4-
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SYSTEHS APPROACH"'AND PLAl\TNING -.: "'' . _ 

4.1 Systems: 

•' 
'-' \ ) ' Á, :., __ .... 1 ' ' -.1,/ J' ( .... _ -- •_} • '' '1 

, - _- -: ::..~~:. -~· '.) ..... : , .. - E '"'~-.~-·:~1~ .,i) ~ ..... _____ , ... _r:.. . ... í ,..,~. ~. ~·~- ..... ::-:...!. 

A system is a set of·parts coordinated to' accomp1ish a set of goa1s. 
' ., . \..- - - ·~ 

4.11 Basic considerations about systems 
t _> ' \ _, "-.... ~ .. . . - ' 

4.111 System objectives - measures of performance 
~ ) ;. _. ' l ' - '~ 1 - ' ~ , ' - '1 1 "' •• \.'¡ •• '-

--4.-112 ,· System' s environment - the constraints 
_): 

•, / 

4.113 ... System' s. resources available 
. 

4 .114.·. Sy_s tem-:: components subsystems_ 
'~' ,_;-:/ _.,,,·¡-~:. .. ,: .. •)': ~. ·, .• , ·, . r: ._, ¡ , ,· -~_, 

4.115 · Nanagement- of-.. the system itse1f 

4.12 Dimensions of the·.Systems·-Approach 
' ..:- ' '.' ~ ~ ... 1~ • _' .., 

' . 

Since the model to .-be developed is being designed for both inter-
- J ~ - -' " .. ... . ~ ... \_' -

mediate and long·-range planning, a brief analysi!s will be presented to show 
· ... .; · ·-' . - ·: ~- T·. . e . 

how the systems approach deals with the complex feedback interactions between 
)• ¡ ' •) ú,r f., ,' '~~ ',,_' '• •'' ' '· .. -•~~ ... •" ,• '\ ~.1 ,..,, ' 

~ . - ... .. ' 

al1 'sectors and elements of the system under study. This inherrently poses 
• • ' ' ~ - ' ~ 1 ¡ • "- ' " 'í ' : - ' • "-• ~ .... ~ -; ... ' :J .,. • 

a challenge to the systems approach which·generally does not come into sharp 
~, . ·"'.- . ·,. '' . 

focus if short-range .reactive type of planning is the correct approach for 
'¡ 

1 
' ' ' ' . 

chan~es in the sys~ems -environment.· 
'• •..-

. 

' 
·-, j 

In his bool~ on the systems approach, Churchman indicated "that 
' ' ' : ' ~ .... , 

,_ l, 

'' 
the systems approach rea1ly consists of a:.continuing debate between various . ' ' . . \ 'J 

attitudes of mind with respect to society." This debate may be conceived 
', ·": - ·. : . .J • ' 

' 

to take place along at least two coordinates: the first ca1led the horizontal 

which emerges from continuous feedback interaction between the general and 

the particular. Dimensional~ty refers to the degree of systematic inter.re-
' 

¡', ~, ... tf - _' ~ 

latedness pertaining to different attitudes taward economic, 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: 

or policy planning, strategic planning, and operational planning. 

normative 

l~en 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 i t 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 tenns of outputs (missions) qr 

functional outcomes. The difference between notions such as "making potable 

water available" and "drilling wells" illustrates the hierarchical relation-

ship bc~~ccn =tr~tegic gcals and operetional targets. This outcome -- o~ienta-

tion of thinking -- enforces the adoption of at least a partial systems view. 

Thís is the essence of governmental planning in the framework of the Planning

Prograrrming-Budgeting System (PPBS). Only at the operational level is planning 

and action directed at fixed, attainable targets or technical ?roducts. To 

get to these targets poses a problem which can be solved in typical cases. 

The 11 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 attain fairly well

perceived targets. 

The normative process of planníng and change unfolds in the 

feedback interaction between these three planning levels. Churchman has 

o 

o 

written extensively on the concept that a normatíve systems approach involves e=) 
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o 

planning·for·objectives, goals, and targets while inseparably searching for 

and ques-ti~~ing these objectives, goals, .and_ targets in light of moral valu·a 
.. "- • 1 , • .. ' ~ " 1 ' ' '• 1,... - ~" ~ 

'tion. '.'~~itl~ .. thi-~ ·;i~-,~i~d· the ~e~clb~k intera~tion can ~~ clepicted._as .,showri· 
- r~ i' ~ ' .. 

in Figure l. 
.. • ~ ;-- ; r. ; ~ · , •• 
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Each level of planning comes through two inter-meshed feedback loops, 

one reaching "upward" and one "do\:nward", so that planning levels not 

only "touch each other, but share feedback loops \.;rith 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 n'ot reduced to one or 

two levels. Hm.;rever ~ 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 comp:lemcntary aspec ts, again 

tied together by the ·Same type of intricately intervoven feedback process 

as outlined in Figure l. HO\-lever, in forecasting, there is alteration 

between possibility and potential, input and abso.rption of ideads, imagi

nation and realistic attitudes of approaching future system states. Fi

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 basi~. 

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. 

o 

o 

o 
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The modet to- be· presentcd in the remainder of this chapter is both a-

'plann~ng ~.nd a i'orecas.ting one. The planning phase of the problem 
' , . - ...... ·~ :· - ~ ... ~ ,' / .. ~ \'-

wiÜ be d'es~ribed by the utilization of heuristic's and the forecasting 
' 

' 
aspect wiil be carried out using simulation tecnniques to be presente4 

~ ~ • r - -, 

1' 
~ ·~ .) 

la ter. 

1 

4~ 2: :'Basic: 'Pfíi.Tosophies -·about. Systems . Approach: · 
1 

-

- ' ' • ',i i 1 

4~21, ·Ef'ff_ciency;-: :tdentify ·trouble-'-spots-"and!wastés 

4_.-22. ;·Use·: o f. 'science build. a model_of~ the:·syste_m. (tike' sc:ientific 
:1 ¡ 

method· •-· fallible: belie.f that· there· is a. solution to 

everyt~ing)' 
·-·' .. ~ 1 ' 

4.23 Humani's ts :app.roach - humán ~aÍues· 
' . ' 

"~: " ( :·· ~ ' 

4.231 Values 
}~· -· 

' . . 
· Economic 

Humanities 

4.24 Anti.-p_lanriers approach 

4.241 
- ¡ 11 

OppÓs-ed' to analyticai approách ., 

4. 242 The scep tic philosophy · 
·i 

4. 243 Ttre ·determinist philosophy-
1' ,, '' 

.... , 
',,. 

4.2'5 The essence of the system approach is enlightenment, continuing 

perception, continuing reviewing•.•of the world, the whole system 

and of its components. 
- ~><,' '" ,, 
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4.3 The SysteMs Approach: 

Nodel 

He tries - meas u ring $ 

Alternatives - different routes 

Goais 

Validation - reality 

4.4 Model and Modeling: 

A model is a way in which the hu!i1an thought-processes can be amplified. 

There is a fundamental limitation of any modeling of a systern, that the 

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

4.5 Operations Research: 

A tool to anal;ze 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 Econo;netrics - Management Science 

Mi e ro , Ha e ro 

Inventory, Allocation 

Benefit - Cost 

Cost Effectiveness - Replacement 

Discounting 

o 

o 

o 
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4.53 Statistics, 

Regression.analysis 

Correlation matrix 

Probability -,.-' 

Multivaliate analysis .. .¡ ; ' -~ 

4.54 - Simuiation .. ., 1 ., \. ,, 

4.55 Networks, flowcharts, CPM, s~quenc~ng 

4.56 ~PBS - Program Planning and ~udg~tin$ 
11 

4. 57 Decís ion theory- (Refer to Chapter 21. O); 

Game theory 

-Decision tree 

'; 

4.58 Time·series - stochastic 
~ ' f' '_":'""",;_.. 

Fa~tor.analysis 
1 ' 

Spectral analysis 

4 • 6 TI!!!.!:.: 

l¡..61,. The "larger system may. be .. the11 future world. , The larger system, 
- in this · sense, is infin:i'te, ¡ stretdhi~g endles.sly' into 'future 

generations. 
'. 

4.62. The,future is always less certain ·than .the pr,esent, th~s each 
succe~'sive sta'ge o{ planni.ng' is' va'guer, les's· predictáble and 
so less feasible to plan beyond,' a certain. poirit.. , ... 

1 .... ~ ' • - ~ ,. • ~ - • -

4.63 Errors,if -predictable, of measur~_ment increase with time 

4.64 Benefits and costs both diminish at e~ch successive stage. 

4.65 Multistage' thinking 

Multi-structure 

Multi-variant 



4.651 Multistage plnnning 

4.652 Rcplacement mode1s 

4.653 Waiting 1ine models 

4.654 Inventory models 

4.655 Net-works, flowcharts 

4.656 CPH, 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 cont~o1ling a process on the 
basis of its experience (Black box experience - look at whole). 

4.681 Hanagement Infonnation Systems. 

4.682 Purposive machine 

4.7 Planning 

P1anning is one of the activities of a system and we must 1ook 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 planner. 

471 Elements of planning 

4.711 Decision maker 

4.712 Alternativcs 

4. 713 Goa1s 

4.714 Objectives for later stages 

o 

o 

o 
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4.8 Program of 'p1anning 

'/ 

4 .• 8k, cSocia1 .. Interaction . 
~ ,.- • "L •, .~ t ... _ r ~ '-.. • ' ~ • • ~· .._ 
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4 .• 822 Alternatives 
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4.824 Ultimate objectives 

4.825 Effectiveness ... 
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4.10 Urban Economics~. '7 I¡":xcer~~ from.t;he book, Urbari· Economics by,_H~7~ W. 

Richard (Refer to next page). 



URBAN ECONOMICS1 

Of all the challenges and proble.:is that face m.:mkind in the rest of 
the centi...L."J' there are fe\v that look so intractable yet affect so 
closely the daily lives of so many people as the problem of the city . 
. .. Presence of exten1alities rrakes it difficult, if not impossible, 
to alloca-;:;e resources optimally; many urban investrr.ents are 'lumpy' , 
absence of a market for many urban goods and serv:.ces. . . a degree 
of monopoly pa,·;er in the urban la11d market; the p=_a.n.--ung authori ty, 
property companies, mortgage institutions ,sellers of land, builders 
and the design professions. MisaJlocation shows ~tself as central city 
congestion and urban sprawl. If the city is growing, the allocation of 
a given activity to a given site is likely to rer.ain optirral only for 
a short tirr~ , yet resources are not easily transferred once they have 
be en corr:rrü t ted . 

Toree factors: rnarket mechanisms and the constrajnts under ~<Jhich they 
operate; external and other agglomeration ecorDmies; and trar3port costs. 
Sp~tial organization of the city is largely the result of a process that 
allocates activities to sites. The price (rent) of land is an inverse 
functio!1 ( typically a negative exponentiál fU.'1Ction) of distance from 
the city center. 

R=nt/distance function: exterr~l and other aggloncration econornies 
~~d transport costs. Agglorneration economies would probably induce 
activities to cluster together spatially even in the absence of trar~port 
costs or h ¡ sh land prices. 

E= aP2 
' 

where E ec;.uals the·. external econo:nies, and P is the population. 

Noreover, household may spend up to 25 per cent of their disposable 
incorr.e on housing. Vücro-economic approach is to concentrate on the 
j_rdividual household and to explain its location decision in tenns 
of its choices and preferences. 

Behavioral models: Tne first type makes · jo~y to work costs 
~vJhether measured in :money and/or tiine) the main explanatory variable, 
Rinirnizing travel costs; in mere moderate and rinre acceptable forms, 
~he rr.cxiels ernphasize the irnportance of trade-off!:; bei7,;een travel costs 
émd housing cost3 (location rent). Tne second wajor alternative apprcach 
eonsists of theories 11rhich stress choice of house and area. a.'1d emr..t.ror-~T.ental 
preferences as the principal determinants of residential location; the 
role of journey to wor% costs/tlire is relegated to that of an outer 
constraint .. 

1 Richard, Harry VI., Urban Economics, Per.guin Books, Ltd., 1971. 
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HousehoJ.,~~ · .sho_tJJdJ;iye_. q,_~ e lose to the workplace as possible. This is 
co¡rpl~tely fnconsis.t.ent \'Tith imperical dbservation. Changes ·or residences 
are usually associated-with a·longer, or at least equal; journey to work, 
ru1d sUI'veys of consumer preferences indicate a' strong·desire of rrDst 
households to live further out,- if and when· tn~y moved. Journey-to-work 
applies · only 'to the very poor a.I)d the very rich; ' · · ' · 

, ... ·· 
.>. '1 - •1 

It ~s usually assurnedthat: households s¡.¡bstitute travel costs for_housing 
costs and the rate o~ substitution is' governe~ by ~ach households 
preferenc:e for jú.gh pr_· low··dem?ity Lliving.-. · ' · · .: · · 

Income = Yn + t . 
' .. ': í - ~ ..... -

''•' 

-~1). ' f 

' ' . 
\'lher~ P and Q represent the price and quantity of land · (and housing) . 
and t équals t.ranspcirt' costs · · , :: _ ... 

~ - 1 ' \ ' 1., ' • "' 

• ' ' 11-'- ,.,, - '-;;-...-, ...... •'-
·i 

p o ·=y -·t·~· .. - -·. -~··--:-·- ___ , . ··_'(2) 
·· mJin h + t . om - . - ., .. ·.. -:- : ··1 

• '" ' - - . l ' .: • 

Thus'expenditU.re'on housing :is a: rúnct:i¿n or·t;·;ansport-cost.savings. 
•: ,¿<.¡-: ~ ~ L ; -.,-., ,,: ~~'""' ~ ,_ ' ' "' 1 L :~ • - - ~- \ ,._,J 

1
' . . ' ' - - ..... -

T'ne' teri.dency- ·for· average" incornes to incr~ase Vlith distance is· largely due 
to the intercorrelatiori of both variables with the age of the dwelling 
in 'questión~... People' prefer new houses · and the'se are found on. th~ out~ki.rts. 
Land, or the · inner' core· is dominated by r)on-residential uses;· · · ····- · 
Decentralization of work and shopping activities and the constru.ctio.n o:C 
fast roads is-~ing·üroán services and.activities moré accessible to 
subúrban than·to éentral city ·households:. As :·yet, this 'dev_elopment · ... 
is more prevá.lent· in the United Státes· than ·irl Brita'in:· ·· , . . : :. ' : ·· ', ·: ,, 

' 'l ' ' 1 ' • f • . . ~ ~, ''\. t ', ¡ ' 1 l• ~ ." ; ' :' ' ~ 

To select a house· .. as 'expensive as they can afford, can be interpreted in 
terms of ho~seholds 1 rnaxi.'llizing housing . costs ~: The implications· fÓr planning 
of-how.households decide where to live cannot 1pe overemphasized,.espe~ia~ly 
in an age characterized by increasing job.mobility and growing overspill 
problems. - ±n· a 'situation where jobs ca.rlnot. b~ decentralized ra·st ~no~, 
then the appropr~ate prescription for t~anspo~tation planning from travel~ 
cost min~~satioq models is to improve.speed~·and reduce costs, aqd for 
the planning of housing to build at very high~densities as centrally as 1 

possible. On the·other·hand, if households locate or~ily to satisfy. 
housing preferences' then. more emphasis :¡should se . gi ven t6 supplying. the' type 
of houses people · 'v~ant in . the kind of · en~ironnient and area they desire ;- this 

1 ~ ' l 1 1 

mignt be more irnportant than marginal reductions in travel time. í ': 
...., ' • '- ~ ;- • ,--. ~..' '' - '

1 
1' - ' • , •\ - ' ' ' r ' ,. . 
1 1 • • ' 

For-certain acttvities, -especially retail trade,opopulation is an appr~xirnate 
mea~ure:·or. market·~potentiali -:Distribution of: daytiine~_population 'is ~re·· 
important. . . Inclex ·or populát':lon potential., 

1 • 

For business service establishments, the spatial distribution, number ··and 
size·or client establishments are the main determinants-of revenue (and 
turnover) . 1 -



Factor costs Nill be lower a\\ay from the city core for almost all 
establishrnents. Tnose es.tablisilJTlents that still prefer a central 
location must find tlJ.at higl"ler costs are offs.et either by agglorneration 
econorilies sucl1 as· access to cc1::plementary firrns· and specialist services, 
or by l1igller turnover. 

l. Activicies serving the city market as a vmole are more likely to 
locate centrally. Activities serving non-local ~Brkets will tend to 
occupy peripheral sites. 

2. The more specialized a function, the great'er i ts tendency to 
occupy a central location. 

3. TI1e larger the site area required by an establishwent, the more 
lil<:ely i t is to acquire a suburban location. Tills follmrs from the 
fact that the price of land tends to be inver::::ely related to distance 
from the city center. 

4. Influenced by the existence of land use controls and other urban 
planning restr.ictions of the use of central land. Land use controls and 
zoning have a marked stabilizing effect on the 1 city's location patterns. 

5. The presence of pecuniary external dlseconomies (e.g. rising site 
costs) or technological external disecono~es (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. 

ó. In sor1e cases) a si tP. at one of the secondary centers rray offer an 
acceptable compromise. 

7. Urban location decisions are interdepc:mdent in agglomeration. 
Complementary activities tend to agglomerate. On the other hand, sorne 
activities repel each other, for ~xa~le, nuisance-creating manufactures 
and hi~1 class residences. 

8. Histol?ical forces. . . railway 

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

In nineteenth cE:ntury ci ties, manufacturing plants are usually located 
at central sites. New plants tend to be established at peripheral sites. 

For the typical manufacturing firm, then, a suburban location is usually 
advantageous. rrany firms remain for nor:-economic reasons. E.xternal 
economies obtainahle at the central core and these outweight l1ig)1er costs. 
One of the rnaj or economies is labour market acccssibili ty. larger 
pla.'1ts can very often internalize these external economies., not tied to 
a core location. 

The overriding locatio!"'.al requirEinent for retail shops is a site t:r.at 
will attract custam ••• greatest intracity accessibility. 

o 

o 

o 
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First, recursive models involvine step-wise projections are 1üdely used, 
in which the changes taldng place in a givc=n period depend on tr.e state 
or the system at the beGlrming of the pe!riod ... Secondly, to make up for 
the sc3rcity of time-series data, time :Ls injected into these rnodels by 
introducing specified &~o~~ts of exogenous- variables such as population 
change ,- in-migration, economic growth and incorre expansion. Urban simulation 
models are usually molded on these lines . 

Tne testable models are too crude, while the models approaching reality 
are too cumoersome in their data requirements to test ... Urban grov1th 
will normally be associated t'lith both upt'la.I'd and outv.rard e:A1Jansion. 
Central densities'i'Jill rise, and central land will be used more intensively. 
• . . the settled: urban area i'Jill expan~ outwa,rds. 

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 intraurban transport ·junctions, secondary business 
zones, large establishments such as hospitals or universities, and suburban 
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 si."<: miles away. 

Tne metropolis of today and increasingly in the future is not only one 
city, but a federation o general and special centers. 

1 

Spatial allocatioh models. Tnese attempt to distribute units of grm-rth 
(people, firms, activities) among diffe~ent pqrts 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 
thln on rising Der caoita income means that there is a greater danger of 
a divergence between grovlth and welfare !Criteria. Thus', a city's growth 
defined in population-change terms, nee~ not imply an increase in the 
i'Jelfare of J.ts c:ttizens. :' 

1 Urban grOi·Jth 1 • • • has li ttle to do wi th the determinants ar1d sources 
of urbaY1 grovrth ... tends to assume that the urban economy is growing, 
<md then proceeds to explore the repercu.ssions of gro1-rth on the spe.tial 
structure of the city ... conversion of landi! from one use to another 
as a consequence of urban grovrth. It explicitly considers the vari2ble 
space vJhich is ver"J desirable when our concern is with bounded areas, 
and it highlights the physical planning. implications of growth and develop
ment. 

Central place analysis and urban base theory.· .. The central place theory, 
the ci ty grovrs as a result of supplyi~ goods, ,and services to the surround:ing 
region. In other words,·a city's growth is a function of its hinterland 
population (and income level). The process of ci ty grm-Jth genera tes inte~nal 
needs. Central place analysis exaggerates the role of business and service 
activities. Cities grow toa considerable extent by attracting resources. 

! 



Thus, in bas.e mdels, t.l1e urhan economy is trea'ted as an E:ndogenous systcm 
¡fith e).'})Orts as the sole exo[;enous deterrninant; investment is always induced. Ü 
'Ihis ti1eory conta:ins grains, out only erains ,- of truth. 

A location theory mooel of urDan growth. 
It links urban g,L'oNth and :industrial location theory by rralüng the attraction 
of job-creatir1g investrr:ents the chief det,erm:i.napt of the city 's expansion 
&.nd by a.rguing that the capacity to attract depends upon relative 
locational advantages and disadvantages. ; . Ex'ternal economies, socio-cultural 
a..-nenities and other economies of urbaniza:Üon. : .. Population is used 
as an index of city size and employment as a p~xy for economic activity. 

The urban gro1'lth function wlll turn dov..'Tlwards if diseconomies begin to 
oveY'\•iheJm agglomeration econom.ies in large cities. A city's capacity for 
groNth is determined less by e:x"PPrt sales than by the in-migration of labor 
and inflow·s of capital. 

There is strong evidence of a very high income elasticity of demand for 
private car transpOrtation services and a low elasticity for public 
transport services. Ordy if the city is strongly decentralized with widely 
difJ'u.sed origins and de-:.tinations will the motor car be the rrost efficient 
means of transport. 

. . .defines UR as 'a deliberate effort t'o cha.ríge the urban environment 
through planned, large~scale adjustrrent of existing city .areas to present and 
future requirements for· urban living and workirtg. A c.rucial feature of UR 
is -che :invol vement of government. ; 

. . .. Town and Country Planning Acts stemming fi.om the Act oí' 1944; local 
governrnents were called upon to prE'pare not only over,Dl development plans but 
also comprehensive redevelopment schemes. 

In Britain,fbr instance, there has been a considerable shift of emphasis 
towarcis rehabilitation with the new improvement grants under the Housin[_; 
Act of 1969 ... by improvement grar1ts or local authority acquisition. The 
1969 Housing Act made provision for grants for environmental improvement, 
and by the end of 1970, 102 general improvement areas (coverning 35,700 
dwellings) had been declared in England and Hales. 

1 

Tne Tiebout Hypothesis - Given that individual preferences differ and that 
social goodf> are paid for by a comnuni ty '.s ci tizens, i t is in the 
interest of individuals to associate 1ilth those with similar public goods 
preferences. An individual dissatisfied· ... ·can register his preferénces by 
moving.. . Locational moves of this kind should lead to a more hornogeneous 
set of preferences within each cormn.mity. 

Tne three most cor.rnon sources of finance are property taxes (rates), central 
government grants and user charges. 

In the first place, pollution generation rate0 are often a function of 
population size and density and hence are partícularly high under conditions 
of spatial concentration. Secondly, there are rrarked siJnilarities bev:reen 
environrnental pollution and the more familiar forms of urban congestion 
such as traffic · j arns or strain on public :servioe facilities. 

o 
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Eoth pl1cnomcna are ~ubj ect to larr;e e)..'ternali ties. " . 'Ihe presence of other 
uscrs can adversely n.ffect thc quality of services rendered to the individual. 
Disturllance becomes noticeable only' when capacity has been used up, but 
then it increases disproportionately. . '. Action can be tal<:en to increase 
C3.p3.c:1:cy or to reduce the quality i:mpairment: idden:i.ng roads, installation of 
se;,'ac;e treatrnem:; plants, recycling of waste residuals forr.:erly effused 
directly into the atmosphere, rationing ,G.evicés at swimming pools and museums.~ 
and so on. 1 

' 

Social congestiori. With congestion, alli const.imers use the rr~edi1.ID1 in much 
the s31ne way and each is damaging the quhli ty · 'of service for other and 
himself to more or less the same extent. iüt~, pollution, on the other 
hand, sorne users abuse the medi1.ID1 ( the polluters) ~·Jhile others are adversely 
affecteci 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 part of the production and 
consuT!ption process. The use of conmon property resources (air, strean~, 
the oce.::m, etc.) as inputs, the use of environmental media in which to 
'dispose of"" 1vastes, and unNanted inputs (poll,utants) in production - are 
tra~sferred ata zero price, despite the fact 1that they may be scarce or 
rnay provide services or disservices. There is no ma.rket in which they 
,.,-; ""1-:tt be exchanged. The solution in the' general eouilibrit.un model is "L...I..QL' 11 ' • 

to constrLlCt a surrogate rnarket for them by using shadow prices. Thus, 
the cor.rrDn pror~rty resources are treat~d as a subset of ravr materials, 
and are assigr¡ed shadovr prices which represent,, in effect, an income from 
the environment. Tne pollutants are int'roduced as a set of environmental 
disservices and are given negative shadow pricies. The supply of these . 
residuals can be adjusted by price changes, aria this fact creates scope 
1'or :ilí!i:J03:i.ng c.ongestion t.:ha.ege~ on pollti'ters. 

A general prescription to deal 'lflitl:1 pollution is to internalize the 
external costs •.. Intervention by a regionaJ. or national government may 
be necessary to internalize the external costs, because the costs of 
pollution impoas~d on others may be external to the polluting city but 
internal to the region or nation. Resppnses ~~ght include technological 
cnanges in favor of lower waste-generating techniques, disposal of wastes 
on the site, that is by recycling, or ldbatio~l 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 
of waste residuals and pollutants generated is' a function of the level of 
econo~c development (as measured by per capita income) and the rate of 
population gcm....-th. 

The answer if found in the familiar phenomenon of neighborhood effects. 
Tne individuals ovm incremental contribution to pollution control would 
be negligible compared with the aggregate contribution of the rest of the 
co!TiiTiUnity. The benefits of a."'lti-pollut:Lon devices on cars accr'l.le from 
other people's devlces, not from one's own, but the individual has to pay 
only for h:l.s ovm device while the costs of thc: devlces from which he gains 
benefits fall on others. It vlill be in 'his self-interest not to install 
one. It can be shmm, by using a variant of the n-person non-zero Sl.1"l1 

game sometimes called 'the prisoner' s dilemma •,:, that if all individuals 
act like this, equilibrium is uniquely d~termLned when all individuals 
fail to ins tall the de vice. . 1 • 



P lans are j us tific:d in '.:;enns of tlle \\tlole ccn:rr:ur.i ty so tha t a:Ll e os ts 2..nd 
Dcneflts, includinc; m: .. :.ny nonrneasurab.le ite..rns, hctvc .. to be included. T·~ost 
pl.::L'1l1:tt1G dccisions bencfit some intel'ests Dut hurt othe:::os, so t;h.'lt the Q 
rc...ti.o of benefit:::.' to costs tdll va:ry from one group to another. Accord.Jr¡gly, 
it ls difficult to avold paying attention to equüy as well as efficiency 
conside:::'ations. 

Systerr6 anals~is is a rnuch broader version, because the determination of 
goals and objectives is considered as part of the problem rather than 
given, of cost-effectiveness studies but diffe~s ~~e~ these by relying 
on hu:nan judgement as rnuch as on quantitative tecLniques and models. 
. . . refers to any analytical study designed to assist a decision-rnaker 
in identifuing a preferred choice among possible alternatives. 

i 

Success can frequently only be measured by perform:mce measures and staJ.darx:is 
(persons per room and arnenity standards in housing, for example) \·Jhich 
are often e:x-p!'essed in input terms, and these rral-::e insufficient allowance 
for quality differences. Eqillty considerations have to be taken into 
account in urban planning decisions, and 'these:: are difficult to randle 
(as all· welfare economists know). . . Urban grmv-th is the net outcorr.e of 
a corrplex interaction between public and 9rivate decision rr.akers, .. and 
the lor~-rur1 oehavior of the latter (that is households and firrr~) is 
very difficult to predict. 
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Chapter 5 

GOALS/', ALTERt"\"ATIVES, 'sTRATEGI-ES AND DATA 

'·· l. 1 

5J.l Gene·ral -- Goalsi 

1 1 ., 
Goals are •one of the basic elements of models. 

., < :: :1 
The type of _goals obtained 

... ,. ~-· ;! ~ 

from a model is a function of the type of mpdel u:Üli~ed (i~e·. expl~?ation, 
' 1 • --

' ¡ • ' ' J ' ' ~ ' ' - _, -

p·redic tion or decís ion) or the type of data·: (i.e." quali tative or quantita ti ve) 

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

Goals are the outcomes desired or .'the objec'~ives:. Goals are also termed the 

objective function. 

S •.. H., ~hort-ter~ vs. :)ori.g-term gq?ls .. 

.. .. 

, " .... \ - • , ¡ 

The setting '?f' short-range objecti:ves ~s sometimes termed "goals" 
' 

l f • ' 1 1 f ~ 

'" and ,;th.e se~ting of long-range objecti~~s is sometimes te:pned 
. '· ~ > -' ' 1 • 1 1 1 • l .., L 1 ' ' ~ 

"pbje.c tives
1
11

• Th_us goals · should be deyeloped early in ·thé pl~ning 
: J . . 

; • 1 • ' 
phase arúi: at vari,ous stages ·of- dévelopment of the mo'del. (See 

. ( ' 
~igu·res 1 a~d 2).; 

' 
5.12 The objective function 

' i 
: l' ' ' ' 

The ;goals 'are als'o referred :to the objective function. The objective 
! ; 
¡ • ~ 

function is often expressed _in t,erms of optimizing (i.e. the benefits. 
' '\. ,. 

~f develop~ent of a reservoir) or ·mini'mizing (i.e. the cost of 
i' 

building a reservoir). 1· .1 

5.13 Constraints - limiting factors or conditions 

Objectives may also be treated as cons~raints, to establi~h 

acceptable.levels. 1, 

1, 



Figure 1 
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5.131 The objective may be linear, non-linear, or mixe-d. 

5.1:32 : Con,Straints may be ·described by equalities, inequalities, 

- ':::_ 1 <. 

' 

or absent. 

<- -U~-
, ' -

- (2) 
'' '' 

(3) 

._ 

' 11 ,. ' 

Physical constraint :(i.e •. :total water -available) 
' ' 

Ifegál constraint (i ~;~· .P~rmiss,ible pollut_ional level) 
r,. , . ::_ , ·~ .... .: _ , ¡ · ¡ . ' ' ~ ~ .. r , , ·~ 

Fiscal constraint (:1,
1.e. money. available) 

,7 .• S .14 .- Variables 

5.15 

-~ 1 ') 
.JI! t-

o 

The selection of appropriate variables is an important' ~tep in the 
~':: ' ~ y 

process of model building. The.variables _may be classified as 
J -

'' 
end~genou's or exogenous. 

5.141 .Endogenous v~riables are those.which the model builder can 
- .. "' - .· . \ ,· .. . . . -. .- . :~ ' : 

control., They a're inte~al; i.'e. a decision. 
' .. ~ ' ~ • " ', < • - ~- ' ' .. ' • 1 : _; :- ~- ~: ' -• ., ,· ~ ~~ .' • ; • - l j ~ 

E:-::ogenous variables are those. which the ~odel bui lder has 
-~...~.·;.:· ~ .. ::...·"'::;·: .. '!r;:·c~j,J·;,_- f; s.:~;-~ ... -:~~.~t ... -~ "· 

'¡ 

.1 -.-· .. 
' .-

,. 

no. control; they are said' to be external or a non-dectsion 
~~: "ÍCt-~~~,7(:3 11 , J..\'"'u:S ~:- "'J.'3 s .. 1ouLd~ne Ge'\;-slo\)et~ P~r---J'l; · ~ ~~.e· l~~&~ir'i'·-: 

variable; for example - climatic conditions. 
1 '" ' ,. - l ¡ f '1 ' f'l)\j-:;~~ é)~lQ. .J..t '..]_¿ ...,¡~_0\.:~ S~-~~~_i<:.-.; "'JY'. i"""l':~ve f_l.~l'"lk';'í\- (J-. r:,l-1..(;. :-qr-,; 

Alternatives (Figure 3) 
1:""' 1-l~d re~:; l. ~\:~d ~:) . 

~ me~h_od of idrentifying all the :poss'ible ways- in 'tvhich the goals 
T~1C ,.10 J (-;.•;_: t· t_ 1 

.,.. 1 L'C_ .. ! 1 ... -l (l.t.l.> 

.~and obj.ectives _can be __ achi_eved. ;· Duri~g the p¡annipg pro~ess :tl'ler~. is 
~n.-~ ~01l:: .!-Jr.t 

1 
:')., l• c:· .. "'r'---·" .. J t • .:-; ta2. ohJ._~:cr1\,¿ j~l.n. 1-"l __ ,_·:¡~-;, . !~ ~~->~:?1_;t1'·e 

a need to con~ider range of alternativ~s and .de.termine which ones _. 
fun.\,·:,;,:j_(l~ 1st;'~:~{!_. t::.x:.pri?!t.-._)c(Í '.\1.1: 1"1'ÍL·\Á~ o~ n;)t·1.:.tl.L~l.~\g (•f :: ~-< (-_ r,_.....,¡~j;_:fJ~l:.,:,¡_ 

are:.reasonable to pursue. ' ' ' ::' 
of ~<.::\ .. ---.) • r)~\1(:--:t ~·"~ ,\ 7:CSC:1,,\J0!_ )- or.· ;,liril..rLL~~i..¿l.,'- ~ :_ 

5.151 The creation of alternatiye plans leads sometimes to _the 
~J. d j_ ~ :." ; n 2 l," -~ _., , .. ~'(l 

di:fficulty of a possible ch~ng~ in the larger system. A 
( f· 

redesign of ~he larger system may.make all of the alt~rnatives 

ofithe subsystem completely irrelevant. 
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Fiaure I illustrates the total requirements of a process. Not to provide a 11Hedding", one must look at 
the societal and environmental rnixes, in Figure II. 
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Location Pop'/Employee - GNP 
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5.152 Technology may be rcgarded 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 11 best11 

alternative. For example, the development of a ~.¡ater resource 

system consisting of benefits to be gained from power irri

gation, flood control, and low-flow augmcntation, 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 technique involves the ordering 

or ranking of several alternative combinations of reservoirs 

and uses to arrive at the best alternative. 

5.16 Scenario - a •¡erbal rlescription. 

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

5.2 Classification of Data 

Data may be classified by level, type of measurement, substantive arca, 

and source. (See Figure 4) 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 R~w vs. Derived 

5.25 Raw vs. Digested 

o 

o 

o 
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5.3 Tvne of Neasurement 

Quantitative vs. Qualitative (See Hater Quality Standards -EPA, "Evaluation 

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

5.4 Substantive Area - Environmenta1 

Bate1le Laboratories have estab1ished Parameter Importance Units for 

Environmenta1 Impacts, tota1ing 1000 points. 

Ecology 
Environmenta1 Po11ution 
Esthetics 
Human Interest 

240 
402 
153 
205 

1000 

(See "Environmental Impacts" from EPA Proposa1, Figure 6 - Environmenta1 

Consequences) 

5.5 Substantive Area - Physical Data 

ExArnpl~: 1965 Water Quality Standards 

5.6 Substantive Area - Economic Data 

(See "Economic Hode1 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 dawn into a number of sub-headings. 

There is oftcn an interre1ationship and over1apping types of daya inc1uded in 

a substantive area. Other substantive areas are as fo1lows. 

o 

o 

o 
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Figure S 

Sani tary ·Survey .~f J?rinking· Water' Sysi:ems on Federal \va ter Resource .. . Developmcnts 
:.. ~ ,J 

A Pflot Study 
EPA Office of Water Programs, August 1.~71 

EVALUATION CRITERIA. · 

Each water supply systcm was investigated on threc bases: 1) dri;1king water quality was 
GCtcrmíned by sampling -the fi'nished and diStributcd water and ~cturning these samplcs to 
the laboratoril!s of the._ Divisio,n of Water l·lygi\:t~e for bactcriological, chemical, and trace metal 
analyscs (radíochemical samplcs were not collccted in thc study); 2) the status of the water 
supply system fac1)ities werc dctermined by a ficld survey of the system anc.l the recording of 
data on threc standard Í'orms,'with rcspcct toa) source (s), b) treatmcnt, if any, e) distribution 
systcm pressures, and d·) opcration; 3) thl! status ·for the surveillance 'program over the water 
supply systcm was determíned.by obtaining bacteriological water qu,a_lit/dataJor the previous 
12 months of record f~pmSt~tc and County health department 11l~s. :. , 

. 
To prevcnt heal th hazards from developing in a water supply system, ~~m~one not associated 

with the supply ~hould rcview opcration procedures and the adequacy ofphysical facilities ~I}. 
a regular basis. These· sani ~~·ry surveys sholild be at least as detailed as thc reviews m a de during 
the pilot stttdy, and may be more tirne-consuming depending on the com'plexity of treatmcnt 
<1nd tlH! cap:JiJii1t1es oi i11c op~:¡aLOIS. Se~tion ~.2 of thc Plibli~ P.c::~lth Dr~r.!-:!r.g W:1!er St:l:~d:m!'\ 
1962, provides that "Frequcnt sanitary surveys shall be made of th~ water supply.systcm tq'~ocate 
and idéntify health hazards which might exist in the system." 

> ' ' 

The "nur:1bc~ of syst¿ms exceedi~g the DViS" and "the perc~~t of systems e-)\ceeding the 
DWS, \vill b~ rcfcrre'd ·to 's~v~r~ll times 'in this r~port. l t ~hould be under:;tood, however', ·tlÚt the 
frequency and ¡ldequacy of the sanitary survey was not one o(thc criteria usé'd in making thcse 
d.:!tcrminations. For some of tbe water s'ystems it was difficult to obtam information reliable 
enough to include in ·an accurate statistical summary. fo.r this report. Although not includcd in 
thc stati$tic::~l summaries, thc adcquacy of thc sanitary survey for water supply systems in this 
study is discusscd in the' body of this rcport. 

Water Quality Criteria 
Water quality was judged as 'rollows: . - ' 

(1) Not to cxcecd the cÓ-1~stituent limits of thc PHS Drinking Water Standards. 
' "7 ' .. ' ' ,, •, 

(2) To cxcccd at lcast ·onc "rccommcndcd" con<;titucnt limit (sorne are 'aésthctic paramc!crs), 
but <.loes not cxcccd aúy "mandatory" consÚtul!nt limit. . ' -

(3) To excecd at least ,one'"mandatory" constitucnt limit. 

In this report when a ~va ter supply system is refcrred toas exceeding the constituent limits 
of tht.: D\VS, thc determin~tion is bnscd on the maximum concentration of a constituent measured 
in onc or more samples coÚcctcd from thc systcm. ~ 

/ 



Figure 5 (Continued) 

MAr-;DATORY W·UTS 

(The presence of thc follo"in¡; sub1tanccs "' e'C!» of tr,c 'oncentratJons I1H~d s!ull 
conHJlt:te grounds for rc;~;:tJO•l of tr.e supply thcrctore. theJt contJr.u~d ¡-re~cnc~ shoulJ b.: 
c.,.~f'..l!iy rneJsur<d and e>aluat~d by ~.caltt'. aJtr,ont¡o anda dccmon made repiJm¡¡ corT<Cli>.: 
me asures or d•scont1nurn.; use oí the supply.) 
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2 O mv' I 
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1.4 mjl 
0.05 m¿/1 
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0.01 m;;íl 
0.05 mg/1 

Parual L¡:¡t M B:;c¡enolo¡;¡cal, Chrm1C'Jl, and Pt,¡ ;¡~al Con>tJtucnt Con~entratJOO LinutJ 
7ú.cn fwm tne 1962 U.S. P.;bl1c r!e;J.t¡h S~mce Dnni<1ng Woter Slandards. 

t;li:.CO!I!~!ENDED LI~!ITS 

(!( the concentration of any of these co;¡stituents are exceeded, ~more >urtable sup¡¡ly or 
treatment showld bi! >vuz.,1t). 

Con¡tit~er.l 

A:> ¡1 B~~z:ne Sul~onar~ (Mea1ur :d a.s 
r. e th ¡l:ne·blu:·J' :m~ suhstan,es) 

A,-,or.;:; 

Ch'onJe 
Colc.r 
Co;'p~r 

C~•oon-Chloroform Extract (CCE) 
Cy.1n1d: 
Ftuo:1do 

rcrr.P' (Ann. Avg. ).!ax. Day, 5 yrs or more) 
500-537 
53 2·58 3 
58.4-63 8 
63.9·70 6 
70.7-79.2 
79.3-QO 5 

!ron 
~.~.H\¡an~se 

N1tcatc 
sur:ate 
'fol~l D1s.;o!ved Sol¡l!!s (TOS) 
Turu~-(Jtty 

Unt:ntc<! 
Trc~t~d by mo•·= t!:an dJ~¡:-o(e;:tJOil 

LJOC 

0.5 mzj1 
0.01 r.g/ 1 
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15 Umts 
IOmgjl 
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' Figure 5 J\ 

Facilities Criteria . ,• 
•' ., " ... "- •;_;- ..;.',o ... _-~..,.,. ........... _.F .. 

. . Sourc~. treatrilcnt, opcrat¡on, a~d distribution· facilit}es were judged'. ~ither:-... 
i ~ - :::: ..,.1< - ' ~ - :"' ' ~-

.1) 

2) 

_,1, ~- ' ' • 

To be ·~sst:ntially'free from .m3jor deficiencies,· or 
-

To',be deficicnt in one.or more of the following (where applicable): 
a) c.$ o, urce' p~~!ec~ion (in 'abscnce of disinfection cir buying 'chloiinated wate;) 

' ' 

b) C~.ntrol of disinfection (if practicéd or· if purchasing chl9rinated water) 
[ .---· ... " .... -

. '· 

e) Coíltrol of clarific:ition (if clarification practiced) 

' ' 

d) Prt~s~ure (:!O P"D in 5ome 9~ ~u areas ,ef the distnbuticn system 

Bacteriolo9:ic3! Su;,~illance Próg;ám Ctiteria 

The bactcriological surveillance program ~ver the water supply system 'was judgcd on the 
fcllowing criteria:. · ·• · ···· · · · 

~-:.- ~ _, " .. 
~ -,1 - • 

1) Col!cction of thé requircd number** of bactcriological samples during the period or'the 
year thc water system is in operaÜon. . . . . 

. 
~ See ":\!anual for Evaluating Pub)ic· Drinking Water Supplies, PHS.Publication No. 1820, · 

1969"-for basis of judgeme·nt. < ·· ·· · . · ~:, 
usce pages 3-6 of thc D~ihking Water Standards. 

. ' 



Figure 6. Environmental Conscquenccs 
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Figure 7. Economic Model Format 
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Figure 8 

Up to ttr; .. s point the prime analysis has been on BenefitiCost An<>lysís 
and co~?rehensive planníng. ~íore recent interest has been in PBS, snd 
Cost Effectiveness. 

PPAS Format - Water Resource Cast 

V 
~{3ste Disposal 

~;'ater and Supply Control 

Recreation 

Erosion and Soil Control 

Land Development Control 

Irrigation 

Fish and ~-:i.ldlífe 

Resources --------: 

... u .e o -.¡.¡ Q u; E ü .e 
~ ~ ..,.¡ '1; . o 

~ e:; ~ C.:> ~ ;.... 
o 'U ~ 

;:¡:; e ...,. o 
e¡¡ ~ '/J 

o ~- u Á 
.,..; m ~ .... X .a ~ ... 

::1 ;, 
p., ¡;:;.., 

The ¡>::::ocess. i llU';trate ·: above, is basically a W~atter of artictllatio<:.. tot-1ards 
goals. Goverlli~eG~ a6encies are rarely organized by ~unction (activity or 
progra~) and as SLC~ results are diff~cult to evaluate. 
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o 
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o s:s1 Teclnl.ologicdl · 

., 
S.'~1 "Politícal 

5.93 ·Biological 

5.84 Ecologícal 
~(. r:~r~ . '' ~ ' 

""r;· , - . . ¡} '_. . "' ,-¡ -' ~' , ¡ 

5. 9 Canee o ts of Inadequa te Data - In the con:text of--d"i::~t::a.- n'eediúl ~·for-·a · módel 

·,.! 
for the design of Hater quality management. 

5.91 Sorne questions that arise 

(1) Hhat significant paramenters of water quality should be 

measured for the system? 

(2) \~at should be the periodicity of time interval in collecting 

specific data? 

(3) í~at are the cross correlations .of these parameters? 

o (4) Are there any .synergistic relationships bet-.;.¡een the 

parameters? 

(S) í~at is being accomplished to develop instrumentation tha.t 

can gage_quantitatively those essential' par~meters, such as BOD, 

that are not being measured automatically at the present time? 

5.92 Data has·a cost, collection, and .deferral of decisions. 

S. 93 Concept of quali.ty measurements 

(1) Criteria 

(2) Standard 

S.94 Concept of prediction and forecasting of data, ~.e., population 

groHlh and dcmand. 

5.95 Accuracy of data: reliabílíty, valídity, objectivity. 

5. 96 Diffículty in systems approach are identified as follmvs. 

o 



(l) To identify all elements or number of variables of the system. 

(2) To identify and quantify the inter-rclationships and componcnts 

of the system. 

(3) To achieve an inter-disciplinary approach. 

5.10 }íodellin¡; ?-íclmt¡-;ement and Scheme 

(See Figures 9 and 10.) 

o 

o 

o 
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o 
.) .:.. ' :_,'.:: ChaP.ter 6 

:<ODEL AND ·t-:ODELING . 

.... ~;-::. -,.. ,41 .. ' ' ! ~~ ~· 

The main objective of models and modeling is to obtain an economy of 
• ~"'-,# ','"'1,. \~.· ' ... ¡>f' 1 -· -. ,~ 

thought and serves the purpose of explanation and elucidation of complex 
·¡ ,. 

ideas in a single schematic form. 
-:: (": .... ) \' ~' - ~ t 

}1odels,in general, function to predict and to analyze activities and 
... ;, r~ } . l..;t ; y·.·' ... r ..)_, __ . • 

tneir effects. 

6.1 Type of Nodels-.. ·· 

6.11 Physica1 

o The ,.sys~~m. ~s .con~_truct~.d, ge"9-ep~ly, .to a small sea le (a 

pr:~totxpe to. a scale)l tp1 study ;tl}e behavior·.of the components 

and the system as a whole. , .E.x.a~~P.~~: Iconic Model. 

6.111 True model - .A .:true model is one where ·there.-is .cpmp·le.te 

similarity or simiJit~qe .between the model ~nd the pro-

to~ype. 

6.112 Distorted model-A distorted model· is one where.com-
, ~· ·- ' ~ . " ~. ~ ~~ .... - ,, 

plete similarity is not possib,le .·becallse· o.f phy.s.ica1 

.considerations of cost. 
- ' 'r 

Simplified and idealized abstraction of a system in a mathematica1 

form. Opposite of a scenario. 

o 



0. 21 ,\n.Jlytic (.:1lgebraic e qua tion) or Numeric (numerica 1 cons truc ci.on) 
o 

The an.:1lytic mode is an expression of a real life situ.:Jtion in 

symbolic form vía an algebraic equation. 

If the same problem is cast directly in cornputer logic, it 

is in the numeric mode. It could be classes as a verbal or 

language model constructed to he handled by a computer. 

(There is a lot of latitude on this point.) 

6.22 Descriptive or Optimizing 

With the descriptive model, the focus is on describing a rea:-

life si tuation whi le the optimizing model st. res ses the p roces.:> 

of selection from a ranking of alternative solutions. 

6.23 Quantitative or Qualitative 

.La~: symool:; iLl a qudntitative ,,-,.:,del st.o:nd :!:o:::: nurn~cr::> (con- o 
stants or variables), while in qualitative models, they repre-

sent properties of components. 

6.24 Detern1inistic, Stochastic, or Probabilistic 

In a deterministic model, a given input will ah.¡ays result in 

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

outcome is probabilistic. 

6.25 Micro or Macro Models 

Degree of fineness. A micro model represents a system on a 

micro (small detail) scale w:üle a macro model represents the 

system on an aggregate (group or cluster) sc.:Jle. As models so 

into the future they become less fine. 

o 



o 

o 

o 

6.26 Sta~i~ or Dynamic _ 
... : ... :· r:. := ;;.:. e !.) ... ~ " r - :... :~ ~\ ' ... • ~ < ¡ ' ...-' .., 1 

Ei ther model can be in equi labrium or non-equi lib_r:Lum. The 
'1,, 

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

of steps or of a sequence of events. 

Cross-Section. r-" , 

... 
.:. • / ~ < 

The 11 read.),'iba·d~'f' í:riod(Ús:"de1sc:rioé-': g:ener~·f,i' ~tandard systems 

~vhile )"~u:st'offi:..bu:i.Yt"·:rrii:>de1s';·are·:·cons'früc't~d to simulate a 

t 1 -_ j .l' '1 

6.3 Model Elements 
f-... ·~JJ'E)t,;·c !: _! ,;r;. .~.; .,.~ hcr-_. ~,-:_1 _:¡~ ~~~o~~ ·j:~:,:, 

6.31 Goals 

' -J-. l ') 

Also knmm as th~ objective Junc~i_on which is a formal statement 
( ~, ~( • .._,1.) '· - ",~ /<' l lit_~·~~-~'-:: J . .:· ... ~ •• ~ J ... ,.._l /~5 .. HJ .,¡_ 1:~tt· : • 

In an optimlzation model, one tries to maximize or 
q·~::\•-;r~:._l>-1~:~) ;:-1: ~f __ ,.~~ '..tZ/. (;:.". r 

minimize tne objective function. \.,"hen· the number of váriablE:s 
2:_ .,.: ( q -' t ' ' ·_ o 

increase then model breaks dmm. 
:_ ···p2'" ~ ~~.:;. ~ _..._-o --... :,. .. ,.,-,~-t.~~:~t;) (_ ---·-. ~ ~ .• ~~.,)·rl: ~J ~d J¡.J .:.~·.~~-·:L· .... : ~: .1.. • ... :<~~~ 

6.32 Variables 

Input and output quantities • 
..... ,:;,;.~ tJ' lo' lJ ~1 :J.•' .... ·~ ...,.-. s; --:¡"":~_)~~ 

Dependent and índependent. (Endogenous an~_Exogenous) 
::.,-·,..~;f,',•'.fl--.JI~) r!~ 

Real and complex. 
,;.i1_, :r-r::1- -:·\O.Jr"" :1 ~) :~rL J~:l_,~. 1 l ',<.:.l_.;.f;!~~·.'...-'• :.9~ :..·:::~ ... ·~ l (' 

6.33 Constraínts 

Conditions - acceptable levels _ 
C!"'"J .l. -_ -} $~ 

Equalitíe~? inequalí~ie~ 
f i..J X 1l: .... : :) ·, j 

Limiting pcrimetcr of the solutíon space 
·:..:r,,, .,~ .\._.).~• l~,j ,,, 

6.34 Transducers (transformers) 

Trans fer ma trix 

"' ' ' 

Open loop input/output relationships essential to i~ternál 

definition. 



6.35 ;~-..:::crn<Jlitics 

Decision variables have secondary effects or social costs or 

bencfi ts. 

6.41 Descriptions 

6.411 Mcasures of performance 

(l) Ratio of input data to output data 

(2) Accuracy and cost of gcnerating data 

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

6.42 Predictions 

(1) Cause-effect relationships and causal sequence 

(2) Endogenous variables (end of the sequence) 

(3) Exogenous variables (beginning of the sequence) 

(4) End result is explanation 

6.43 Planning 

(1) Specification of alternatives (programs or actions) 

(2) Prediction of the consequences for each action 

(3) Scoring of these consequences according to a rnetric of 

goal achievement 

(4) Choosing the alternative with highest score optirnizing 

6.44 Forecasting 

(1) Future state of affairs 

(2) Exlcnsion or projcction of prcscnt grm.;th 

(J) End result is to clarify options for decision makers 

o 

o 

o 



o 6.5 
\ ~ ~~ ' " ' l 

Annlic~tions of Modelling (Figures 6.1 and 6.2) 

6.51 Demographic 

(1) Recursive model 

~.6-. 52~ :, Economic 

Supp 1y }!odel 
.u"'.J.. [:,""'~,~~~)\_.. ~~;."'"' 

6~53~&Systém Application 

-----~ 
(1) Model ----~ probagili ty ._, 1· 

(risks involved) 
'" • -<' 

.! ' _l ' _¡ • 1 

(2) Data ---::::- goals - alternatives ~ fore,casts: :. 

(3) Validation procedure --:--J;;;::- Convergence 

6.6 Model Sensitivity 

o 6.61 Sensitivity Analysis 
:C"', _: ~ , .. t;. r1 [ '- :._/ .t. ~ 

To determine hmv sensitive anyone of the inputs 'is to the output. 
..... .. =,):.\·Sr (:(~...!:;L~--.:;~}~::.0 .~ 

"!A'l.-1! ''exc'ept one of the var'ial:Jles in a SY.stem =~-E~.::l:te_l,A_,cqnstant;: ,.,This 

single exception is allowed ~o_y~q:·:Y-.JJuough_it:s .. 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. 

hig~er 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 

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



Figure 6.1 

USE OF ESTir~TING TECHNIQUES 
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Cohort an.J.lysis 
Input/output analysis 

~~~1 Orientation 
Econometric techniques 

Year 

1930's 

1940 1 S 

1950's 

1960 1 
S 

1970's 
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Constt·aints 
De~nographic Económic Physical 
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output mc~surc. Mathematically, this becomes a three-dimensional o 
model; the output function becomcs a surface called response 

suc~ace (o: a two-dimension~: planc). 

0.62 Se~sitivity Tests 

Pl.&y a ,)c.;:ticuL:n·ly esscncial role in the mode.L bui:_ding ar..J 

valici.:.t::.on. 7hey identi.fy essential par:Jr..eters and trot:~:_es_.oc.3, 

check the logic and internal consistency, and identify the m~st 

profitable arcas for data-co:_-Lection activi.tics. The relati·:2 

sensitivity of a parameter is an indication of the priority that 

should be give~ to obtain better estimates of i~s value. 

\L) ~ype~ comprehensiveness 

o 
(3) Zxcessive amount of input data 

\4) Deviations from the claimed model behavior 

(5) Complicatedness 

(6) ~echanlcalness - no human interfall 

(7) Expensivcness 

0. 8 J::oC.:e :_ So"Lu tions 

6.81 G~cimiz~cioas - Takcn from thc word, optimum, mean~~~ e~¿ 0( ·~ 

o: nost favorable degree, qua~tity, or number. Ü?ci~~zatio~ is 

a me:t;·wd o¡ solvin0 ¿roblcms in a common scL·uctu::e: 1' ¡ l 4 -o 11 .. 
\. .-::OuC:l , 

.Zo,: the v.ttainmcnt of BJ."1 o¡:>tÍIIlum in a syster.1 v:>hicil. c.:J,: o-: c. _·..::e-

t:erized mathematically. The practical attainment of a:-. O?· .uill 

o 



o ~;:: .. .. .. 
design is gcncrally a consequcnce of. a combination of math.:::r,.tic~l 

j ~ 1 

..,;_. ¡ • 
· ¡ of. the_scientist and~engineer. __ .. 

1 " ' ' "'~ {.. ~- J. ' - ~ , \ ,.) .... ~' ' '1 ~ • 1 ) "- ... ¡ ~' ' ' ' ~ 1, l • ' 

,, 6.811". Variatio.nal,_Method - A~sumes that <l;. p_~elirn,ina,ry specific;:¡t::_on 
,_ .. ~~, '~ '·. ,;,;.,- ~'".' • ..,,..__,~"-· -'-'-.;<-4 •.'!",..,.,:, A •,_,_; ,,.!: 1.1., .J ~ ~ •>• ""-~ "'"-"'1,... 

'·' ) -
., h~s ,been If~ade ~n,d: then inql.ftres __ abo~t t~e e_ff_ect of smali 

• • • .¡ • '!u ~ " ' - -. ~. 1- • ' • ,,.., .¡ -t .. "'J .... • ~ •• ' ·;:: .¡.Jo 

, changes. 
~ ~ ...... d .(~l.l,~l---' ...... .' 

(1). Leads -to "nec_es_s~;ry ,cpndi,_tipns:, _or _equations which 
::.: '_ :_:_ • •• >;.~ • 1 .._, -~ • ' - < • \ 1 J 1 '- .•. J( • 1 • • l. ¡ • 1 • ~ ~ ( ' ' r ,• 

., .. define optimum. , 
' ~ .... (J ! '.. • •-- 1 • 1 ) . 1 1 J;, :- T "'l' -~ .. 

• - J ' 

',, _ (2) An:aly~is ,of_ th,~ _ef_fe_c_t~ '?~ _sm~J1 p_~rtur~ations about 
·~~· r,\ •-:Jo ·'·~1- '~·J.._, •• . 1.J.~ .... ,,_..)J • .L ~• •• 1 :;.._.}, ~' 

. , a no~oetima1 ,sp.ecification \e.asis to COfi)P!-1~-~o~al procedures 
~ ....... .J ..... .,~ ~ _J , , ! - \~- ..J •• :., J 1 , - c. \.. • ¡~ r.... .; <- ~ ~ ~.J .... c.'"' _. 

(3) Provides a 1ogi_c_al frame>vork_ for studying optimizacion 
_,_,,_,..,_-r: ~·-- l~ •• ·~ _._ 

. O in new classes of systems._ . 
1 '_ .. - ~ ..._ -' 

6.812 Perturbation Method - A method of s~qopt:imizing >-titi1 
'¡:': • .., '¡ ¡ -r ' ' {'.J 1, .. \ 

' mathematica1 charac teri?a~iO!=l .of _a sxs,tem v1hether the 
' k ~ •• ¡ -~. \ ' • t_. t ¡ \ ·~ 1 

problem is mathem~ti_cal, Q:r. experifl\ental or.,a judicious 
-> • ..._ • ~ .._ _.. \ , _ 1_. J -· , ' ' _ ~- e·, t , ~ 

combination of both. Expressed by a. ~egular el1iptic 
\j .,__,; '·;,_,. \. ' ' 

curve with continuous mot~on,.,· .. , , 
\,"'J..J \.J..t.~~.,...v r;~> 

6.82 Simulation 

The word ''simu1ation" has a wide variety.. o f. meanings. In popular 
\ 1 ~' ' ' -,_j, •, .,':t) 

usage, it is often a fancy term for an imitation •. Hpwever, 
:;,!""...c...,T.,::._; ~~'-~' ·~,. ,;~· t..~~. 

"simulation" also may meal)., si~p1Y..~t,f\,at one th-ing is much like 
.... ·-)·~'f, •. - .... -~ .. ~·' 

nnother, th~t it reprodu~.~s _ th~ chpJ?nctcris~ics of something 
~ (- ' ¡_ " ' ; < • 1 ~ .... ' ' ' ¡ - ·' }' 

c1:.;e in ccrtain important rcspec~s, but;: is o,tllcnvisc somc\Jb;¡t 
: . ,.., [ ~ 

different. Si[llulation h,a~ certain character.istics arid 1acks others; 
~ . . ' ~) . o 



it is possible to lcad the inquirer slowly toward the more 

comple~e comprchension. 

A simul<Jtion is a spcci.::~l kind of model, distinguis:1ed oy cr.E: 

iact that a simulation is a dynamic or operating r..odel; there:':or~ 

changes over time in the model correspond to ch<:lG.ges ovcr tir:;e in 

the system being modeled. The term simulation refers to the 

cons truction and manipulation of an ope rating model. 

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

therefore, must try not only to huilá a model of system structure, 

but also to incorpora te systec:1 processes. In cloing so they 

abstrae t, sir<1iJ lify, and aggr-egate, in order to _í_;-. troduce ir.to 

the model more clarity than exist~ in the referent system. 

6.821 Simulation Processes 

(l) Abstractica 

(2) Simplification 

(3) Substitution 

6.822 Simulation Benefits 

( , ' 
l.) Economy 

(2) Visibility 

(~) Reporciucibili ty 

S<Jfety 

6.823 SiffiJlation Gaming 

(2) 

/')) , ..... 

Dccision N<:1king 

Sy~;tcms Analysis 

Tcaching 

(4) '.laeory Exploration Research 

o 

o 

o 



6.9 r~cc~t~intv Problems in Modelling Development 

Ü 1\.¡o principie types of ·uncertainty can be identified in· plannlng for 

o 

! 

Ül~ ..:u tu re ~vhich are also inherent in models. ., . 
' • ' ~' J ' ' • ~ 

:. ... ~.; _, : ' ' ~' ' ! • -

.6. 91 Sta te ·uncertainty is, t'fl,e: prp_blem of inaccurary of needs and 

undefined. obJectives .. It ~s related ·to··.the• quanti·ty and qunlicy 
~,\ ~J ~~~~~ ~• ~~ -< '.~. • l, •.v ' 

1 

of available data which is caused by a scárcity··~f' reliabl¿ 

kno¡.¡~edge. State uncertainty is basicalfy· a dat'á .próblem· ciue 

in par~. to-cop~inuing broa~· institutib~al ind soclil"changas. . . -~ ' ' 

~:9,2 P~~cess unc:,e.rtail}ty. is the problem::of unders.ta:nding hoi·l the socio-

economic system operates as a process. It makes it extremc~y 

' 
difficult ,to ¡fprecast· even ,.the' ·rel<hivé short- and long-ru::. effects 

~ _, ) • ' - l ¡ - ~ • 

of alternative _s,trategies. ~ Theoretical 'móéléís' of causal ar.d 

... , . ~. .s truc tural.,Iel§.t_ionships perform ·this type·' of · system· ·simul;:.:::.on • 

6. 10 e:-os S :-.Corre la tion ·.-Ana lysis 
• ~ r -

Ne'""analysis .. ,te,chniques, are· .beginni'ng'~tó ·be ap'pÜed J (vía .'~at'rices ;;:.r.d 
~ ~. ---· J ... -

u.odels) in technology assessment. 

-ir.terdepcndence, but their applicabili·ty and in'terpreth'~ion are limit.:!u ~y 

the levei of measurement scale developed. The)T' ·at.tempt to combine the use 

oi 11 judgm~nt" (soft) .data ~;ith hard.-

6 •. ~9-1 Cros.~-support ·., ( ·; ¡ ~ 1 r , 

.)Jsed .. _to .determine .tlie~ support ·effect ·.of each it'em · of 'a· fiel¿ o;:¡ 

all other items 

(1) Matrix 

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

matrix elements. 



(J) Scale is ordinal. 

(~) Cannot be su~ucd numcric~lly. 

(5) Sum of "like" numbers diagonally would indicate rel;;.:.:ive 

total cross-support of each item. 

(6) Sum of rows can be rated numcrically to indicatc items total 

e ross -support. 

6. E. 2 Cross Impac t 

Used to establish the change in the probability of individual 

events with the occurrence or non-occurrence of related events. 

(l) Matrix. , 

(2) First colum..""l indicates the bcst estímate that an cvent will 

occur, independent of the other events. 

(3) Elements of matrix rated by panel of experts as positive or 

negative, depending on enhancement, inhibition, etc. 

(4) Example: Given Event l will occur in Time 1, how woula the 

probabilities of each of the other innovations be affected? 

6.10.3 Rclevance (Figure 6.3) 

Used to establish the relationship between two fields by considerin3 

each item within the fields. 

(1) Oldest of three. 

(2) Matrix. 

(3) Assigned "value" to technology involves subjective j úd:;:::en t • 

(4) Examples: PATTE&'l", PRO:?ILE, QUEST, and the TRHIATRIX Technic;u¿s. 

o 

o 

o 
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BUDGET AUTHORITY AND OUTLAYS BY M~ENCY 

(IN MILUONS OF DOLLARS) 

DEPARTMENT OR OTHER UN lT 

LEGISLATIVE BRANCH .................................... . 
THE JUD 1 CIARY ...........................•.•..••..••••...... 
EXECUTIVE OFF. OF THE PRES! DENT .....•..•.•........ 
FUNDS APPROP. TO THE PRES 1 DENT ................ .. 
AGRI CULTURE ............................................. .. 
COI\~fV\ERCE ................................................. .. 
DEFENS E-M 1 L 1 TA RY. ..•........••............••..•.•...•..•. 
DEFENSE-C 1 VIL ........................................... .. 
HEALTH, EDUCA TI ON, & WELFARE ..................... . 
HOUS 1 NG & URBAN DEVELOPMENT ................... .. 
INTERIOR ................................................... .. 
JUSTI CE ..................................................... .. 
LABOR ....................................................... .. 
STA TE ....................................................... .. 
TRANS PORTATION ........................................ .. 
TREASURY ................................................... .. 
ENERGY RES EARCH & DEVELOP-

tV!ENT AD~.~~ (~ . ............................................ . 
E~JVI RONMENTAL PROTECT. AGENCY .................. . 
GENERAL SERVICES ADiVIIN ........................... .. 
NAT'L AERO. & S PACE ADtV\IN ........................ .. 
VETERANS ADMINlSTRATION ...................... : .. .. 
OTHER lf~DEPENDENT AGENCIES ....................... . 
ALLO\IVANCES .............................................. .. 
UNO 1 S TRI BUTED OFFSETTI NG RECE! PTS: 

EMPLOYER SHARE, EMPLOYEE 
RE TI REMENT .......................................... .. 

INTEREST RECEIVED BY TRUST 
FUNDS .................................................. .. 

RENTS ANO ROYALTIES ON THE 
OUTER CONTINENTAL SHELF 
LANDS ................................................. .. 

TOTAL BUDGET AUTHORITY 
AND OUTLAYS .................................. .. 

1974 
ACTUfi.L 

625 
205 

66 
3, 329 
9, 767 
1,455 

77, 625 
1,682 

93, 735 
4, 786 
1, 779 
1, 797 
8, 966 

735 
8, 104 

35,993 

2,308 
2, 030 
-276 

3,252 
13,337 
13,742 

-3,319 

-6,583 

-6, 748 

268,392 

OUTLAYS 

1975 
ESTIMA TE 

744 
308 
109 

4, 607 
8, 756 
1, éM 

83,493 
1, 928 

109, 932 
5, 517 
2, 236 
2, 061 

18,966 
871 

9, 142 
39, 665 

3, 090 
2, 937 

-1, 008 
3, 207 

15,445 
15,935 

700 

-4, 070 

-7,769 

-5, 000 

313.446 

1976 
ES TI i\\.f\ TE 

882 
342 
h 

6, 610 
9,óó2 
1, 789 

90, 775 
2, 005 

118,377 
7,055 
2, 503 
2, 221 

22, 617 
950 

9,991 
43,453 

3,815 
3,080 
-476 

3,498 
25,576 
16,712 

8, 050 

-3,888 

-8,305 

-8, 000 

349,372 

L -
y 

o 

o 
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COORDir~ATION OF SCIENCE & li::CH¡~OLOGY IN THE fEDERAL GO'Jf.fH\lf,~~NT 

-
.Y.J< ' .,:.-il~ • 

\~~;'~'1f1 ~~~--~ 
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''i b. 

THE PRES 1 DENT 
OF THE 

UNITED STATES 

OFF 1 CE OF MANAGEMENT T ~ 

ANO BUDGET 

1 POLICY CON5ULTING GROUPS 
ASSISTANTTOTHE PRESIDENT 

"'"-T~- DOMESTIC COUNCIL 1 FOR ECONOMIC AFFAIRS CEQ, CEA, CIEP, OTHERS 1 
1 
1 SCIENCE ADVISER L ______ 

SC lEN CE & TECHNOLOGY ~--

POLICY OFF ICE 

FEDERAL COUNCIL FOR 
SCIENCE & TECHNOLOGY 
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1 1 r 
' 

ATOMIC NATIONAL 
S TATE DEFENSE ENERGY NASA SCIENCE 

COMMISSION " FOUNDATrON 

1 

~ AGRICULTUR~ 
L_ --- ----~-------

HEALTH, EDUCATI()N & WELFARE 
COMMERCE 

NAT IONAL INSTITUTES OF HEALTH 
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NATIONAL ACADEMY 

OF SCIENCE 
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l 
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NATIONAL 
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Chapter 7 
_; ,~" ) l~ ~1 ;·J ·~· 

QUALITY OF TrlE fu'l'VIROmrENT 

;, f ' ' .~' .# : " '.t ), - ~; ~ ~ l \ ... •1' 

G~P d'óes not and· cañ "íiot"possibTe-·meas~Í_re_ evenrtÍ1i.~g· _that i~ ·-;~i~vant 
<:l'?J~:J .. ~f..:r;:: . .~~ ~,r j-' ... -,~.r ,_.,f:):,: .... !-J''l J ~· .. \ 

to our feeling of well-being; it is only a measure of our production of 
"-,:-;-~·1., ~: -., ,r•:. r __ ,_., it.f t-~':::~\-:.----!~·~~l ~-,r;: -:-h:FJ., · t .. : ... <V;..:.\ V -o~·-:l;~.l, t J) ,·¡ 

í 

goods., Hany activities of production, movement and consumption,~~hough do~ 
~:-~.:.r-.:.,.4 ~·1 3 :] .. : j~"'_..·:·._'~~i''_.. ~: .. :: /:::··~¡_,,_ .. "' \.:/ 1 

unfortunately, inflict unwanted pen.;J1ties on others. The fear is tf!at such 
··.~ ~-~· .. J-;rc'J:.~ ~:>~:;~· ~.;~-~ _:,_ ,,J..,~;-~jJI~;., :;<r.-. J~ ... +·J:.tt.~-,o~r: ·:·1;_ ::.!,::}-i~'h_¡.· ... ,..~.:~ -."~./ 

un~vanted effec'ts may grow in importance as popu1ation\': and incomes increase, 
'·1 \ _ :;.~ .. ~ . , , _.._ ~ _,-. s. '1 .. :. ) :; . : ;, '- j < ...... i - L ... ~ ~ . .r· · _: · • .: 

leading to a deterioration in the quality of the e~vi'ronment. It is this 
~ .. :· ~i.. :·.- ":)' .~, _: >-, ~ '_; - '7;:1 

quality, present and future, which is beirig measured by various indices 

other than GNP. 

- .. ·-

' \ 

~.11 ~Mater•Pollution• 

,i 

7.13 Chemica1 i·subs tanc:es.,such< as .pes.ticid·es~; '· ..... ·•.1·;~- .. •r 

7::14 :JUrban. d~ve1opment.~ '") '-'~ •. ~ ''~· -. -· ,- · ,.;; · · .. ) 
Land Pollution 

.7~ls-~:Rura1 ·development·~1· ~. " ~ · · · · 

¡ :;; ~ ' . ,, . 
. ' -

7. 2 Problems in AchÚvin& so;ut,ions 
"···- .:;;e "/-,··-·--,,r::;,,'i,!J~; '::· _(1~__,-j""·,•~ (.,:~·,:,)~;~;.~~.J.) t'J{J. 'J'F-1·.; ~l.:- i 1 

1 ~ '--.) 

7. 2,1 A search for systematic evalua tion of ext~rnal effects of many 

activities is still going on. 

7.22 The processes affecting the qual~t}'J of,•the.::physical'· envi:ronment' 
- -~~ ·--~- ._, ___ --- ~ • --- .... -<- _ .... ,_,' 

have become increasingly subtle. ' t. " . • (' .• \ -

7 .23 .. The._ demand· for .. a "good phy.sical ~environment. can· be exp·ected to 

grow much .faster than population and even ,per.~apita income. 

¡, 

\ 
1 

) 



7.24 TI1e doubts about the ad8quacy of pre~ent institutiona1 arrange

ments to deal with the environmenta1 prob1ems. 

7.3 External Effects of Change on Environmenta1 Prob1ems 

7.31 Reasons for externa1ities 

(1) Techno1ogica1 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 Re~ults of extet~al effects 

(1) Misallocation of resources 

(2) Misallocation of production 

7.33 Ways to handle a1location problem arising from external effects 

(1) Units that generate the effect to come to agreement \vith the 

recipients of the effect on the proper leve1 of the effect -

perhaps \vi th a payment from one to the other. 

(2) "Interna1ize" the problem so that a single economic unit vlil1 

take into account all of the 1osts and benefits associated 

\vi th the effec t. 

(3) Control production directly, perhaps by governmental operation 

of the activity that produces the external effect. 

7.4 Indicators of Water Po11ution 

7.41 Degradab1e Pollutant 

(1) Aerobic degradation - stream se1f purification; reoxygenation, 

oxygen sag. 

(2) Anaerobic - use of organical1y or inorganically bound oxygen, 

o 

o 

o 



o 

o 

o 

breakdown of ni trates, sulphates-methane, hydrogen su1fide, 

foul odors, 'aestheticaÜy offensive:· 

7.411 Temperature 

7.412 Reaction rates k
1

, k
2 

, ¡ ":' [~ r:; ' , 1 , ') ~ O': .._~1 '~ • t--_. '" . _.. _¿ 'J j , . ~' 
1 

• ~j,j ,... >) 

7.413 BOD, con, TOD, Toe-, etc. 
. ,-

7.415 
t ._: f' .J ,/ ;• :; '. •"': ~~ )' t V¡ ' ~ "' ~ .. 

Bacteria . _ , 

~~~ ..... ¡ . ::-r:; ~:.!: '•"'¡ '~"' ,..~r '-,'' -."'_t~ '7' )['"'~. ',. l r 
7.42 Non - Degradable Pollutaií.d · -·~ ····"· 

7.421 Inorganic substances-inorganic cÓÍlbidal matter, 

ordinary sal t ~d~ th~ sa'i'ts \ 01

f num'~~-ous \leavy metals. 

·¡ 1- ' ) • \ ... ~ • " ' ' 

· 7.422 Toxicity 
r.::.··~ r ,..,· .... "{', ~ 1 ~.~, ~ .l., ' 1, ~-, _, 

7.423 Chlorides, etc. 
•'1 _; f "'-~ .;~ : 

7.424 Corrosion, Sca1ing, pitting 

7.425 Wat~r-3oftcnin~ 
, l .¡ ' . 

~'-· o;.J (·~J.:.~ •\ ,·.,- ... ...._)-,' 
7.43 Persistent Chemicals 

.... . ' "'""' ·~' 

(1) ABS·, Pes ticid.es ,' Phenols". -·..:. -

(2) 
\ ., ,,', • ~' ' ; • ' ,- j~. ' .,. >' - - ... \ --,.' : 

Long 1ived radio nuclides - radio .active was-fes 

7.44 Areas of Research in Water Poilution 

(1) 

(2) 

(3) 

: 

0

• 0 r
1 

• o ~ "'"' ,.. • o J 1 ° ( ' ,' • , 

Costs of Water Qua1ity deterioration 

i>rob1ems in devising-· -~, siste-:n ·af ·e¡·~aÚ.ty· control 

, -, :.• (-, , ', ~ , ' ; ~: ... (,~ ~ , .- r~· - ¿,_ ~ •• '~1 ::;~ . ~ : ~ ¡J ~ ¡ 

Insti tutional arrangements for qua1it'y man·agement 
,. 

7. 5 Indicators .of Air Pollution 

.7. 51 ·' Prim§.ryr P.oP~t.~t~.o -. s_tab~~. poq~t_al1:t~, .~.~~t are not, ~~anged 

in the· air and consequent1y are compar~tiNe1y eq,sily,. tracked 
1 - '• ' ,. - > ,. ' ..-' ~ ' .. - • '1 ' ' \ ,, -

to. thei~ source •. ) -, } ',•¡ 



7.511 Sources - industrial, conwerc~al, domestic, transport, 

agricul tural. 

7.512 Form- 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 atmosphere. 

7.522 Los Angeles smog - 3 million cars emit 8,050 tons of 

CO and 1,650 tons of hydroca~bons each day. 850 tons of 

oxides of nitrogen combine with other ingredients. 

7.523 Effects - eye irritating, breath-taking. 

7.53 Problems of Air Pollution 

(1) Morbidity and mortality statistics suggest that co~~unities 

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, arte~iosclerotic disease). 

(2) There are fewer means of dealing 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. 

o 

o 

o 
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o 7.ó Indicatorsin thc Use of,Chemicals as Pesticides 

7.61 Effects of Pesticides 

{1) Increased crop yields 

(2) Improved quality of crop 
~ { ; 

1 • • • ~ " 

(3) Reduc.tion of the f~equency of years wl th Very· low, yields. 

-(4) 

{5) 

(6) 

{7) 

' -' 
1
• ~ ' ' : • 1 1 : • '" !" 1 • 

Reduction inl.the tcost .of produc.tiori of food. 

'" ' .. ,, • : '1 ' ' ' ... ; ' '; ' 
Reduction in the inci:dence of mala·ria· 

Acute poisoni~g \~ ~·b-~ut half of. thé~e .iri ::.ch.ildren 

: ~ ·~. ~ f J. ~ • ' "¡ > ; j • J- ,· ' ' i "' . \ ' ' 

Long erm .effec.t·s on huma., \upon p'rólo-nged ·exposure to pesti~ 

\_ cicles (pathoi·ogical & ·genetic) 

{8) :Acute .effects ·on 'tvildlife 

7.62 ·Regulation 

' ' 
(1) U. S. Department .of Agricul,ture ánd H. E.·t~. 

o {2) Food awl D.cu¡:, Ad~~inist:-<J,tioñ 
~- i . 

' , .-1 r' 

(3) Tolerance evel ,generally 1/100 of the threshold· level 

: ¡ ] ., • ~ ' ;_, ; ~-. j 

7. 7 Indicators of Cost in Urban Development. , . 
'-' 

Cert:ain costs resul ting from noise, ·Cong~s~ion,, dirt and" foul a ir 

are associated with the benefit·s of the c_ompact· habitation affo.rded by 
'' .. ' 

urban areas. 

7. 71 Imposi tion of external diseconpmi~s . .· ._ 

7.72 Environmental perception 

7.73 Social psychology 

7.74 Aesthetic prefe~ences 

7.75 Areas of Problems: ,, 

(1) Transportation 

o (2) Housing - slums 



(3) Local governments o 
(4) Utilities 

7.8 Indicators of Rural Development 

7. S 1 Higlnvays 

(1) Increasing volume of traffic 

(2) Increasing number of cars 

(3) Increasing demand for services 

(4) Increasing number of structures required 

7.82 Mining 

(1) Ubiguitous 

(a) Sand and gravel pits; clay pits 

(b) Limestone quarries 

(2) Strip mining - coal, minerals 

o 
(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 
<1 

(2) Seashores - beaches 

o 
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PESTICIDE POLLUTION 

Land Treated wíth Insectícídes in the 48 Contíguous States, 1962 

Type of land 

Urban or built-up 

Cropland and cropland pasture 
Fruits, nuts 
Cotton 
Vegetables 
Graíns 
All other 

Desert, swamp, dunes, and 
>víld'la¡-¡d 

Forest 

Grassland 

Other 

Total - 48 states 

Total acres 
(millions) 

53 

457. 
3 

16 
4 

217 
217 

77 

640 

630 

78 

1,935 

Per cent 
treated 

28 

15 
80 
75 
50 
15 

9 

3.2 

.28 

.25 

4.6 

o 

o 

o 
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7. 9 t'r3<:1c--~Hs 

Th·~-r~ r~ an 'exchange of p~o-ducti'óñ vs. pollution affecting environmental 
"í ~ ) • ' - • 

.. p~~b·l~ms a·¿d their measurement'. 

Urbah 

·Smoke 
-Smo'g 

~ ....... ) ~ 

.Noise 
t.~' • ..¡_ l- • 

·cOdor 
\ !.. ~~.__.\,J._' • ' 

c~~-9~4~~~··· 
~orige·s tion 

. ... - ""' ~ .. ' ' -
~A~_. ~ , ' • ~ 1.~..,. •• f • • •• .-. 

Job opportun~ties 
· H.igh. inco~e 
• e: • .... ~ " • .,.. • ''.. ... ; ·~ 

Better education 

. . . 

:).gffcu:Ftura:l 'C::hen'ii:ca·l 
:trosi:on' · · · 
·. 

· .. · · ~ ~:-~e ,_ : ~<.. .. "~ t: :..'.: r !.: :} , - ' ; , .. ~ ( · . .. --~ ~-. ': ~ .. ; ..... ~" í · _ -~ __ -... : · · ' 
7 .10.1. Indícators of·Qualityc for:'phys·ical~~a·rea -·"· :.·· 

... 
:• ~ . 

'7 ~ 1ó. 3 -~- -Re.qu-i:~ed·_ for ~~j ~;_,: "d-~vé:i'~~meh~-~ 
- ' ' ' ' ~ '' r -~ ' 

7 .10.4 Int~'grat~d ·sy'si::eíus. 
} ' 

'.' 

1. 

~ . L 

'.< 
•' 

}1 '•i .-, 

. . ' ~ ¡ ' \ ,, f 1 • 
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!' - • ' 1 
O.(' ¡.. n \" .. ,.. -,~, .... e ~'l":''C 

1 i--!ivdVHI ~ iii.C.) 

On l\!:1 y ~. ! 9i3. the Co!..illC'll on En
\ 1: o:1~1c:-.i:1: Q:.::-tl!ty pt,'ol:~l>cd m the 
Prl!Er.\!. ?.r:c.rs::E~. fOJ pubi:c co:nmcnt. a 
p! Oj.)OJCd ll'\·,~.J:l of ltS bU~2.~!~:1C3 for t~J.e 
?~'-::-:::~.!·-:t.!-J!'.. ,..J en' J!'0!~~"'~~!~~·'! ~'""'1""'':'t 
s~;:;:~~:n(.·:1r ... ~ Pt,r.su.1n:. to U1e :~a:.l.c;-:.:.1 
?~.1\"1!0:-:::-.(; 1 ¡.~.1 Pú!,l:\· r\ct t? L Sl-l~.J, 
-:~ w 2 e -i3~! e~ .~ce¡) =-~i'd :::· ... e::u~ne 
(t~-.10::" ~1:-~~ :3.) r:: .;:-~";, ,~:l iLUC!al 
C.L · ... -u ~:n~:1: ;, :.gc!Jc~e'3, ar.~.d (.::-~c.r...~::-.~1-
rr.C'::t.:: ~~~ rrc;-...urcd to prerJ<,re sucn ~~::.t~c-
n1c.l~~ ¡:1 con"'~':.'C~!on ''1¡,~1l!~c:r p:,lpos~d:; 
io.· l~.;;-:.5: ...... l.0:1 and o~!1~r :1.:- :~,~ .Fc.:: ... !c!·al 
act:o:~:; .3l-=~--C'~c.::;.:1L.ly ~rrc(::.~,!l=! tPe QU.lllty 
o~ tnr. I~,__!.:·-.:!1 P.!l"\llGlJ.:nc:l~ "..í . .'he aut .ot
¡tr fa:- t!:~ Cú~:1CJJ e; ..-~,¡c:c!¡q~: ... ¡') s~t 

f~. ¡h bc!:r;; !ll ~ 13U'1 l. Tu· ~;:;~~~:;k pol
lc~c:::: to u2 ~~:1:~1crr1cntcc~ t·. tne !;UI..a:.~.!nés 
15 ~ct í0rt:1 o(']o·.\· m ~ 15GO 2. 

1 r.~ Cot.:1ui recen cd Jl,!lnero\13 com
mcn~-> o:1 1:.S pro¡:¡ooed ¡::~:.;d~l,nes f:o:n 
i':1\~!0:1!!H?!!l~t! c·¡ot~,'" I~eC('!id. St~~te, 
:1~--j loc:,1 :~;cnClL:. Inc..tJ:-try. ~r-d p¡ ~\'f'.te 
.~.::c..,\ ICU~l~ 'I ~~o f~C11('!·;:-¡} th~ rne:i y.;~¡ e 

p;--l''C.l:·~C 1:1 ~!1c r:~;l'rJ'l"~.-\ of L!C cD:n
n~-;~~t'-: :!: 1"'-t, t~:c cc~ .. ~1~·1! :..!,c:.::!d 1·1~:~·.:.3!' 

'~:e o¡;")_,' :.~nlt\· for pubJ~C !n\"ol·:c~·:rc""""lt 
B\ t...r .. n"',J·, . .:: .::·~·0:-11c~~ pr\¡rc • St'co:;cl, 
tnc Coü:lcll ~hould pro> ,de more detxl!!cd 
P'llJci:n~r:e on the rro;ponsJbd!tie~ o! Fed
tr..,¡ :.::r::.-,•-~ ¡;~ ]¡,_.¡¡ Of lL(.(•:1!. COld't 

C.L.t l<J~rJ!:.'". J.:',¡\c-r'lC·llnll ~!1r• .-\e t. Tl1~ p:-'l .. 
J>O (d ¡.'U.C.L!JrJC~ h,t\'e IJ('l':1 T':!\i'·Cll 111 
l:·.:!•t 0: ~he rpN:¡f!c co:11:nrnts rc.lat.ng 

to t!:.c-'e g-e:1er~l ther:1es, a.s wcll ;:¡s other 
co::11ne:ns 1 t:ecn cd, and are no'.\ be m¡; 
:ssu~cl .:.n fl~1:il fo1m 

T..Jc ¡.;u~~.::c~~:1c.:-; \\ ;11 :: 'ü:)¿:-~ :-- !:1 t he CvG.e 
o: l,~c..c:·.:ll-:~:: ,~-::;·:-:-; 1:: T:,~c ·~0. C ... ~.:---!::
tc:· V. at ?1rL l'jl),J T!Jt'l' .nc l:>c¡r,g cc-.:1!
ñL:.!, 111 p;.~ r Lcc.::t:~e t;lt·y <~·rc:t- S:.'"t~e 
::1:-".~.ú 1oc:d ~j\(!a:;!lP!"'i'l.l n-,:rr-:;.::~~5. ~:1·.:~-
1 OY1rn~n~~l ~! o~.;~s. l!lC'..1't ~ ~. ?.'"Jd ;11 !'/3.~e 
Inc."'da'-1.--.~~- l!i. :--C.:~1~~or. t.o l·,_~·:·.a1 a:!2ll
Cies. to 1·. ;,:c;1 tr.ey ;.;e ::;:x·: •. 'ic::lh::- dz
rectca. a:l(I the r·:::-~¡n~.-~t ne~j t.o ffir.ke 
ti1e1n v;¡dc-::: ar..:i 1 cac.:l:¡ a \'Uú>,ble. 

S ce. 
15!'!) 1 
l;jOC• 2 
1~:,1 3 
¡sc14 

1500 5 
15CIJ G 

1~00 7 
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~~"";'"J'JSC a:1d e.'l:thorny. 
Púl•C)'· 
.'l .... :.y a:1d O':U procr-'ii.lrcs 
}C :;_ral r<:"Pf!C n: l. ·Ju-¡:..~:; C'~€~t of 

t:.c act 0.1 e\.tt:.:ln;; r~r;enc.v ¡nan
d~Li.C") 

l :;:~e-> of act!o'"'.!; co-.cr('c! b~ t:1e act. 
Id.: .. ·~; J.¡r~ 1r~1_:0:' hC;~·C'l•., E-!::;r.ltt

..... : •. •, o.: (.C':.. r~ ~J1r• t rl\ •;0, n1\: l'~ 
PrC'I_, .. : •. i~ d:-~.~·. cz .• !"o.~·ur1f'nt:1! 

~t .. ~otcw,C'n's. nub!J: 'l-¡-:_·.-.r.1.:..~ 

C•:l· .. t.,~~ cr c·l\ ,;) 1.!.~nt~ 1~ ~t::..t(.'· 
r..1!:'I' l~. 

Re\ Jo:",\ o~ d-aft r·1· :r¡:--rr('·~..:d 
·~~. 1• :-::-:e .l' .. c:; ~,..,_~· Fc.. ,_r; .d ¡ t t:L ro.!-
s.,.~c r.:ld locr.l !.bCl•C!C~ ¡¡,ud l.Jy 
thP puhl:c. 

PrC' . .t .~·.o.: ni•d ~in td.'l.tlc~n of .fiz.ni 
Cll\ .•o .• n'cnt l. ~.':. .tcnlcn~ 

Tr .zL:-l~l·t.:J e•: ·.t..~._r:¡f'l.:~ t.o tJ,(! 
C'c..sttllLl! !1Ll1l'"':lt.;n '¡J<.'r::-•do;; forre .. 
\"leo\.,' !"t.r¡d_· t< .. UJ t'.(' Co .. .a.cü. 
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or ckt~ lls of tnc propo~ccl o..c~wn whlclt m:ltt'n;<l~ dC\olrd to an nct,on. "Rc
sm,rccs' "-l ,o mCL!1S t!1c n.1 tt:ral nnd cul
tural rcsources comnllltcd Lo io"s or dc
stn .. icth)E bv t!lc 2.~t1on. 

< 31 A.'1 :;1d:c:. t:o:1 o~ \1 h:ü oll1cr in
tcrests and con <;Id~: ;<t:ons of Pc·dcr:ü 

11 ould Jlll'~<'lll d1Hrrcn~ C'll\'l!"ü!ll:lr;ltal 
!m;J.lcls (C r,-, r Jol!n[~ pom!s 1 s. ccolmg
lll\1~::, ior 'l. pc'.lt!l plant or wt('rnatn·cs 
tlla~ 1• .. 11 swmra·a¡¡tJv con<cnc c!lcrc;y); 
aJ:,·rna:I\'C mca.,UH'S to Jll 01 1dc for com
prn<•twn of íl!:>ll ;1nd 11 tldl¡fc Jos:;~s. m
cludlll¡: thc acqt.Is.: 1011 of Ja:1d. 11 atct s, 
oncl mtc1c~ts lllC!t'l!l In cacll c::sc, tllo 
an:1l1 ~1s ~houln l1c ~:..fflctcntly dct~:lcJ to 
1 c1 c.ü lile a gene:, 's CIJ'n¡;~t ~ 111 e r·.·alua
t:on oi thc cn1 n o:uncat::~l bc:Ic:its, e o~ t.., 
a::d !l., k~ of tilc prcposcd :1.Clion :tnd c:1.ch 
1C:t.::o:1~wle al:crnati\'C. \'.'l!crc rn c'\tst
mr: ¡¡;:p::~ct -;t:.tcment ali.:~dy cont::cms 
sucil an analys:s, 1ts t1 ca:ment cf altcr
n:-ttl\ es may be mcor¡¡orated proncicd 
tl1at sc~ch trcat:ncnt ts currcnt n.ncl rclc-
\ an t to thc p1 ectse purpose of tll.e pro
poscd actwn. 

<5) Ar.y probable adl'crse etnhonmcn
ta.l c.lccts v. hh.n c:1.n!1ot be a\ o .. ded ~such 
as 11 a ter or a:.r pollul:on, u:•dcstrab!c 
1:-..'ld use pattcrns. c::t..'1':0~c t.o ltfe s:,s
ten:.s, ut o::m cO!~:;cs; :on. tlu eats to health 
Or OcolCr CO!"!.SC-<;uCli.(~~ ,Hi\C!~C to lne €.'11• 

\:1 ::>It.:ncnt::~l rc.lls s·::t Otlt m scct:on 101 
(UJ of thc Actl. TnLS sl:ould be '• b::cf 
1,1"('( 1011 Sllll'.lll:J.llZ!l1::; 1!1 Ol!C ¡;!;<CC t;w·,(' 
ez1"ects dl~CtLSs.cd 111 P:i.l3.;:!"t;t~1~1 (a,l t3) of 
tnls 5cc::o~l L1~t. a1c n.i.i\crse ::.nd un-
["\ •J.d:.i"' tH"i! u.nc..tr i..!1e pt0Jlo~..;n a:-l&Gll ln
Cl ,(:.::o,J ior' ;)Ul :JG!..C~ of C'";~1 .. l":1.St ::!10~..1.!d 
l.Jc a clcr,r st~tcn. :nl of ha,, o:.:er :l\ clQ
~Lb~c ac:.\ cr~ e c.:~cct.s til;-,C'..L.iz.cd 111 pJ!·a.
g;J¡;h <a> <2> oi tll;s scc~:o:t '\\:!!be mlti
ga~ed. 

,pol1ry are tl:ou<::nt to ofLcr, tllc ;<dl·ersc 
cn·,¡:onmc:H;<l e::ect> ol tnc p1<1po~cd 
act:on Jc!cnlt.!cd ¡mr,u.mt ~o P:ll.<e:I ;<;)l1S 
(;<) <3J nnd Cj) o!: lJ1!~ SCCll'Jll. TlJc ~t:1.l<!'
l11Cllt should al•o !lldlc::.lc tl:c c:-..tcnt to 
\llucll lllC'<: statcd rountCt\'.Ult:IG benc
flts co:tlri be 1 val::ea oy follo .. 111::- rea
sonable al :n n:o un·~ to tllc pro, 1cscd ac
t.0n ;as :dc:1::::ed :n p:c::-..gr:<¡Jll <a) (4) 
Of l.hlS sect,ü!1) that \IOU!d ft\Old some or 
all of the ad1 e: ;:e c:~1 ¡:·onn:c::t::~J crrects. 
In tms COl1Ilec::oa, a;;cnci.:'S that prepare 
co~t-beEc:i t ;<na!•. <('S oi pro¡1ased a.ctwns 
shoulci :::.tt::~cn sucn r.na.lj ~cs. or s1.L'l1-
mancs thercof, to thc em :!"onmcntal im
pact st:. tcmcnt, ;¡;:d sllould clc::cr!y mdl
care thc extcnt to ~ h!Cll C!l\ !f011ll1C!1tnl 

costs h::tve not bcen ref:cct.cd m such 
analyses. 

!oi The re!at:o::-:.:ohtp bctween local 
~hc:·t-tel n1 uses e!' n~2.n·s en\ ~:-0!:~:,c::t, .. 
and t!1c r:.1:..~.nte:1:::1ce ar.d enh[lncc:nc-!lt 
of lo .. 1f;-tcr:~r. ;nc:.:u.ct~\lfj.·. ·rnl.:> ~=(.~.')~ 
~hould co:;.t~~:1 a b: 1cf d:~.:cuc:~:0:1 cf t·:c 
e;o,.tJ.CnL to v.:-dci1 thc pro;JOSC-d. ;:t( clOll lll· 
\'Ol 1 c:s tr adc0:~s bd -;-:e en shon.- t.:: m cu
vt: onmenta.l r·uns at lile cxpcw;c o~ Jo:I:::
tcrul lar; ses, ,or \ 1r:e \ e1~a. a na a cu<.:cu~

: :on of the e:-..lcnL to '' .ucl1 tLe pt opo-;cd 
acuon 10rcclc: c.> :u tul e o;1t.o::s In th!s 
co:1t cxt sho:t- tct :n a::d lo:og- tl'l m do !l.CJC 
!Clcr to ~!l.Y !r"'.c~ t!me prt .. C<t'->, Lut 
~!le-' ,Jd be \ :c11 cd ::1 tet :ll'; of t11c c:11 11 o:l
I;.·,c .. ~~~.l! .... - ~J.t~:l.::: .... ...~.lJ.t .:.on. ...... cquLr .. (. .... ::t o! tnc 
}JI o¡,o<,t<l actJOll 

''' A111 ¡;;~·,c¡•,¡!JJc ~.r.cl tr:ctucl:lhlc 
com~,ll tment~ of rc~ourccs ~ha~ would be 
111\'0l\Cd 1'1 thl" prOj)0' cd act10n c}¡ould it 
1JC !111Ph'llll'11Lt d 'l'm~ rcq\ltll'> tllc 
:¡¡ ~~1•<'\' tu ldt t~t~r~. f:(1:11 1~· !1•'I\</ vf un
.~.\ulU.dJh: un:l.u.t:, 1n p.tta~J ~·Pll (~t.) CJ) 
o1 l!1!'. 'l< t!,•!l i~!'' c··.íJ_·•·L u, \~:'l(ll tl.e 
~~( l!Oil ll l'C\'Cl'>llJ]; CUl laJ-, thc l :J.ll[;C o[ 

:)otu.tt,tl u•cs of thc ct:\'l:onmcnt ,\;;en
etc·, :-.n· tld avo.u con•,t¡ Ulllf( U te tcrm 
"rc·.ourrc:." ,lo me·,¡¡¡ only lile labc•r and 

<~) I:1 d\!rclop¡:lg- the abo,·c points 
rgct:ctes sho~a rr:::~t:e cn•r:,• cr::ort t.o con
Ycy tne rec:u ... rc"\.-: J:-~:..Jrm:.-.t:oZ1 succ•nctly 
1n a fo:m en_::y u:1C.:ers~ood, both by 
n1c:11HJ~rs oi ~tn.c pt..·J~~c u:;.c by pt:.~llc de
c:<..lo:1:118.:..:crs', ti.\ 1:~:::; atlcr.t!o;-. tv the 
3" ... ~;sL;-~~cc Of1 t:~,.; ~::f:~:-r.1:.::v¡"" C.ú.i.l\'C:,. ~ 
ratn~r tnan t0 t-:e p11 t!c~.C!ar fo:-m, or 
ll'l:::tn. or uc~.:ul of t!le st~.tc:r!er:t. L.1.ch 
of tllc [..lJO\·& po:~ts. for e·.;~,n:p:c, nced 
l!Ot a!-;-,·ays 0~cupy n. r.nstc:lct. sc,::t:on of 
thc s:..::--~.t2:~:e:!:t ¡:· 1L lS o~~i.·.:~-.r.:..:c a<~e
qn;-~tcly co\ c:e':! 1:1 d.~.:::-cu-:;E!!'"lJ the i!n¡)~.Ct 
of tr.e pro;;?cc~! 2'2t.c:1 :::::d 1ts r'..1:.C~a
t.·~e3-\-~c;! 1:.~:-üs ~:~o~d no:·:·n~ll"t" be 
tl:c foc·..:' of tllc uattr:.c;-,t D::-aft sGt-e-
r!:cn!.s should ütd,rc te at L, p~roprz~te 
PJi!1tS 1n tnc tc=~t ~:1y tL":.c:·_: :~ !!'"'.:-; stud
lC'~. 10-norts, n11c: e~.::¡· l:J.fc·_--:-:~:!t:J;'l ob
t:-d~!cd J.:,d co:¡::-:c1:l·cd hy t..e ·:·~c:1cv 1n 
!J!Cpa¡:;::r t1

1

1c ~t~:·:::--::C'::t li: ... 1u~.T:g "a:ly 
co~t-bcnc:lt, a~::--~!:;:.es prc,J:-.!·~:1 by tl1e 
n_ryenc,·. :1nd rr;Jo:t3 cf co!~<.;"~~~t~!~'"; 3.2C.n
c~cs t.:r-drr thc I· '""'1 '"''"~d \~~¡,n"·4:'n Co 
OiCHr:~t·.on .. ·~~·~~ lG ·u S C .. ¡ fJl ·~-~--~-~-~~ 0~~~-

1 • ..... ......... ,' '" ........ 

thc' K.;uor.;<l E: k~IC Pr~'.Cf\:<t:Cl1 l>Ct 
of l.~~ ce IG use ~";fJ tt ~::q,, !:['1 e st~ch 
con.>uJo:,:,ú,~ ll~~; l8.·:cn p::.u: . .:.n tnc ca.:.c 
e!· ,t!')~V~!c=~t":: !lot r..-~~r tt:- !:~ c~~.J:; :--\.C
cc:;,~¡b,c ~~-u~n a.o; li'.tcrn~l ~l~'.iles or re
ports), the a;::ency should lndJc:~.t,e how 
.such lr-~c~·:lLlllOn :nny Le vu~~ll!!N.L :U 
!...~lch .. L~vr;-n:-~Lvn ls rt~:c.l.·_j t.o tnc 
:,t:¡ lUlH 11 1., C.ll e ~.])OilJd be l.'l:t'll to Cll· 

.~ll!t l!L .. ~ :l1•~ .,,~'ll' "a.1t It!',.:¡:_ a!1 L.:-.· 

bCt,ILI,lll\' :,clf-conl.·t:led UJ~\nnncnt, cap
a!J,,~ ul b~¡¡,,; U!lt!t!: '>Lood by Lile: ¡ c:ukr 
w.~lwuL Lnc llc<.d 1or U11Juc Lro:.~ 
1 de1 cncc. 

o 

o 

o 
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o 
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nrtlon. nnd with thc nmount of Informa. 
t:on r.:qui:"d .tC lile p.1r::cu!.1r !c•.d oC 
do:d:>:orunar;IJl ;~ 1 plantll:Jg, fca .... ¡IJ¡lily, 
<.!o:'ol!:n. Pt.;. >. In onkr lo cn~urc accH::atc 
Gt:brn;.>twns nn<l en\ lrOI:!!1·:nt.tl :\S'i( '·S· 

mc:1t~. s:tc \L~tts shou!d be madc wnere 
fc.t:;:IJ!c. A;;enc:'e~ ~ltould :ibo t,t;,;c carc to 
~C~r1 t.fY, a~, .. 1 :~. 1 :-"•JiJr:~ ~c. ¡: .... :~ri..: .. tt.a~1 n.:H.l 
~l'L''::th ch.1 :·.:ct•~nstll'S o! thc .üicctcd 
a:ca ar.t! ~1..a:..r ';'-';>~ll., t~o:1 a:·ct ~.:-ro·.::n a;; .. 
:;u:Í-¡plions uscd to Jl!.'llfY l!1e proJcct or 
pro;;ram or t~ G..:~...:rmmc <cc • .m..!.t; y popu. 
latton nnd grO\\ th lmpacts rcsultir.h Crom 
t!:c propc,cd at:twn a:Hl 1!.~ nlt.:-m::tt:\"!'S 
(.f'CC pa:·::;:-.t¡'il laltl>t3•U.J, c.f L:::s 
s~ct!V:l): l!l c..~-:u:-.. <-¡n; t.hc.:c pnpu..!:tt1on 
3'"".;:,€'<.'t.s, a;~:~::~s shr:n:ld ;.:;g·e co1:!-Ht~r~"'..
t!On to wm;; tllc rat·~s of gTO\\ ~n m tnc 
rc':;lCn of tllc rro.tcct co::tail'f'd m thc 
proJCCtlon ccm¡nicu for t.:e \\'ater Re
sources Counc1! by the Bureau of Eco
nonuc Ana!:•sls o! the D~part::1ent 0! 
Commerce :u~d thc Econonuc Re~carch 
Sen 1ce of t!:~ I:ena:-t:::e:1t of A~ric~ll
ture t the "Ot::.~:3' p:-o;~·;t.on•. In an)· 
cH•nt it is esr.::::~1.11 t:1:o..~ thc SO'.tlCi!s of 
dato. u.scd t,. ;dentify, qu::o.nt1!y or ev.llu
ate ar.y a::d ull ennro1:!1:cr.t.ll COia~e
quenccs bP. e~:p:·c.ssh· notcd. 

l:!l Ti1e rc:~.tiom;¡¡p of t!·,e propo~ed 
r.cl:on lo itulÜ Uoe pi,lns. puilut!~. and 
comrols for t!:c atrected a:·ea. Ti1!s re
c;uircs a dbcu-:,-!on o! ho·.\· thc propo~ed 
act10n m::y co:1form or con~ict \\ lth the 
obJect.\·e.; a:1d ~¡-.ec::'!~ te::::~; of ar:pro\'Ed 
or propcscu Federal. Sta te. a11d local 
la:~d us~ pt:ms. poitC•t:S. :11•ri cct:t:·ols. !.f 
an:;. !o:· the a:·;:-a a:YccteC. induc:m~ those 
de\·e!oped in response to tl:e Clean A1r 
Actor thc Federal Water Pollutton Con· 
trol Act Amcndmcnts of l!J'i:!. Where a 
conf:1ct or i:ICOI:s:~teacy e:-:1sts, the slate· 
ment sh0uld descnbc the extcnt to wh:ch 
thc agency has reconc1le:l its proposcd 
action v.ith thc plan. pohcy or cont:·ol. 
and the reasons \\ ny thc ar;encr has de
Cldcd to prccccd not·.\ lth:;tandmg the ab· 
scncc of full reconc!hat10n. 

<3> The probable 1mpact of the pro
posed acllon on the env1ronment. 

<1> Thls req:lirc~ao::encies to nssc~s the 
positlvc and negaltvc etfects"of thc pro· 
poscc.l act10n es 1t alTee!.<; both the na
tiOnal ar.d internat10nai' em•¡ronment. 
'I'he attcnl10n glven to cilr:'•)rent cnvlron
mental factors \\111 varr nccordmq to the 
natm e, sen le. and locatlOn of propos~d 
action5. Among factors to cons1dcr should 
be thc potcnt1al clfcct of 'thc act10n on 
such n..-pcct'i cC thc cnv1ronmcnt a.s lhose 
l1~tcd in Appcndl)C II o! thc~c J::'Uidclinl's. 

, Primary attc'ntion should be givcn In the 
statcmcnt to d1scussin¡r thosc factors 

· rnost cvidcntly lmpacted by the proposea 
actlon. 

<IJ) Secondnry or indlrcct. as \\ cll as 
prunn1 y or <llr!'ct. ronr.cqurncl's for thc 
cnnroniJH'nt :-.!10ult! IJc mcludcd in tho 
:malvs1·. l\Iany maJO!" Fe de: al actwns, In 
p:ullctthtr tho:.c that 11\\olvc thc con
¡,t¡ u.:twn or ilccn,¡¡¡¡; of mfra~tntcture 
111\'C~tm.:onrs <e g. lll¡:ll\¡ays, ail ports, 
l'e\\"rr s,·~t rm:;. water rC'sourcc proJCct.<:, 
etc.•, :-.t:n~u!:1:e or 1::duc...: ~ccuac!.u-y cf· 
fcct::; in lile Colm of :<<;·.oc:atcd lnvcst· 
mC'nts anu ch:tn::;"d ¡~:-.tr.crns of soe1al 
a::t4 ccc"·~m¡r. n~t.·. it:r.~. Such 1'econdary 
e!Iccts. throuc:h thc1r 1mpact.s on ex1stlng 
commumty f.lclhtlcs and actlvttlcs, 
t!:rou;:,i1 mcluc::1::- llc'.\' f:-.t:ll.lie::. ::md ac
tn·:t¡cs. or throu,:h chan>:cs m natu:·:-.1 
CO!lG!tlo~s. t:'lay oftcn tJ~ ~\"011 mc:-c st:b· 
sta::t:,tl tiun tiH! pr:mary cficcts o[ thc 
or::;.n:~l c.ct!On 1tsr·lf. For examplc. the 
e.:·~ct3 oC tlic p:-opr.<·~d uct10n on popul:l.
twn r.nd g¡ o·:. tll m:1.y b~ nmor.g thc more 
-si;:mficant srconcl:try eiTe::ts. Such popu· 
!.:~1011 ::mcl !;!'O'·\·t:1 ÍI!~IJ:lCts shOt!lll be C$• 
ti:--:at-:d if ex:'N:ted to be s1:111!icant 
(U3J::~ data tc!er.t:::::d as incilcated m 
§ 1500.8' n > ( ll > ar.d c.n ns~c5sment mnde 
o! thc e~cct of :.n~· po;.~;:.::ie ch::u~gtl in 
popul<tt;on patt;:rr..s or gro-:vth upon the 
rcsource bo.se, mclud:ng hnd U.>e. water, 
a::1d publlc scrncc:>, o! th_, arca. in 
c¡nc.stwn. 

<4> Altcrnatives t'J the proposcd a.c· 
t1on. includu~;;. \\ J¡ere rcleva::1~. tho::-e not 
\\ltlun the ex:~tmg uuthon~y o! thc re· 
~pons¡bJe -a::;·~nr.y. (SectiÓn 10::!<2) <D> oC 
the Act rcqw:·es tlle rc;,porl.":cle a¡;enc:¡.· 
to "s~udy, d"··elap and r\c~cnbe appro· 
priatc aitcrn:lti\es to rccor:::n~nc'.~d 
courses of uctiO!~ m any pro¡Jo~al ""hich 
i:woh·es unresoi\ cd contl!cts concerrung 
altern;:.ttve use; of "-vatla.blc rcsou::ces''). 
A ngorous e:-:plora.ll011 and ob;~ctive 
evuluatlon of thc enn:-onmet:tal i:npact-s 
oC al! rcasonable altcrnat1 ve act:or..:;, par· 
ucularl:; those that nugn~ enhance en· 
v1rcnmental quahty m· a\·o¡d sorne or all 
oC tilc advcr::,e em·ironmental c!Itlcts, is 
essentml. Stúf¡c¡ent analrsis of such al· 
ternat1vcs and thcir cnvu·or.mcntal bene· 
fits, costs and nsks should accompany 
thc proposcd act10n through thc agcncY 
rev1ew proc<!ss m ordcr not to !oreclose 
pÍ·ematurcly options whtch mignt en· 
hancc envlrcnmcntal qu:!>li~y or have lcss 
ddnmcntal ci.cct.s. E:,amp:rs o! ~uch al· 
tcrnal;~es include: t'lc alternat1vc o! 
to.kinJ r.o act10n or oC po:;tponmg aclion 
pcnc:!u-í;:: furthcr stud:,·; artcmat¡vcs re· 
qu.rlm! aclwns of a sií:lllf:cantly ditrer· 
cnt naturc which wculd pro~ldc smular 
bcncnts \nth d1ficrcnt cnv¡romncnt.tl im· 
pacL'i Ce¡;., non!>tructural alterna.t!Vcs to 
ílood control ¡>ror.-r;un.;, or ma.c;:, trans¡t; 
alt.crna.t1vc:; to lughway con:.;truction) ; 
alternativcs rcla.tcd to dltrcrent dcslr,rtts 
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<e> E.1ch cnv1ronmcnt:J. statcmcnt 
&hould be prcparcd 111 accordancc v;¡Lh 
tl;c prcn•¡.t 111 .~t·¡·t:on lJJ..;t:;Jti\l,of lile 
.-\ct th:lt oll n~·cncll'S of lile l-'CdPrnl Gov
crrunt•nt "1:l:ll.~c a. ,..v .tc:nati.:, mtcrdl~
c:pl:n:l.ry np:,ro.tt.h whH:h \\111 lll!>lll'C Lile 
intc'IT::ttcd t::,c of thc ·natm al an<l :.oc1nl 
zcwnccs nnd th!l cm·uonr:1cntal dc:;1r:n 

" . 
orctination A'ct, 16 U.S.C GGl ct ~ce¡., :md 
tho: 1.l'J:'.tJOnal IIlstcnc Prcscrvatlon Act 
e! Úl!iG. lG B.S C. ~10 ct :-cq. To thc cx
icm1 J)(l"'-Jblc, ¡;tatcrncnls or lmc!m~s 
·co:-~'rcrmn;: ·~IWironmcnt:1l imp::tct re-. 
QUlrNl bv oll:cr >-la tutes, :,¡¡el\ ::ts ~cctlon 
t,(í) of the 'Dcn:trt•ncnt of Tr::tnsportn
tlon Act of 11%G, -íO U:S.C. 1653<0; or 

:1.1':... 1:1 pl 1.::;¡;;·; ;l.lld ttLcl:;w::m:1 1.1::;r :;:¡·c:t.IJn lOG of. ll:c N:LtJOl1'1l Hi:,torlc 
\\ h:ch 'may ha\ e o.n unpart on man's Prc,crvalion· Act of H!Gü. ::.ilould be cóm
cn\!l'o:~l~:cl~t." i'.~e: .. .:-u .. ~, :nf;l!l~t :t:..Lcn~pt. b·ned \'.lth cor~lUi!.~ncc ,~nth~thc cn\tlrorí
to ha\·~ rclCI'ant c:!l-'Clflllllr~ rcprcscntcd mental unpact statcmcnt· rcqmrcmcnts 
on tllc¡¡· o.'.l~ st.ur.,; \\llCic tlli::. :s :1oL feo.~.- ol ::,c..:i.lon 10212) !C> or ti1c Act to )'iclcl 
s1ble thcy should mokc appropriate use a. single docurncnt which mccts, ·all 
of rc:c·:r::1t :F '.::(!.::-:~1. S .. l.tc. :md lo.:: al a njJ! ll':wlc re,".:.!: N:~cnts. Thc .\dv¡~m y 
a.c:~:1c:<'s cr t1':1~ p:·o:c~.<>.,m:.-.1 ::ct VJccs of Coi..!l~ll on H:.;~0nc Pre~cnaLicn, · thc 
~nt·.·cr;it:~~ ~nd c~l ...... ld~ rot"!'-t':t~·1•s. Tl:.e D,..,:J~rtmcn.t;cf Tr~~!~~ .. :,ort~t:o!l, nnd thc 
lnte!·ct .. ~·clplil!:tt'Y ~·)>rú~t,..ll shou~d nvt be Dc;.;,rtn1.ent~oi thc I:--.\~cncr, 1n consulta.
l:r.llted lo the ¡n·L;J::uat..on of the en- t1cn ":th ti:c Cotu1ci!, w.ll issuc a:1y ncc
nrn:-.... '11C:1t:o.l imp::rt ::,t.1tcrr·.c::t, but e«~~,¡·y· ·suppi~:T.cn~.:1!t mst:-~ctwns for 
sho:.ild aiso be t:.30::d 1:1 t:1e c •. :·::; pian- fu.~·n1.>i1m~~ m=ormatwn or :incim;:;s not 
n:n-;; :,ta<;cs of thc ¡n·o¡Jo.:cd act101:. Ear!Y !m'Lhcomm~ · unc!er t!¡e enVlronmental 
o.¡:-;):;cac:on of. :, ... eh an r.;J;n·o.:ch shvuld ¡mp::tct; st;,tement process. 
he!p a.s;;ure a s;·s~c:n:J.t:c cvalt:atwn oí <b) EP,t',r-:vtc•o. S'!ctfon 309 o! the 
re:·-son:t.~l(: a: t:~·r . .:'.. .. :\.·e co1~r.3cs o! act¡wn 
ar.d tl:~;:- r-ct,~ 1:¡;~.1 sc-c:.:l, econcrmc, ru-:d C!c-:m Air Act. as_ arr:c:1d·~d <~2 U.S C. 
en, .. 1•0 ., ..... ,::\ 1,.¡ C"'"'':::il'" uc-• ........ r\

5 
1 § l857h-7)',.,pro,.¡dl's tho.t thc P .. d!n,nls-

• • ·-··~· --· .... .., - l - . .-c. . . t . f t! - . 1 p • • n 
({l) , nnrr'ciJ .. r 0 .. f',M' ""S tl'e •e ·m of :·2-wr o . 1c ..:.tn 1ro:-;me:1ta • ro,ec,,o 

the Su ~~;..;;:. ,;~,e: ~-,.~;.'.'';¡10,:,ct'~·coi'1 • Ar:~ncy ~hail con~~c::1t in Y:nt1:1~ on U1~ 
•6ooo¿u .. 1.o .,i ~.,1,.; " \o Ll.\'-•1.-. 1..1.¿ ...... '-' • l. 1 t f l"'l '""'l'\ re 

P·:n" ,_, · · 1.~·· 1 u· ~11. , . 11 \ 1 .. --· ····~· C'1Hronmcn,,\ 1r.:;K•C ·O ":1y rr .. h,"r -
.._ .1. J ...... t...1.1 la. ... J. \.1 " .&.. ¡ .. t-U \,. J.l.)d.lhl.: ... o,..w& j V t h, .. .. , ( , , , 

S~"{;P.l.'''iC t ' .;, •• ::; O· ,¡5 CU•1'!S ~I;c l',;~pOl1S•Ol.ldCS, 
.~ · -· · und >!:::;.!! rc::cr to <he Co;mcll n:-.y mat-

§ 15Cb.9 Ü"' ic"' of ckaf¡ c:>n' iN"nntPntal t-:r t:1:1t ti: e Ad:11:1;ist:·:ttor C:cter.-n:ncs lS 
stnlf'lllí'nl:; b: Fcdcr-~1, Fc•lero~~·'t~&te, Un~..l:¡~factó::;· frC:l'íl the ~t8.:H:~)Olnt of 
St:~tr, nnolloc:d :té=<'IHics and Ly thc p"u'J!:c ¡;¡:alta or wr!fare or cnnronri1en
public.: tG.).i quélht~{. Acco:·c!n¡;ly~ \\ l"!crevc:- ~n 

(a) Federal a gen.::¡ rct•iew. e u ll: a:;e:-.~;:,: ac~,'):1 r.;;;.~cd to ¡-.;¡· e•· v. ;.;.te• 
;e:!~:-~! .. A~ r~c!'"':-~l ~::::r..c~' c~::~!dc~r:s- q~~llt~:. ~1o~.,e alJ .. :tc.:11€:lt r!nd control, 
2.::1 act!on rcc;,t~,::.n~ an en\ 1 ~·onr:1e!1 tf'.l ¡;c.;~~c!dc r~~~:h:.t~o::., ~cl:d \ ... 3.5te e!..::: pos al, 
stn.te~nc~t shot:!d co::su.lt 't\¡th, anci con ~s~e!·ally np:J!•ca:;!c cn\:ronn1cntal r:J.
ti1e b:-.. ,:o; of a cr::!t c:1nronmemal st::l.tc- dl~'ltlcn cntcrm am! stnnd::trds, or othcr 
m '·n• fo- ~·¡ · ·'1 t"'1c ~ cncy t ···e· re l>l~ow;¡on o! thc a;¡(i:o:·It\,' cf thc Admín-

• ..: u • •• ¡.,_, "~ "" ·::¡ - . 
s¡.o:1sllj:l:ty\ ob~J.i:1 the co:n:nc!1t 011 thc l~trr.tor :s mYolvcd. Fcc!e:al agcnc:cs aro 

· rcqmrcd t,6 s·.:brmt such proposcd ac
':!:1vt¡·onm,;:1t:~l !::1p:;.ct of. ü·.c ::1t:t:on of. t:o¡¡s and · the1r e:~\ironmcntal impact · 
Ft?.:!cr:!.l and F ~de: .1!-St:'!.t-c a:;c:-.cies m.t.h · , 
j u --c:1c·· n b ¡~ r .... 1 . t 0 st.ltemcnts. :i such .:ave been p¡epared, 1'::. ·•0 • j• ... ?t. 0 SíJ<.'<::L expcr :s to' the Admm!str.1tor for reVlew· and 
~:!th rc~pcct to any \.'nnronment::.l !m- · 
po.ct ll".\'o!\·cct. T>1 esc r-\~crr:'.l r.nd Fe~~ cc:nmcnt in "ritmr;. In all e~ e¡, where 

, EPA determmcs th:J.t p:·oposcd a;:;ency 
.er::J-Si;ate· :l6Cnc!cs une! thcn· rc!cvn:1t acr,¡on is enviro!"mcr.t.o.ll.v uns~tisfac
?re::.<. o! expcruse incluc~ t::ose !dcntl· 
fied 1..'1.. Appe11 d1 ces rr:-<md ·m to' .thcsc tOry, or '' here EPA dctcrmu.cs tha.t an 
g'.ÜdciL"les.' !t ·u, r-;co:r:m~·nclcct that the e.q•.¡:·or:.:r:chto.l st:~tc~:cnt is so inude
llo.ted dcpurtmE'nts :md ur;rncic<; e::,tub- c¡úale tnat ~·t::h a dc~e; !J'.m:ltlon .cur~not 
ll~h contact po.r.to;, which · rr.ay be re- b~ m::tdc, J;:PA :-:1ltl! ¡)!.!bir!"h !ls d~tcrmi· 

0:1al m· r r. ¡• ,.. ts natl:)n :md not,f:,· t!~e Coo.:.1c1l· as ·~c>on as 
>!'· • • 0 ..:cr:<;, o:- pro' .t .n:; ccmm_n on ,•)'b('t¡cablé. Tnc 1\rlrnm'strotor's com
tllo Cl".Vlro:Hr.cntal ~.t:J.temr.nt.-;. Tl:é rc-

rn•:!1t., ~h:Jli comtitut~ hi > C'j:'IH:1Cllt5 for c¡tllrcm-.::nt m -c::t:c...r1 HJ::.:•:!> ce¡ to ob-
to:u:t r.o:-.1mCtlf '¡r.-,¡c. l·Ldrral a7:r.nCic·; ti::! purpoi,c., of lJ.>ti~ ~cc~JOn :!•)9 uf llic 
il:l.'l:n:: Jllfl .dict:on or ~.per 1 al cx¡,c-rt¡,,c d'l~~an·-,\l·r'\.11:ct a:,d :-r.ct:<;n 1e:~r21 (C) o! 

tllc Natwúai Ei. VJr.Jilmcntal Policy Act. l:; m adct1,t!ün t.o m.:,• r.pcclfl'~ '.~l:l.tutor; 
1 

,. 

ohli::atwn or on:,· I-'L<ieral awncy t<' co- ·~ \C) stit'tc and lncal re1·~c\'.'. Olf:cc o! 
or(Jln:::.l.c or con.•.ult w!Lh anv ot!1cr 1-'<'c:- Man2.~c~•~.cnt '1nd Uud¡::::t c.rcular Ko. 
c:al or SLat.c ar,cncy. lH:-eñc~~·f. .!.hould, ~\-95 m.cv1~r.d> thmu•:h 1i.s ")~·•cm o! 
!or ex:lmplc, be aJe¡ t to cun:-ilttatwn re- St:J.tc and arC'awidc cl1 ::tnm~hot:ocs ¡;ro
qu!rcmcnts o! thc F1sh and \Vllcl!!f·..: C:o- v

1
!:l.c.; a. ¡11cans fo;· sccurmg thc vicws I'JÍ 
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Chapter 8 

POPULATIO~ MODEL 

~e basic ingredient of any plan is people. Popu1ation forecasting 

is primarily a matter of judgement. Population and its composition deter-

mine the economic status and future de~ands and needs. 

8.1 Methods of Population Projections 

8.11 Disaggregation- based on the national projections of the 

Bureau of Census. National population is disaggregated to the 

region or urban area. 

8.12 Cohort-survival - analyzes the population by age, sex, race, 

occupation, income, etc., rneasures the capacity of the existiug p 

popu1ation resource to grow through natural increase and net 

migration 

8.13 Migration and natural increase- simpler, involves an analysis 

of only two components. Provtdes estirnates only for the total 

population. 

8.14 Future employrnent 

8.15 Mathen1atical and graphical extrapolation- arithmetic and 

geometric projections, trend extrapo1ation by least squares 

method; logistic curves. 
' . 

o 

o 

o 



o 

o 

8.2 Bosic Assumptions 

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

orga~1iz_ation and institutions of the natiori wili remain substanti~lly 
' . 

unchanged. 

" ' (2) No all-ou't war, internal revolution, nation-'tV"ide devastation, 

epidemic or other disaster will occur. 

(3) No large ~c~le epidemic, destruction by military action, fire, 

earthq~ake or other disaster wiÜ occur in the · a'rea or 'tY'ithin the geographical 

or economic regían to wh{éh the area is closély related. 

8. 3 Higra tion 

8.31 Reasons for migration 
1' 

(1) Desi.re._for better 'ec_onomi_c, opportunity; . 

(2) Attraction of milder or more suitable climates; 
. - . . ~¡ l '. ' ' ' 

(3) 
' 

Desire for better living or housing conditions; 
·f' \ • ' . . 

Movements d!Je. to heal th ,_educati~.n or reti_reme,n~. 

8.32 Hethods of estimation (Bureau of the Census) 

(1) Method ~- ~sep the. total ,change. in the eleJUenta_ry school 

etl.rollment. from the last c~nsu!s. ~ate to the cu_rrent dé\te, ~a1~en 

a$ a percentage of the. census date enrollme.nt, as a r~ugh indi-, 

cation of net migration occurring during this period. 
1\ ', 1 

(2) Method II develops an est'imate lt>f the enrollment based on 
. ' 

natural increase along with the difference between the hypothe-

tical and -actua1~ enrollment of. grades 2-8 being used as an estima-

tion o~ net migration. 



o 
8.4 Employment and Income Forecasts 

Uscd in population studies, estimating space needs for residential 

areas and community facilities. It also provides a dircct measure 

for scaling land requirements for industrial and commercial areas. 

8.411 Hethods 

(1) Use of input-output technique ~.,rhich uses a matrix of 

Ú1ter-industry relationships,, to sho~.,r the changes in all 

' 

industrial categories as a result of the change in any one 

category. 

(2) S tep dmm procedure. 

8.42 Income 

Income forecasts are necessary for two purposes as follows. o 
(l) Hou'sing market fln.qlyses - ·thi.s has application in land use 

11 

~lanning in providing a guide for establishing the amounts of 

underdeveloped and redeveloped land allocated to different resi-

dential ·densities. 

(2) Land requirements of commercial.uses - income is translated 

into expendible income, ~to sales and then to floor space. 

8.421 Methods 

(1) At the national level, ~otal personal income is 

compared to GNP and the growth rate is projected based on 

the trend of the GNP. This c~n then be disaggregated to 
,. 

per capita income and household income. 

(2) Income can be buil t up :Erom tne forecas t of the, labor o 
force, occupation. 



Q 8. 5 Th e }lo del (Rci~' s Popu la tion Hode 1) 

o 

o 

1\.¡o methqds of population forecasting were 
1
USed to produce the popula· 

tion model. (See F~gure 8 .1) 'i 

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 population characterist;l.cs a~, a base. The national popula· 

tion is ,then disaggregated to the region, state, county, urban 

cluster,: etc, ,.¡hich is under, study. The disproportionate change 
1 

(of the ;region, etc.), either gro'tvth .or loss, is determined by 

us:i.ng tvetghing fac tors that are based: on policy decisions. -These 

-
fa<i tors ha ve the references to ·gro,.;rth s tandards, índices and poten• 

' ' • 11 

ti~üs incorporated within themselves. The technique used is essen-
• - ...;! ~ • 

tially .based on the decompositi:on ·of /;the· ·resources 'capability, 
\ -~ ! l 

'' ' 
J :: l , 

past, present and future~- -rhe .actions and behavior of people 
1 

cons ti tilrte the' resource~ in th,is context. 
' 1 .. ~ 

The · s tatis tical region "'populatilon is : then allocáted to the 

Standard
1
Metropolitan Statistical Areas in the region. ~ 

st~p-dowp. technique. based .on p.:\st perform~nce of the curren!: 

SMSA's i*' the region is used as the ·~asic approach. The popula-

tión of ,the nation is disaggregfi ted. lt,o a region 'and then dis tributed 

by, this ,step-dotvn procedure to ia particular urban cluster w~ile 

the balance 'tvith othcr urban clusters is being examined. 

The step-dm·m procedurc is also a decz:ision lcvcl process during 

t.;rhich se,ts of al ternative goals are presented to the decision 

.1 



Figure 8.1. The Population .Model 
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o maker. These &oals are expressed in tenns of the quantity 

and types of people who could reside in an urban cluster at.some 

future time. 

·8~52 'Cohort - Survival Model 

The purpose of the cohort - survival portion of the model is to 
'·' 

analyze the population of th'e urban cluster by age, sex ~md race 

groups, occupation groups, industrial groups and income groups, and 

to measure the capacity of th~ existing population resource t9 
1 1 1 • 

groH through natural increase and ne,t migration. This. ,.7ould esti-

1 

mate growth if all past trends:1 conti¡:med and no one "tinkered with 

the lo7arks". The model of the probable world provides a coq¡par~-

son base. 

The cohort - survival method of forecasting population is '.¡idely 

o ac•cepted for large areas. Thi'S method require..s considerable 

data, although this data is readily availabl·e from the U. S. Census 

of Population and other sources. 

8.53 Comparison of the.bvo methods: 
¡; 

Comparing the cohort - surviva'l method and the disaggregation 

technique, the fonner pro]ects fonvard the characteristics of 

,,¡ . .:l' 1 1 1 

the existing population and provides a more refined projection of 

age structure characteristics in that the method ages the popula-

tion. The latter, the disaggregat~on technique, results in an 
1 1' ,• ' 

examina~ion of the development' of th~ to~al population potential 

at each' five-year interval. However, by· combini.ng the t'vo methads 

a more balanced projection of characteristics and distríbution is 

o obtained. 



8.54 Printouts of Model 

Printouts of the popcl3tion projecti~ns by five-year incrementa 

are listed according to sex, age, ra~e; household and labor force 

by income, population by occupation, and labor force by industry. 

o 

o 

o 



o 

o 
·- .... 

}:odd 
c:~·or,rophic 

. Arca 

l. Nation 

z . . Rcgion 

3. Cluster 

(1,) Spccial 

GEOGRAPHIC AREA 

. ~ ,., ... 
,1 11 

TH.:\PC Arca Uscd 

50 states, Dintrict of. Columbia, and Puerto Rico 
" . 
' . . 

,: 

Bureau of~Ccn~bs West S~uth Cen~~al region (Arkansas, 
Louisiana(j Okl'ahoma, and Texas);~~ 

Indian Nil·tions: Counci 1 'o.f Governmen ts (Cree k, O~agc ,_ 
Rogers, .T,ulsa·-~ ~ and Hagoner .CoutÚ:ies)-

- i . .. 
a. Ecch individual c6~nty~ SMSA, and the Metropolitan 

- Are a. (Tulsa Coup.ty and the .fi.ve..:mi ~e pcrimetid) · 
- ; 

b. Cities and fo,...lñs.'.'fnJ.the. Hetropol it·a.n Area- (B~xby, 
;.; _.,,Brokcn: Arrow,:.Coliins:V,i'llc;; -·clc~poof, iJe'nk~, 

_ :.-Oy!_~~-~?-• ~,§~!~d .§p_rJj1gs.,, --~~ia toqls.,--~Pit:-ry., ~ang.:;.Ti.llsa) 

·"--- ,_.._., •• - f 

]'). ~.'-;r,),• -•'. u'''--"-~ <,o 

. . 
i ' • ' \ - ' • ~ .. • l. 

' >-' '.. 1 ' ' ' • .,. ¡ .,. .. • • ' ~, - • ' • ~. : \ ... \ 

POPULATION C~-lARACTE~ISTIC~ _ ; -: ~,.,_ .,_, ", 

~--w:m =r.,-11~ me=anzor:r_;-Vr;;:7í/-:O:x~~:.: ~~"rJ~,- :.~": 

Code ¡, .. ~,._-- o .:Ra~e-';¡nd'Se~:~ .. L :-_ ",': 

.L!.f.~, • ~]'.., ,l~~ -) ¡..J. • ..J l~oc..:., , __ • '•~ r \.I•..Z ~· '- ~;:j..: .... ·:}-: ''J 

1 'Hhi te' ~J<.~le·:\~,,- ,_ · ;~ ·, ·. -_, 
2 Hhitc' FcnléJlc · _: .· ,. _, ,j 

_ 3 .Non-_H)litcc-1-ialc:, . . ¡. :'· 

A . Non-,Wh_i tq ~Fcma 1 e ·-

'' 'u "J 

() 

•' 
' 



Code 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

AGE GROUPS 

OCCUPATION 

Age 

o - '• 
5 - 9 

10 - 14 
15 - 19 
20 - 24 
25 - 29 
30 - 34 
35 - 39 
40 - 4Lf 
45 - l¡9 
50 - 54 
55 - 59 
60 - 64 
65 - 69 

-70 - 74 
75 79 
8Q - 84 
85 over 

(1960 U. S. Ccnsus definitions fo~ first five groups) 
,l, 

Code 

l 
2 

3 
4 
5 
6 
7 

8 
9 

lO 
il 
12 
13 

11, 

Oc cup.1 t idns 

Professional, technical, ~nd kindred workers 
Managers, officials, dnd ~roprictors, exccpt 

fnrm 
Clerical and kindred wor~ers 
Sales workers ': 
Fanncrs .1nd farrn managers~ 
Farm laborers and farm forcmen 
S~il1ed laborers, craftsmcn, forcmcn, and 

1 

kindrcd wodccrs ,, 

Oper[l tors and kindrcd uo1'kcrs 
Priva te houschold twrkcrs 
C' • \ 

1 • 1 1 ld ,-,erVJC'C Hvr.<t~t'S CXC'C'pl: ptlV.:ltC \OllSC lO 

L.:JborC'rs, cxécpL fann .:Jnd mine> 
UncíHploycd, but cmploy~blc 
UnC'mploycd, not' c·tnployJb¡c·--rhildn·n, !>tudcnts, 
hoüs ewivcs, e ldcr 1y, ¿¡nd ~ dis.:JlJ,lcd 
Armed Forccs 

o 

o 

o 



o 

·o 

o 

INDUSTRY 

- (S-t :JiüL-Jrd -r ñd w-; tri., 1 e 1<1 S S f[ i ~-¿,ti_ r;in }!:m tiw 1 de fin i tio'n's) 
'- ' ' 

> ¡ ,~J "~ ' ... ~- .!... , 1:'' t. 

1 
.2 
3 
4 
S 

:6 
7 
-8 
~9 

·w 

Industries . (, ·. 

Ag~icu1ture~ fo~cstry, and ~ishcri~~ 
Hining 

¡ ' 
9ontract construc~ion 1 

~1anui.:;Jc.tur_ing - :! , 
Transporta tion, communica'tio1n, 
.! • a;.d sani'tary -~ervice~ 
Wholcsale and retai1 t~adc 

-: ~ ... ..:. ')':._~ ~ i 

:elcc'tr.ic_, g~~ 
• t ' ' ) "' '. ' -' ' ~' _. ~~ ~ 

"Fl'tümcc, ins ur.ance, and -rea1 -es-ta te-·
.Services 
-Government 
Non-Classifi~bl~ 

'LABOR .FORCE INCONE 
~-e: 

:e o de Income ,(;r.oup " 

1 ' 

1 ~ 'UnJer.: ,$ 1)000 
2. $' -1_,000 

:1 
.1 ~~~99 ~·;.~ '' \ --'¡ 

3 .:21,'000 ,,:. 2)~99 
4 3,'000 

,¡ 
-3./999 ,,. 

,' 

. 
'::. 'i 

5 ·4 ;ooo {. z;~-99'9 :o<''- "~-,....~- .. --· 
6 .5 ;000 ·~ 5 ,'999 
7 6,000 e '6 ,1999 
8_ 7 ,·ooo 7./999 
·9 .8 ,'000 8,999 

10 ~,000 ·- 9,999 
11 110., 000 ~~ 1.'0,, 999 - ; 

1 ,. 

12 u ,·ooo 1- 11 ,'999 
.13 1.2,000 ¡T" 12,19.99 1 ~ .. _, 

J.;;; 

14 ·13:,'000 
,, 

13./~99 -
15' '14,,'000 !' :1Z._,:99Qu.:><J i .. l - •., 

16 rs:,-ooo ¡, 
19 ~:999 .... 

17 .2o.,-ooo \.. ,24.,-999 
18 '.25 ;000 -- 49 ,"999 
1'9 5'0, :lOO - <OVCr '' 



DIS~\GGREGATI0:-1 FUNCTION REGRESSIO:~ EQUA'üO~lS (for F-value) 

-- ===y·==m:--=r~'T7 

¡;en~; i t y 

y 

y 

~ 

y 

y 

íi' a ter 

y 

y 

Energy 

Pcoplc/sq. mi. 

... 0.466 t - 864.89 

"' 0.386 t - 718.3 

acrc/pop 

= -.128t + 260 

= .023t + 61.95 

gal/cap/day 

= •• 67 t +272 

= .043t - 27.48 

2 BTU/10 pop 

y= 2.5t - 4600 

y = 9.Lc - 17600 

::::u=;:: __ 

Urbdnization percentage x 10-2 

'j = 0045t - 8 

16.5 
J 

Income $1 c:apita/yr. 

y = 66.85t 128797 

y = 56.05t 103066 

a. Na tional · 
b. Regional 

% of N values are accounted for 

R2 = .98 a 

R2 = .99 p 

T)2 = .93 ·~ 

2 . 
R = . 99-

.99 

o 

o 

o 



o 

o 

o 

t, 

METHOD TO DETERNINE F 
1 

Shows sch~matically how the new region~l val~es were derived. 
,i 

·\· 

r ' 

'. 
TIME,T 

N 

R 
e ·• o • 

' e~-

,~,:,-

-1~) ~ ~ ( 

N The n\stion .curve "N" is considered to be based on s'ta tic trends-.. It 
' ' ' ' :¡ 

R 

is projected by five-year increme~ts from th~ period 1960 to 202p. 
The equa ti o~ used ~s the~}inear equ~tio~ (Y u_=· a t+B) 'deyeloped __ in the 
firs t>'p~a~e·. · · · · 

The regi-onal equa'tfon "R" is dotted to shm..r _its rel_atiy_e value if 
. P.;roje~'ted. through . time. · These val'u~s- \vould exist i'f~_th_i.ngs · ~Q.ntinuet;I 
as they hélve in' 'the pas t. The dáshed line r~presen_ts ;~he dymimic 

· · (new) :·regio;ral values. The· _equatÍ¡,on of ,,this ·une is ·d_eter:nined, and 
it also is evaluated by five-year increments from 1960 to 20f0 .• ·:, 

The dynarnic regional· value and the static nationéll value ar~' then combined 
to form the dynamic Xi input values. 



6 
Solving the equation F = n

0 
+ E Bi Xi using the dynamLc Xi produces the 

1 1 

dynamic Fi's. These Fi's applied to the static national population cohort 
produce the dynamic regional population cohorts. See the table below for 
the B values esta~lished for the region. 

1 

AGE, SEX, OCCUPATION, INDUSTRY, ANO 1 ~r.ONE DISAGGREG,\T ION EQU,\7IO!.S 

5 VALUES 

UrbJni• 
Intercept Dcns tty za t lon Energy Water Land In come 

R2 ID so Bl 52 83 B4 55 56 

}'al e 
Age 
O· 4 -0.06246 -o 02164 0.0119l -0.005~2 0.26193 -0 00335 -0.00000 .93 
5-19 0.04791 o 18038 o 00051¡ -0 00118 0.26668 -o .00126 -0.00000 .93 

20-24 o .11493 o .005!·9 o 00126 ·O 00009 -0.0:!387 o 00009 0.00000 .99 
25-44 o 09795 · -o. oo663 ·O 00324 -u ooa59 ·0. 001,30 O. OOCJ19 0.00000 .93 
45-64 -0.00552 -0.00634 -o. 01.353 0.01257 ó. 15000 o 00063 0.00000 .97 
65 + -6.13428 0.38398 0.00930 -0.12765 7.99316 ·0.1JR07 ·0.00021 .96 

Fl?r"'ale 
1\ge 

ú- 4 -O.OOL:i4 -•) .IJ6001! -o. o01. 19 -o oo5o2 0.21665 0.00263 -o ooooo .95 
5-19 o 10884 -o 11925 -o oo357 -o oo1v. q~ 12678 0.00001 0.00000 .95 

20-24 o 1 1'·93 -o 001,59 o 00272 o 00007 -0.01041 0.01!012 ·0.00000 99 
25-4!. ( O~G32 0.01702 -o oo1o1 -0 00187 -o 02241, O 00031 0.00000 .90 
45-64 -2.17629 o 26541 -0.22582 -o oo9oJ 2.94604 -0.03027 -0.00002 .93 
65 + -4.32106 0.21731 0.00742 -0.10631 5.72146 -0.11657 0.00015 .88 

Occupa-

~ 
Prof. o 30594 0.0)1!18 O Oó016 -o n1 112 -0.39914 0.00221 0.02822 .99 
Clencal 0.42858 o 03921¡ -O.Oh085 -0.00!1.2 -0.60082 0.00013 0.06/Zl . 92 
Farm -3,j!l754 0.20120 O.OH'•26 -0 Oí. l 79 4.48678 -0.11,995 0.0!652 • 99, 
Skd led 0.98351 o 11·967 -0.071>55 -0 00210 ·1.18476 o .01373 -o 01950 .81· 
Sco1l-Sklll 1. 16539 0.21175 -o. oro~ 33 o 022713 -1.61871. o 01331 0.01295 .IJ9 
VneMp. -2.01135 0.02733 -0 001,59 -0 01?83 2.30447 o 11929 o 08552 .99 
Not rmp. 1 5331,4 '0.33626 o 01%8 -0 021186 -2.14600 o 01891 -0.0~074 .99 
Armcd Frccs.-0.49325 o 07295 0.07710 -0 01308 o .,79835 -0.00497 -0.16560 .99 

I ndus • " tr ta 1 1 

Agrt. -o 51878 o 15875 0.25488 -0. 01) 706 0.81 0/l¡ -0.15335 o 02765 .99 
HlnLng -2.37202 -a 01 396 o 31761, -0 03223 2: 32295 O, 29Bfo4 -o or.~oJ .93 
Const. 0.2l5QI, O.OM61 o 02080 -0 0(156 7 -0,28322 O 0071o8 o Q',H08 .98 
~!Jn (. -0. 211·02 o 06074 O.OH03 -0.01 Ú9 0.2r,2sJ -0.00662 O .OSC',(J .9] 
Tran<;. -4 95983 0.18Qio/) -0 ?úlo36 -o or,n1 6.59500 -0.07332 O,llo6% .99 
Tradc 0.38718 0.05674 -o .o2w.1 O.OOilOl 0.42031 o 00 t24 o 01')00 .81¡ 
Ftn:.~nce o .Id 395 0.06082 o 01,(,¡ 1 -0.00500 -o. 59111. o 004'•1• 0.06761· .97 
Servtcc -3 57547 -0.00577 -0.01731 -0.07117 '·.73897 -0,(}1,)19 0.1l2G:I .99 
Gov' t. 5.61252 -0.22428 -0.071·57 0.1211\l ·6.F8Gl6 o 05968 -o. 131, z 5 .99 
llon·Class -0.)9022 0.07921 0.02030 -o oo6!11 0.83120 -0.01409 -0.28128 .95 

Income 

(Total) o. 13261 -0.02593 ·0.01122 -0.00074 -0.02345 0.00004 0.00000 1.00 

o 

o 

o 



o 

o 

o 

The dis:lggr'egation functions to the cluster \-lere dcsign~ted F
2

• Thesc ar~ 

ratios of t\le follm-1ing form: 
urban cluster 

region 
The procedure fo~ devcloping 

dy¡\amic F
1
's \-lould not be acceptable at .this 'tevel because the urban clus_?e¡; 

already has a higher 

fore, it w~s decided 

density and urbanization than that of t~e region. There• 
l¡ ¡ ) 11) ,, 

,¡' 

to use the static :r:
2

•s. ·This essentially statcs tha,¡: 
~ 1 r_ ·~ 1 1 

the urban cluster receives the same share of ~he dynamic regipnal grov1th _as 

it has in the past. 
";; 

'' 
' 

A more sopl~isticB:ted .valuation of F
2
's ~s\under .development •. Ess~ent:ially,, 

,1 

this is a step-dmm procedure using the!.SNSA'~,,in a ·regiqnal pro_rating on 
' 

the'industrial trends. 

-!. ;-'.j ~t \':::;~_'J. 

The models ha ve available an internal check, namely E
1

·• s; .these are e:(p~n-
;--, •,'' 

sion factors. A ~method of expansion is::also .feas.ib,le and is under .~evelqp.• 
' •' 

mene to pro.vide an independent imperativa va1ue .• 

1' 

Using a deterministic rational be.~ides_ ~, s,et .o_f "go,als"., .. o·r .even -more de~in· 

itively "people goals", the Ei' s can be '_postu
1

lat.e'd. 
-n 

Fqr, · ,examp_le, :c.t+_k 
:• 

(occupatiotl') postulates that in terms o~ ayer~_ges tl\ere :tvil:l ;~~ an upgraqing 

Category 
, , X~ ·J~.1J ,:,~,;' . 1, 

Prpfessiona·l 
Farmer 
Clerical 
Skilled 
S<:mi-ski lled 
Not cmployed 
Unctnp 1 ex e~ 
Hilitary 

1\ 
1' 

1, 

[: 
1¡ ,,_ 

' 1 ' ,_ -' {' 

.???O· 2020 -198Cí 

~ . '·~· ~ r ~J "' • ' ' 

---,-igreát1ly inc·rease.d--.... -
) 

~-~~decreas~---~ 
----:s.ta tic-:. . .;._ 
increase ·decrease .decrease 
3;¿ :, . O .O 

4 '1.- --------------- .... --- ---·--- -------:.. _:. --·~-- ---.8.% 
4%- _:_ __ ----------:--,-.-.,.-- -¡- --.-----~.,.~:-~.-- ---:-¡- ----0% 

Obviously, •it col+ld assume most any fonnat, and similarly, the oth~r coh9rts 

can be so exputed. 



Chapter 9 

FORECASTING i\ND TECHNOLOGICAL FORECASTING 

9.1 Forecasting 1 

A forecast i:s an opinion or assert~on about a future state of affo.irs. 

Forecasting is a .natural activity of the mind. 

9.11 Predic tion 

A forecast differs from a prediction in that a forecast serves 

to convince us to act in the present either to move tm.;ard or 

a~.;ray from the future state of affairs described by the forecasts. 

A predic tion seeks to confirm as hypothesis or theory (not 
¡ 

necessarily dealing with the future) and serves this function 

whether or not anyone is persuaded to change his behavior in 

the present. The end resu1t of pretliction is exp1anation, i.e. 

a confirmation of the particular theory or hypothesis. The 

end result of forecasting is to c1arify options and to inf1uence 

choice behavior in the present. 

9.12 Purpose of forecasting 

Having and understanding choice opbions are deep1y rooted·in 

the concept of human freedom. To ~~prove the process of dccision 

making. in the present, we hav;e to 1:earn to improve the proce3s of 

foreca:sting. . . . 

9.2 Characteristics of Forecasts 

9.21 P1ausibility - describes a state of affairs which cou1d grow 

out of the present and be continuous with thc present. 

.. 

o 

o 

o 



o 

o 

o 

• (),.; ~- '·' i' " ' • ' ' l " .. \ 

9.2.:2: Specifi~d time· frame i' 

•, ~ 1 

'Li:rternal consistency 

Clea rllyi articulated as.sumptions . 
-,); 

. , 

' ~-.2·6 Imagina:i:ion- - a f~re~as.t. wh~ch s_i_mpty projects .. a .naive. extra-
~~ -, -'~;~J_, ·- ,- ' \'. ~ -· ' ' - ¡. . - . .~ 

po:Eation. o·f the p.resen.t ;·lacks· 'imagination beca use it assumes 
' 

1 
, - .¡- ' .. 1- ' ~ 1 l _.¡. - ' 'i. " : ~ . " 1 - ' .. -

no' new inter.ven.tions or cause~ which could deform or influénce 
"' ' -· ' ' • ·,' - -¡ •; L· '' 1 

tr.he- fu tu re·. 

1, 

9·.3· c;mpo~ents: O·f Foieéasts. ·' 
1 

9.4 

i: 
Theory ,, 

,. - e\.,: 'i 

9- .:3~2' Data: 
l, 

¡, 

Types. o•f Fo·rEkas.ts. 

'•' 

\__.-"._-

,, 

9 •. 41: ·uncohi:D.-~-¡~o~~1 - d/~~ogenci~~i · E!v~nt·s~,\~iÚ ·ac_cur to change l!:he 
'¡ 

,. . ' ~' . 
predicÜon valtie. ·-

9 •. 42 Condit.{onal! -· 'cond'i tiona1 upon 'the rea:ti:zatioh · of sorne othe~ 

~vent or events .• 

9'.43 'pí~ ol: ta.rg'et·. - a: s.tu'dy 'of ¿ome ;iconomic or plysical system 
·: 

ánd th~ fo.rmulation o.f a model to· p~edíct it~ Remains val'id 

·~~ 1 .S 

9'.44 í>orint and interval 

' . ·-· 

(i) Poi~t pred1ctions are p6ints ~f change enroute to goals. 

Poínt lis· confined to one event 'with one· value. 

(2) lnterval predictions yield''a set. of situations that may be 



Fealized in thc future. Interval is givcn by a pair of values. 

9.45 Single and multiple - single predictions are confined to one 

event and multiple refers to several events or scveral aspects 
•1 

of a single event. 

9.5 Approa~hes to Forecasting 

1 

9.51 Stdtistical approach - This ~pproach 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 Th~s approach requires more insight into 

the causal mechanism and more effort in estimiating the various 
'· ,, 
quantities involved. Example: specifications of supply and 

dem~1d relationship in order to forecast futurc prices. 

9.6 Techniques of Forecasting 

9.61 Moving averages - Involves summing the averages of sorne number 

of recent observations, then dividing by that number, and 

using the final value as the forecast. Moving averages Cdn be 

.'used to forecast with any palynominal model by taking moving 

averages of moving averages to estímate the various coefficients 

in the models. 

9.62 Exponential smoothing - Used for predicting polynomial models. 

Each observation is included in the forccast but more rcccnt 

obse~vations are given more rclative weigl1t. A liQit~tion 

is t~~t only the data from bhe process itself are used to 

predict future values. 

o 

o 

o 



o 9.63 Regression and correlation analysis - Used to establish ~nd 

~easure the strength of the ~elationships among variab~es. 
' ~.. _: .~ ' ' : ~ ' 

The eq~ation resulting from thc regression process is ~s~~ to 
' - -. __.' 1 :. " ' ' ,>' ' 1 ~ 

forecast values of the dependent variable in ·future time 
. :~ ' . '. . • . ~· . ' ' - -~ ' ~ •¡ j .. ' 1 ' 1 ' 

period. 

The prii.ncipal difference bet:Heen this technique and exponential 
/ :.~ -~ , • • _· ' , :: • J • • • ~ , r. ~ . , -,. . 

smoothing is in the specification of the model. 
¡- i ·; l ' "1 ~ • ,. ~: • • ' 1 ... .:.. ' • • ' ' ' ' - ( l 

In exponential 
'•' 

smoothri.ng, the principal differenq~ betíveen this 
- 1 " ' - ) ' - 1 ' ' 1 __., 1 ' ' _: ~ ~ ' • 

1 

techniqu~ and 

exponential smoothihg is in the specification of 
-\ , .r· , ! 't ,-. -1 r,,. · .... 

the model. · In 

'exponéntial smoothing, the model is specified to ,provide the 
• 1 • • J- - '-~ ' ' 1 : • ~ \ - ' - 1 

initial conditions. Regréssion analysis is used to ascer,tain 
' i,. _· ~- l ' ~ ;... • ~ 

,what ~odel best fits the data. 

o· 9. 7 Abuses· o f Forecas ts \ . 

Lack of sk:Üls to critically examine forec·asts ··leads to the following 

abuses. ''-

" 1 

9. 71 Forecasts úsed a:s ' a 'powerful 'tool ;to rnani:puláfe and control 

peop le. " ,.• 

9.72 Encourage sloppy and fuzzy·thin~ing'dri.'thépart of futurists 

which··leáds to "prophet syndromc". · · 
:1 

9. 73. · Great deal :óf hanri done by encou'raging unreasOnable or unjusti-
·' 

fied expeé ta't'ions. · 

9.8 Methodologies for Forecasting 

9.81 '.Projeci:i.ons 

9.811' Extrapolations 

o 



Thcse are simply the projections of individual time series 

(demographic, occupational, national product) undcr very

ing assumptions. 'I\.ro basic assumptions are continuation 

of force and extension of previous pattern. 

9.812 Growth analogies 

Initial advance is exponential, followed by a continued 

diminuition of the rate of advance as "maturity" is 

approached. One of the simplest situations for prediction 

on the basis of trend charac~eristics is one in wl1ich the 

extension of a well-established exponential rate of 

progress intercepts a known physical limit. 

9.813 Trend correlation 

The trend of a technical pansmeter Hhich is complex and 

difficult te predict by itsclf may coccti~cs be ~ora 

easily expressed as a tesul~ of a relationship between 

bvo or more other trends. Combinations of primary 

variables' from trends are compared and projected. The 

prediction is then completed by projection of the 

unknmm variable on the basis of the relationship bet\veen 

the primary variab~es.~ 

9.8131 Single Parameter - Time series data of a technical 

attribute that. reflects a significant aspect of the 

technology or its application can be plotted and then 

extrapolated in sorne manner to preclict its future 

s tate. 

'1 

o 

o 

o 



o 
9.8132 Compound Parameter - Time series data of combinatiL• •. s 

of parameters- so' that:'' tlie data '~iü t·~'Üect the 

' bash:, · interrelai:ed · cha'ngei 'in the. ·d~vié~ or servic.; 

-.- '' ~·r:; ,t...~'':,~ • :r' r;,,'; ~ 
9.8133· Envelbpe ·curves - A ·'fundanient'a1 capability that 

) ~ • ., r 1 , > • • • ¡ -"' C ~- ' • ¡ J ~ ( < < o •J.. 

society desires coritinues tó advance by support 

of a succession of increasing1y effective techno1o-

gies. As the S-curves of ear1ier technologies 

begin to fall off, a new technology emerges to 

maintain progress of the fundamental capability. 

A curve ap-proximately tangen,t ·to the tops of the 

o S-curves describes an "enve'iope" of ant:icipated 

change. 

envelope 

o 



9.8134 Step Functions - Diffcrcnt industries show o 
patte~~s of behavior in the scale and ti~ing 

of technological changes that they introduced 

into products and facilities, expecially as thesc 

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. 

¡ 
1 
t 

Nomogram , 

9.8135 Technological Proges~ 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 mé.nufac-

. turing time in lea rning curve theory. The 

function provides a basis for technology predictions 

agalnst growth of t:chno1ogy production or usage 

instead of time. :0 



o 

o 

o 

9.814 

¡, 

The De1phi technique 

As exemp1ified by the Rand study, this is essentia11y 

a "panel technique" in \vhich a group of experts makes 

." 'Jfed b-ack" "-re~¡Yea·t~edly'3 tó~1trre' ind:Í. viduals in arder to 

. ~::._c;Lar_i:fy __ the-'.agreeménts.~ahd:·'disag-reements among panel 
¡ 

9.82-::..; G~neral methods 

9.823 Trends or normative 

9.824 Dynamic _modelling 
:. > - l J 

... '' 

9.825 Cross impact 
~ ·~ <"( •, ~ ... \{"';:,;! :~: '?1~.)' 

9.826 
í 

Corre1ation p1ot 
1 :~.,J ~ .... ~- ':j._) ._:;~;.(!( ~~ 1,:2-~h-.X:.:-t;;·.~ t.'f:t)f_: 

9.827 Exp. posi tion papers 3 -~' 
-;.. ... -. --:.! 1 ~- • ~ 

9.828 
.-

Re1evance t~ee,s .. __ .. í, .... 
1 

e '~~ • • ( V •¡' •.) • ' .,; : l -•' ' _., ~ ' • 

9.829 . Ana1ogy or metaph_o ., 
'-' ~ ,""_ \ .J ).., 1 • .. ·- >J : ; 1 '.; ' ~ ... ~ ..... '" ~ 

9.8210 Economic p;-ojec,tions 
~~ ·_;. :_¡ ~~ J \~ .... ~ ¡ .. ,_ ~ ::.... ~ ':)- .... _,,.-.. ' ! 

9.8211 Horpho1ogical approach . _ 
•• ', ! .... ~' <-'4 '_/ ... .., '. ; 1 ' ' 

9.8213 Emperica1 

9.8214 Analytical ¡_ 

9.8215 Quasic 

: . . 
9.8216 Heuristic forecasting 

\ 



9.8136 Substitution Theory (Fisher-Pry) - If a ncw 

technology beihgs to replace an existing tcchnology 

without a maio~ chan~e in function, it will tcnd 

to go to completion, and the time and umount of 

substltution can be predicted according to a 

hyperbolic tangent function based on the average 

annual rate of displacement. 

9.8137 Correlation analysis - A technological device 

changes through a blend of many factors of 

performance, construction, cost, and social 

usage. Thercfore, historical data on the impar-

tant interrelated parameters should be developed 

and plotted. Trial extrapolations are thcn made 
l 1 

to test relationships threrby to determine .the 

most lil(ely f4ture state or direction. The 

basic notion is to search íor consistency and 

logical rela~ionships. 

o 

o 

o 



Ü 9.9 ForccasHrig Hodcls 

o 

o 

These are· c·ombiria"tions of series, mathema't:Lcall}" expressed that make 
.• 

assump'tions· ;aooi.it' future expec ta tions. Exán1ptes .of .th'e.se are the "Brookings 
• 1 

Econometric Hodel of Quarterly Economic ,Pr.oje~.ti•ons: · ·aad .the 11To.bin-Solow 

1 - .) 1 - •• - ¡ t"\ ' • .:,.. _J • - ~ f'"jJ' ' t ~ >- / ' ,¡ 

Long Range --Forec'as ting Nodel':' being· developed. · · 

9. 91 .. ·Cyberne·tic···modeYs ·J 
: ' 

9.93 

··· These· 'are·' ·forecastin·g· models. that" t~y .tó, ~1:í~ild in., .ei ther on .a 

sl"oéhas"tic or. a mor"e· dé.te·rrhini·te 'basis' :sóme an:tici·pa,ted pr 

ac tua1: ;·feeahacks. so' as •tO al'il.•O'v for. COUtinu.~l réaclJu's tments • 
' 

There. ~re' ·:Éew··~such "Hi'rg~- scal•e socia~l· :models in .existence, 

· though1 Soviet economists .~~d .lmath~niiti:cians'=:'ái-e ·:bus'i·ly draf.ti·ng 

1' 

:g. 922 ( Regressi·on · - C·Or·rela.ti:on .ariail.ysi·s 
.- ' ' ' ~ ;"' : f ' ' ., ~ f 

..¿. 1 - ~,....... ~ -

Transcendental models 

e 

~. .. ' 

9.931 ~Fourier series ,¡ 

9.932 Time series analysi'S 
,..,.... ~; -' . :. l ) \ J 

.1 O.) Trend 
. .. . (' .. , . . .. 

., (2) :SeasonaiJ. - :~e 
·' . .;: . .1 

" (3) ·Cyclical 

(4) Random ,. 
'fl cJ 

9.933 S,pectral analysü - Inspec.ts the ·size ,o·f .the ·éln1Pli,tude 

" of each frequency to .be found in a time :seriea. 



9.94 Selective models 

9.941 Consider tcchnology ~utonomous and chart the adjust-

ment to a majar 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 social decisions 

that \vi11 have techno1o,gical consequences - example, 

spending for space, sciences, military, etc. 

9.943 Eco1ogies of change - se1ect those combinations of 

techno1ogy and social structure that fit togetther. 

9.95 The therapeutic model 

Do not accept the situation as given or as defined by the 

clicnt but keep open a range of generelized goals. Emphesize 

setf scrutiny, feedback and reevaluation of means and goals. 

9.10 Forecasting of Techno1ogica1 Change 

9.10.1 Technology that changes is the set of too1s and techniques. 

Hard - new machine tools, etc. 
1' 

Soft - computer programs, methods of work, etc. 

9.10.2 Stages of process of technologica1 change 

9.10.21 Invention - creation of new product or process 

9.10.22 Innovation - introduction of the invented product 

or process into use. 
1 

9.10.23 Diffusion - spread of the product or process bcyond 

the first use. 

o 

o 

o 



o 

o 

9.10 •. 3- The .idc~tifica,tion of innovations 

,,, 9.-~0.3J. Hajor.,,in;wvative it~r.ns - :restructur~ng o~ 
1 'j 

organization or methods · of intellectual ;~.;ork or 
.1 1' 

'9. 10.32 New 'p roduc ts 
) ~ .. 11'- ~ ; 

9.10.4 ·New ,social fonns - not-for-profit "~b~~)r'a'tión;· ~te. 
'"- ' - • • • "'¡_.- ¡ ..... - ' ' ' , •• ¡1 ' 

9.10.5 Ne't.¡;.doctrines - revolutions in m~litary technológy 

-'' ... ' - ~ '~ 
1 

·.:. -. ~ • ~ • f 

9.11 Forecasting the Rate and .Direction·of Diffusion. of Technology 

.9.11.1. ,The _di:f'fus:Lon o~ ~ec_h:nologY, tal<;és -p,lace in_a complex e<;Q~omy 
~ i ... " - , • ' • - 1 -{' 1:; ' 

,_,, and more broadly .still in .. a total complex culture. 
JI ~ ' ' ' ~ ' ¡ 

" ·' 

( 

to _be opt~mistic for;_.the short .eerm é¡md ~es_si~i~tic for 
i 

¡' 

9.11.3 Techniques of analys~s, 

· .. (1)~ Analysis of_hi§S8~~cal diffusion cu~ves ~ pl~ts o~ 
:: !j 

'1 
do¡la:r ,.;,yolum~, , numb~r o f. uní ts. in_ u ser or. ¡:he like against 

• •' ¡ ~ .. -.' t 1 '.. ! - ... ~ • ¡ J h' 

tim~. -
' 

(2) ~ndustry by industry :Or prdduct by product: analy~i~-, of 
•' 

- : • ~ ·~ -'\ '\ ' ' ,- ··" _., ~ - ' ''< 

manpower, indu:s triáí: 'grow'tr{' or 'corporate. profits. 
- . 

diffusion 

.. 
( 

9.12. The Speci-fication. of. Diffusions 
~ 1( 

9 •. 12.1 Most s9cial change pro_c,eeds, J._~.f\s. fr9m giant. n~w innovati~ns 

than from diffusions of existing techniques, or more impor-. ' 
. : 

ta~~ly, of privileges. \ 

'\ 

¡ 

.. 



9.12.2 Changes in the character of hir;hcr educ<JLion ?roceed noc 

'the' rríany-" ~ -:· ' '' é -· ·~ -· '- • • ·: 

9.12.3 "Change of sca1e"'1..:-s:-'thc ·e1emen't:>tnaf,·cre'ates the problem 

9.13 A tti tudes tbí·lélrd Forecas tin_g_ 
i • j ( f .. ' ' ~ : ~ ~ -¡ . '1 tJ. r ~:' 

. - ' 
' ' 

9.13.i For~cas~s may function as self-fu1fi11ing or se1f-defeating 
,- -": / •""¡,' .. ' ~ 'r~ 'í -~ ~'- ¡ ::<,. ~ ._, :,~ -·~~) '; ~- -: .. ~~. - ,~ -· .. ~ '': . gj~' ~-':} :: ~-' ;~": ... ~' 

1 

prophecies. In 1ight of this, ~any maintain that forecasting 

- -- fs ::e':Ü,h~~-· :im'fwssfbfe: or úñde'sirab'te-L:- ___ . ~·.:- :"~ --'-~-- --~·-- ~ · ¿:;_~_-::.-:::~:: ·-~- . . t. 

·.;-.9·.13·.-2 \ -The·r·e' ís '~ s·écdrid --vfe~-i th.a¿ ··al though ··:rt- iaoiTtfts -·trre uea:l<né'ss 
1 ' 

• ,_ 1 

" ' 

9.13.3 

' 
i:n 1 \~hiéh- the 'cdndú'ct ·rof -'p'Jb·l'íc arúi ~pr'i:vate 'pr-og'r--anis i:equii'es 

--~ tanhing··a-nct for'écas tü1.g>as, 'nece'ssá'ry -:..ingredients •· 

Sorne see forecasts as too1s or aids fbr~cie8isiorr(rather than 

as :assertions about the future',:·:· "·-··· ·!.r ~-"·-·J '' .·::,.·¿· 

9.13:·~ There is'-'a: t'end~ricy~~rnong those··inEerésted 'in fórecasting 

· ~ ·' ~ -~ t~ :~oricentrate :oh~ tfie-·méthódo1ogy 'rather• thari 1-i ts; ·use. 

9.14. Definitions 
~ '~. \.""" - : .. ,J -~.~. 

9~14.1 A techno1ogica1 forecast is the forecast of the invention, 
,r;_, ·• /~1-,-~}: ·.~.:, IJ"j\_,,-.. ~--~ :,_·~:,_ ... ~,r~;::. ~-~.·-,~,J--~.-·-:r· · ~,.'...._ _::.,, 

innovation or diffusion of sorne techno1ogy. 

9. 1l•. 2 

-,!id' 1 ; ,• ,.._ 1 ' 

or' m~ r-e' ;'óf:: the5 prc)po~i tfons "wi 11' b-e 't rue- i'f• ce::t't·áj;n oth.er:O 
,, 1 ') 

cond'iti'óti~¡·h'fé met~'··¡,_ "'·' ,,, :_¡;,_ .. , ·--·· ,--~: ;::¡,::. 

1 

9.14.3 Techno1ogica1 change is c1ose1"y)clirlkeCf~ t"o" Sú'é:.Í::.S;l' llnd cconomi.c 

factors 

o 

o 



o 

o 

o 

9.15 Tcstin~ of Modcls and Forecasts 

9.15.1 Verification - Testing o[ a mode1 aftcr a certain period of 

time has e1apsed, so that it is possible to ascertain if 

the forecast is true or not, thereby verifying use of the 

mode1. 

9.15.2 Predictive tests 

9.15.3 

9.15.21 Janus quotient - used as a critcria of stab1e 

mode1 structure, i.e., guards against the possi

bility of 11 overfitting••, as a measure of prediction 

accuracy. 

9.15.22 11 hei1 coefficient11 
- iS a quotient involving 

predicted and observed values. It seeks to 

measure the efficacy of, the forecast and procedure. 

Va l:i:da tion 

(1) Another system 

(2) • Economic vs. demographic 

(3) Deterministic vs. profuabi1i~tic 

(4) Goa1s - forward vs. backwar4 

9.16 Forecasts (Figure II-1 through ·rr-11) 
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9.17 Dvn.1mic Nodcling - Is a model of situ.1tional interactions which en.1'blcs 

thc an.1lyst to va~y componcnts of the system to study interactions and thus 

to prov.ide_ useful understanJing of future states. Jay Forrest~r's sys.tems 

dyn~mics approach to the study of wortd pro'blems is internationally known. 
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Food Supply 

:::sland Area 

Food per 
Rabbit 

i 
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Casual Diagram for the Rabbit System'when Including Disease. 
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SPEC 
PLOT 

PO?, K=POP. J+(DT) (B ,JK-D ~JK) 
POP==POPI 
POPI==lO 
B.KL==HBR==BRHF'.K==POP,K 
NI3R=.3 
BRHF. K=T . BHL(BRNIT. FPR.K,O,H,. 5) 
BRr~T=O/.I/.42/.9/1 
FPR.K=FS/POP.K 
FS==lOO 
D. KL=POP. K/LT. K 
LT. K==NLT*LTND. K 
NLT=8 
LTHD ,K==TA8IIL(LniDT, RD. K.O ,300 ,50) 
LTIIDT==l.I/l.l/l/.82/.6/ .3/0 
RD.K==POP,K/IA 
IA=l 
LE~GTH=56/DT=.l/pltper=2.5 
POP=P(0,200)/B==B,D=D(0,40) 

1 

2 

3 

4 

5 
6 

7 

8 

DYNAMb program for the rabbit model including disease. 
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Chapter 10 

THE DEN:'\ND HODEL (Reíd Nodel) 

This chapter deals \vith Reid's Interstitial Demand Nodel which is 

ac tually a sub-model routine nmv used in conjunction wi th the Ivater and 

Sewerage Nodels. The Demand Hodel calcula tes the actual \va ter 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 \vill have. By applying this model 

the user can gain an adequate perspective of the water and seHer netv10rk 

prior to application of the individual Water and Sewerage Models. 

o 
10.1 Model Concept 

The ~)em.::md Hodel is an application of technical coefficients \vhich 

were developed or acquired from other studies. The coefficients are 

modeled to derive the wate~ and sewage requirements with the accounting 

of these requirements to the different study areas for output. 
1 j 

The data is supplied to the model for each statistical analysis 

unit (SAU). The SAU's are selected in approxirnately one square mile areas, 
1 ( /, 

but with not more than two or three square miles per unit. Any system 

can be used that will require six numcrical 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 wan.ted •. The rural areas rcan be larger. 

o 



o 

o 

o 

10.2 Coding 
1 

' \' 

The time spcnt, by a pÍanning agency coding the SAU's in their study 
•' 

area •vill be' \vorth'tvhile if it is com-patible 'tvith all oth~r,. bo~ndary ar;eas 
- 1: ·- - • ' ~ - - j ( • - ' ~ ~ "'~ ' ' ~ ' . ... ~ .· 1 ~; -~ _) 1 ' • ~· 1 -

used in this program (i.e., political jurisdiction, watershed, etc.). It 
:_ ,,~ ·~- ' • '!. .. '~,. ~ · .. __ ,.,; ,' .~ _'.:1' ,_'.,.¡"' •• ~ ;~' ~ 1 

is suggested'that a map be used tha~ has the other boundaries on it (in-
~ Í..) ' ""¡ .._ ' :: "-; Í ~ 1 ' • 1 r • ' ~' ~, ' \ ; .,-

cluding census tracts) and SAU's be made using these boundaries as mu~h 
.. t 11¡ .,. :~ i .,:, e · ,: _ ,'" :_f " • ~ • • • • : J • ·, .._ • 1 ~ -> ~ · 1 • \1 . L · · · .... . ' 

as possible. This will allmv better analysis of the output re~ults. 
-- l, ,_ • 'r :: --' ' - •• ; .. • ~ ~' •¡! : : - : t.' :-

10.21 The coding for other areas are as fol1o't~s: 
'' 

(1) Political jurisdiction 

· (2) ·· Watershed 
1 

' (3) ., t.J~te!t treat~~nt 'pl~nt'' ,_._, 

(4) ··:~ftorage system'· '' '' 

,(5)' wagte treatmént '~lant '~' 
' ' 

(6) <Receiving. s(ream~· · 

(7). · iú~er 's'oúr~es/,; '' 

10.22 Also, it is suggested that all ar~as except '~atershed and 

' J ~ • ' ' - • : ' ¡- .. ' ,\, ' 

·receiving' streaní.s be coded n.umerica'lly:, in sequence. · · '" 

(lf ''Start' Hith one 'and 'numetfc.~ll:y á'Üocate each ·'succeeding 

' ,. ~- - ' - '-; 1;' ' -"" ("'¡ • ; • ' 

numbe·it" of each ·area 'tilr. they are alT a~counted 'for. 

· (2)' ·Each !íeJ plant.~r_.j.urisd:Í.cÚon will be as's'ign'ed ·the 
' ' 

next humber in its area~ 

(3) Numbers of the area mernbers are needed to set the "Do 
;! t ~)" ' -:. 1 

Loops 11 within the model.' These numbers also prevent the 
·r , 

' ~ ~ \ " .. ' 

1 
1 • 

· program f·rom·handling arge matr~ces that have many zeros 

in their structure. 

1 

'· \' 

' ; 
'·· " 
'' 



10.23 The dcmand model also has thc c.:~pability o..:: looking at several Ü 
special arcas made up of selected SAU's independently or with 

the general study. This allmvs 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 flmv. 

10.3 Advantages 
"\ J 

10.31 Capable of handling special users of water. These areas 

can be handled individually and this relieves the model of 

comp licated func tions for water usage or se\vage re tu m flo\v. 

10.32 Greatly reduces the process of computing vla ter and Se\vcge 
t 

demands for large metropoli tan areas. 
l 

10.33 Allows the user a large degree of freedom for exploring the 

future worlds. 
1 l 

10.34 Incremental change output (as model is run) great1y increases 

the users 1 gaming options to determine hm·l changes increase 

the ~ctual demands on system above their present operation. 
1 

10.35 Output is a1so extremely valuable in examining the delta change 
1 

in the specific study area ~· 

10.4 Disadvantages 

10.41 Data requirements are quite extensiva. 

' 10.42 ''Requires good data managemcnt to· keep it in proper arder. 

10.43 Use ·of equipment with good editing capabilities is mandatory 

if good use of alternative runs is to be made. 

o 

o 



o 

o 

o 

10.5 Data Files 

A data file of all information is needed for e~ch run of the Demand 

The model is then .run for each time ,increment .~vanted. 'Ihese data 
f.. •• ! 1 ' .~ •• ( - •• 1 ' .. ... ' 

file~ ~vill be duplicated as far as the a.rea ,CI=!~~-~gs ,·are concerned with 
~ r > < < J. ~ • n .,_ 

this base year· containing the ini tial data input (10.·6, Input). 
~ J} l. 1 j ' ' ' • • 

The data files for the future year~ ar~ .~~~el~p~d frgm the projected 

data (10~7, Outnut),. "'These~files have-.to .be.built using the same .areas 
1 \\-,.... l ') ~-~_, •• ,, ... _ - ~' :, l ,_ j .1 • 1 

that existed ih the previous files,. but can have l).e\v SAU' s in addi:tion to 

the old enes. 

10.6 Input 

10.61 

·~\ \ ~ ~ .-' -, 

For ea eh SAU 

(1) SAU e o de 
i. 

(2) Political 
{ ~~( - J') - \ ' - • J .. ~- > ·>, 
ju~isdiction code 

1 1 ;:e ... \ 
(3) Watershed code 

L 
(4) Water tr.eatment plant c·ode 

(5) 

(6) 

Storage system code 

Haste treatment plant·code 
C' ;- .. " 1 ' ~ :..: f 

(7) Receiving stream:· c'ode ·· · · 

(8) Source of raw water code 

''¡_ 

¡ l '· 

(9) 
"''"./-

'Special user code 

(lO) Population forecast 

(11) Land use forecast 
1 

(12) Cqrnmr. re :i_ a 1 land use forccas·t 
.J..; 

, ' 
\' 

,_ \ / 

.~ 1 • 

t' ; ' 

f • 
\ r'." 

,¡ '-'" (. 

(13) Employment forecasts by SIC code (21) 

(14) Agricultural land use forecast 



o 
(15) Irrigated land forecast 

(16) Special use~ forecasts 

(a) Colleges 

(b) Military bases 

(e) Hospitals 

(d) Industrial 

10.62 Unit use fac tors 

(1) Domestic by political jurisdiction (gal/capita) 

(2) Institutional (gal/acre) 

(3) Commercial (gal/acre); 

(4) Industrial by SIC- cedes (gal/employee) 

(5) Rural (gal/rural d'veller) 

(6) Irrigation (gal/acre) o 
(7) Special users (gal/person) 

10.63 Sewage flow factors 

2 (1)1 Domes tic 

(2) Institutional 

(3) Commercial 

(4) Industrial by SIC e o de 

(5) Rural 

(6) Irrigation 

10.7 Output 

10.71 Providéd ~or-the following categories 

(1) Domestic 
1 ,, 

o 



-0 

"l 

--0 

---------- ----- ·- --·-------------·~~~=-~--"----......;.-::..::..;_:._ 

(2) Institutional (including hospitals, schools and military 

bases) 

(3) Comrnercial 

" 

(4) . Industrial by SIC code_ and s,pecial user 

~ (6) .Irrigation 

·10~ 72 ~.¡a ter requirements 

J-0.73-

(1) By political jurisdiction 

(2) By source of supply 

(3) By w-ater treatment plaht 

' - 1 
(4) ~By treated watet ~torag~ system 

~ >J ' ' ' ' 

(5) 
:. 

S.ewage loads 
. ,, ' ' ' - ;,._ • í ~ J : ~ ~ ' "" ' 

By political jurisdict~on ~ :.· 

(2) . By-watershed 
' 

(3) 1 By sewage treatment plant 

(4) By receiving stream 

(5) By sp~~iai ~rea 

~· ~.~· . 

\ 
) 

.l 

·~. j ' 

( ' ' 
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Chapter 11 

Adequate supp1y of water of satisfactory sanitary qua1ity is a 

primary requisite for good hea1th. A safe and adequate water supp1y for 

2 billion peop1e, about t:lvo-thirds of the ~vor1d's popu1ation, is still a 

dream. Recent studies u¿ing mode1ing too1s for water supp1y systems have 

produced resu1ts such as: excesses and deficiencies for a city and infor-

mation about wor1d water supp1y activities (see Figures 1 and 2). 

11.1 Water Cvc1e and Its Characteristic 

(see E,'igure 2) 

11.11 Surface water 

11.12 Ground water 

11.13. Rain water 

11.14 Geo1ogy- rocks 
1 

Underground water sources - we11s, etc. 
E 

Igneous rocks, sedimentary rocks, metamorphic rocks 
~ E 

Sha1e and s1ate, sand and clay, etc. 

11.15 Stre?ms, 1akes, impoundmen~s, swamps, etc. 

11.2 Water Qua1ity 

11.21: Pub1~c.w~ter.supp1y criteri~ sources 

(1) U. S. Pub1ic Hea1th Secvice 

1962 drinking water standards 

o 

o 

o 
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Figure 2. 'WllO Hulcr Supply 

COLLABO~ATION P~OVIDW BY ¡•:.¡;o IIJ C•JN.IAUNITY \'/t. TE~ S U?PLY AND OTHE? ENVIROW.\ENTAL ACTIVITIES 
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Figure 3. llydrologic or Wdter Cycle 
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(2) Water Qunlity Criterin, A~ril 196b (see Figure 4) 

Report of the National Technical :,cl,Jisory Committee, 

Secr~tary of the Interior 

11.22 Sanitary survey - water sampling 

11.23 Bacterial examination 

Coliform, fecal cotiform, E-coli, total count 

Membrane filter technique 

Streptococci, enterococci 

~ost probable number (MPN) 

11.24 Physical examination 

(l) Odor 

(2) Tas te 

(3) Turbidity 

(4) Color 

(5) Macroscopic and nuisahce organisrns 

(6)1 Temperatura 

11.25 Chemical examination 

(1) : Hardness 

(2)3 Alkalinity 

(3) pH 

(4) co
2 

(5) D. O. 

(6) Lead 

(7) Coppcr 

(8), Lime 

,'' 

(9)r Chlorides - of intestinal origin; residual 

í 
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Figure 4. Surface-'t·7ater Criteria for Public Hater Supplies 
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Figure 4. SJrface-water Criteria for Public Water Supplies 
(continued) 
., 

Con .LiltH'Jl( or Ch.,r.l(.(Cfl\{1~ 
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(10) Iron 

(11) H.:maganese 

(12) Sodium 

"(13) __ Sulfa.tes 

_~_(i4) -Total ciissoived sófid"s 

_(1_5) . F1uorides 

(ll)-)' ABS '- Atky Bengene· Sulfonate 
.,. 
' 

~(17)'' · Free :Amonnia 
' '- ,. ' ' ~ 1' ' - .: t 

· :(18') . Al bumiuoid Ammonia 
''! ( ' 

(201 · 'Nitra tes 

(:Úi, _ -~ydr\)~en ,Sulfide ' . 
• ~ ~ 1 • 

(22), Uranyl Ion' 

(23/ ·Fbeno1s 
·' . . ; 

(?4~ Radioactivity (gross beta) 
' - ' . - .,_ }; . ' 

(25} .Carbon -- chloroform c~tract ~CCE) •• 't. 1 '1 

(26)'' 'Pesticidcs 

(2?) ~. Phosphorous 

(28) Hcrcury." 

11.26 Miccoscopic examination ·}' 

Pl.::n1kton - algae, fungi, protoqoa, roti'fer<:,· cr'ustacea 

1' 

.t 

Demands for Water Supp1y ' 
! 

(see Figure 5~ !, 
; ., 

'• 
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Figure 5. Guides fo~ Wct~r Use 
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Figure 5. Guides for Wáter Use 
(continued) 
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11.4 Trc~tmcnL of W~tcr (see Figure 6) 

12.41 Ch1orin~tion 

12.42 P1ain sedimcntation 

12.43 Micro straining 

12.44 Coagu1ation and sett1ing 

12.45 Fi1tration 

12.45.1 ·S1oH sand fi1ter 

12.45.2 Rapid sand fi1ter 

12.45.3 Pressure sand filter 

12.45.4 Diatomaceous earth fi1ter 

11.5 Control of }[icroorganisms 

(see Figures 7 and 8) 

11.0 Causes of ~astes and Oaors 

(1) Oi1s 

(2) Hinera1s 

(3) Gases 

(4) Organic matter 

(5) Hicroorganisms 

(6) Hnstes from p1ants; seHage 

(7) Heeds, decaying vcgetation 

(8) High concentra tion of Fe, Nn, so4 , R
2
s, CL 

11.7 Hcthods to ;{c~movP. or Redncc Ob·jccti.nn.:Jl Tostes and Odors 

(so2e Figure 9) 

(l) Free residual chlorination or s~perch1orination 

o 

o 
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Figure 6. 

· , 'l'rcr.tm~nt of WniÚ-Ddign nnd Opcrnlion C~ntrol . 
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Figure 8 •. Dosage of Coppcr Sulfate and Residual Chlo;ine, 
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(2) Chlorine-ammonia trcatment 

(3) Aeration or forced-draft degasifier 

(4) Application of activated carbon 

(5) Filtration through granular carbon or charcoal filters 

(6) Coagulation and ,filteration .of .Hater_..,,. , 
~ !~ ~, .::... ! ~ - ~ ' • ' • ' ' ' \ , ' • ~ ~ ... j 1 •,' ~-"" 1 .j • _..,., 

(7) Control of reservoir intake level 

(S) Elimination or.control of source of trouble 

(9) Chlirine dioxide treatment 

(lO) Ozone treatment 

·.,_, 1 • 

~~....:,, ,'o 

11~8 Water Softening 

i2.Sl Sdda-lime procÉ{ss' 
.... 

' ' ' ,_ 
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12.82 Ex~ess lime proccss 
r, ;t;, 

12.83 Zeoli te' (ion exchange proc·ess) 

12.84 FlÜ~ridati;~ (doe~· not soÚ:e'~ water) 

11.9 
' 1 '' 

Emergencv'fiisinfe¿ti~n-~~ S~alf~~lumes of'Wat~~ 

(see Fig_~.r~ 10) . , ·'! . 

11.10 Ha ter· Netívork ·Model· ... 
' f'', _,' 

., ~· 1 {) .. 1 ' ',!' ' ; 1 • :_ t, t J • ~ 

Figure 11). Figure 12 shOí-lS the structure of th'e water supply networl< 

model. The model begins with the formulation of net,.¡orks and continues 

vlith a coarse sort 9f _the.alten1ative net\·1orks. By using a specific 

program, an out-of-kil ter algori thm, feasible a 1 terna ti ves ·are anat'yzed 

next, together with their associated costs; to reach thc opti~al solution. 
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Figure 10. Emergency Disinfection of Small Volumes of Hater 
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• • 1 ¡.¡,.,, .... ,., ... ) (1 llr¡owl ol. = 61~ •'"'1"·) :.l.okc >UI<" chl<HIIo< >oluuon or po\\J<·r is 
• ,¡,_ • fu< 1-. hy m.ol-.on¡: uothu!Uiidmc tnt. 
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11.11 Gdsic Consid0r~tions 

The b;:¡si.c objective of t:-,e modcl is to 'determine hmv the dcsired 

1eve1 cif network scrvice can be most efficiently provided to the metro

po1itan area at the least cost. In thc accomplisbmcnt of this objective, 

therc are ccrtain primary considerdtions that have to be nade. 

11.11.1 The selection of source and trcatment plants can be modified 

depending on quality and treatment required. The selection 

of sources and the required treatment can be modified in 

pa rt to fj_ t the ne twork. 

11..11.2 The cost indebtedness of existing facilities is fully 

considered as is the ~bsolescence of these same facilities. 

11.11.3 If a1ternatlvcs are to be considered, then the feasib1e 

locations for these facilities, •vithin the network must 

11.11.4 The maximum flow or capacity can a1so be used to explore 

a1ternatives and constraint resources. 

11.12 \!ater Nodcl Co:,t Functi.ons 

The "modcl" consists of the employwent of the different types of 

cost functions that are incurred in the development of wat~r supplies. 

Basically they can be categorized ínto four components. 

11.12.1 Ha ter source cos ts for ei the'r surface or groundHa ter -.;v-hich 

i.nclude costs for reservoirs, streáms diversions and well 

fic lds. 

11.12.2 T~ansmission costs wl.ich incl~Je costs for pumping stations 

and pipelines used to convey the water from its source to 

the area of use. 

o 

o 

o 



·O 

o 

o 

11.12.3 Trc::~tmcnt costs 'tvhich include costs for raw wat~r storage, 

tre<t tment pl:mts and pumping p1.-!nts. 

11.12.4 Di~ tr ibution costs, 't·7h:Í.ch ihclude costs for pumP,ing sta tions • 

'storage tanks and 'tvater mains. 

In general the costs are broken do"tvn into capital expenditures 

and operat{on and maintenance costs. Caplta1 cxpend{tures inc1ude costs 

J 
for engineering design, land and right-of-\·lay., water rights, constructions, 

1 .... • ' 

administration and' financin~-. Operatl.on and maintenance costs include labor, 

materials, adll!~n'i~trá'tion and overheads,· chemicals and po"tver. Capital costs 

are presented as equivalent annual costs using an interest rate of 6% and 

a period of ~~ ·xe~q:s; Operation 'ánd maintenance· costs are .presented 3$ 

annual costs. \ . ; 

' e = 
n 

Equivalcnt onnual únit 'costs of pumping sta.tions ·iri" thousa11ds 

11.13 

of dol1ars/station/~gd 

* Cost Equations 

11.13.1 Water sour~e cqsts 

CR = 74.2 :xR-·
38 

'· \ r 

(1) 

= Annua1 unit costs of impounding reservoirs 
in thousands o~_pol~ars per b~1lio~ galions. 

·X 
R 

= Design cap~c.ity of reservoir in billion 
gallons · 

\ 

\·7herc, C ··= Equivalcnt annua1 unit cost in thousands of 
S. dollars/mgd 

X = Design capacity in mgd 
S 

-:: Equntions are not standard equat-ions but examp1es for dcmonstration 
purposes only. 

(2) 



11.13.2 Trcnsmission costs 

e 
p 

= 41.3 X -· 49 
p 

(3) 

Equiva1cnt annua1 cost for pipelincs in thousands 
of dol1ars/mile/mgd 

X = Pipeline design capacity in mgd 
p 

A = 1.32 X -· 49 
p "p 1 

Hhere, A 
p 

Annual operation and maintcnance cost in 
thousands of dollars/mile/mgd of f1ow 

X ,= Pipeline utilization level in mgd 
p 

e = 6.65 x -· 314 
n p 

(4) 

(5) 

where, e 
n 

Equiva1ent annua1 unit cost oi pumping stations 
in thousands of dollars/ s ta tion/mgd 

X Design copacit.y uf pipeline 
i? 

A = 2.12 X -· 314 
n p'-

X ' p 

Annual opcration and maintenance cost in 
thousands of dollars/station mgd of flow 

Pipeline flm.¡ level in mgd 

11.13.3 Trcotment Costs 

where, Crs = Equivalent ann~al unit costs for raw water 
scorage in chousands of dollars/millio~ 
gallons 

(6) 

(7) 

Xrs Raw water storagc design capacity in million 
g.:tllons 

o 

o 

o 
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A 
rs 

e: O. lO X 
rs 

-.201 

\~lcre, Ars ~ An~~al opcration and mnintenance cost in 
thousands of dollars pt!r million gallons 

(8) 

Xrs = Rmv ,.;ratcr stor.:~gt~ dcsign capacity in million 
r;allons 

e 
t 

X -. 247 = 25.6 
t 

(9) 

\vherc, e 
t 

= Equivalent annual unit cost of treatment plant 
in thousands in dollars per mgd 

X 
t 

= Design capaci.ty of treatment plant in mgd 

A = í.25 X -· 257 
t. • t 1 (lO) 

where, A 
t 

= Annual operation i3nc.l. naintenance of treatment 
plant in thousands of dollars per mgd 

1 

Xt,= Operating lcvel of pl.mt in mgd 

11.13.4 Discribution eosts 

e = 14.3 x 
ts ts 

-.274 (11) 

= Equivalent annunl unit COé>t for t:r.c.:ltccl 'io/ater 
sLoragc in thousand~ of dollars per million 
gallons 

X ts = Dcsign. capacit::y of trcated \vatar storagc 
facilities in million gallons 

A Q 1 80 X •· 274 
ts ' ts 

,, ? ) 
\~-

whcre, A 
ts 

X 
ts 

.. 

- Annual operations and maintenance costs in 
thousands of dollars pcr milliori gallons. 

~ Design capacity of treated water storage 
facilities in million gallons 

o 

o 

o 
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(Sec Figure 13) 

The model stm:ts 'l.vith a "s.~per_.s.ourcc 11 , 't_h_ic_h is ~_a_s.ic;:qly t~~- _. ~: 

environment,· and· feeds, t}1~ :~ater; ~l?_t~¡;c:_es, .~h<:!_t ·supply the net\.Jorl<. These 

J ~- -

sourccs are_.,t_he _fi~s t ~eries of ~odes. ~-ince eac,h no<le · ~an 9e_ intercon-

n~~~c~_::t.Jith one or more ares, the_ ~ost f"ti~~t:i~ns '?a~ _be .c}isaggregat~d 

by -t~.e -~ser. This is accompl~s_h~~ by_ ,deter:min~ng __ ;he }b<ed ~~s~, the. 

_c_ost incurr~d by the using' agency_ ~o:_n~atte_;: wh_~t}'l~r ~.ht: ~aci_1;i.ty ,is used 

or ~ot, and ~assigning a flow of 1 mgd :to -t~i~ "!:~~. _I_n .pt4~r \.Jords_, the 

:<fi_xeci costs of a link in the ;ne_t_worJs ~é!t.:e as_sigt}~d ·~O -9.~ _a_r~. t:hat c~nnects 
' -
) 

- ' 
~tl~~- -~o nodes whicl! deno~~ th_e ~1}-.tJ;:,an~~ _ax~d~C??Ci::t ~f: o~h~!:· ,faci,1ity. Then a 

flow of ,1 l"(lgd fs ás-signed as the· upper· and· 1o,.¡er limi ts. These "1 mgd 

fake flo-.;vs 11 have to be -added -t_o t;Q.e_ -11 9up_er s9urc_e 11 -:1il}k fo~.._ea_ch ~re ~f 

_fixed costs that are assigned t_o the net\-Tork. 'l'hey must also be balanced 

in the net•~or1< starting '1.-Tith the "sup_er sink" and \.Jorking back~-Tards to 

, -
The costs for different va-riables, .\vhich are linear in this model, 

are then assigncd to another are that·. describes the facili ty, and the proper 

upper and lo\·7er bounds are- also d'esignated. ·:By using 'this tec:hn.iq~e;· the 
~ : ~ - ; ;.i -~ ~ ' 

cost functions can be c1osely approximated for each link (see Figure 14). 
. -:. ~- <- ~ ...... ~·- ·~- ._ ~ - ,J. • ' -·-~:·':_ 

The net\-Tork is made up· of a sy,;;tem of nades and ares that are 

interconnected by ares (see Figure 15). Each node repres~nts an intakc or 

exhaust of sorne facilities. Depending on the d,egree of accuracy p.eeded, 
... ·- 1 

computer capabili ties and availaole · cost data, this n~t~·10rk can be as 

detai1ed as necded. An arc-riode grouping can reprcscnt a complete treatment 
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plc.nt o¡_· e::tch of thc steps through thc plant. The usu-~~ procedurc is to 

simplify thc !1(!!:\.;ork as much ::~s possiblc, depcnding primarily on cost 

d.:1to, for the initial runs. h1hcn flm.;s h.Jve been detenr.incd, then un

fcosible or undcsiJ.·.:1ble permulotions of the nctwork can be removed and neH 

networks in detail c.:1n be dcrived and run. 

'• 

. \ 

o 

o 

o 
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Clwp Le r 12 

It is generally rccognized that improvcd '\vélter quality Hill enhance the 

inunediate environment, augment the useful supply of uater, and reduce costs 

ste;n.ming from the use of polluted water. Water quality is impaired primarily 

by the use of the water as a receptor oi wastes. 

Natural water is not pure. Its quality is affected by a variety of 

geologic, hydrologic, and bíologic 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 ~atercourses. 

Dissolved minerals rendered sorne of our surface and ground waters unfit for 

certain uses long befare man appeared on the sccne. But most of what we call 

pollution tcday results from disposal of the waste products of civilization. 

Pollution sources are of two typcs as follows: 

(1) Waste disch~rges from identifiable points (point sources); 

( 2) Dif:used Has tes rcaching Ha ter through l.:md runoff, u<Jshout 
from the atmos?here, or other meanc (nonpoint-sources). 

The tHo differ in their amenability to control. Discrete point sources rr.ay be 

controlled directly '\vhile nonpoint-sources .::lre extermely ciifficult to control. 

}1odelling is being done in both areas for planning and management purposes. 

12.1 Tvpes of Wastewater 

(2) Industrial wastes 

(3) StorrrMater 

o 

o 

o 



¡ 
. ..J 

.O 

...... _· 1 

,-

L.o 

;; 

o 

' , 24 12 

, ' 
Tha env1ronmcnt 

!E 
20 
18 

2 

24 

, 1 

12 

-·o ~ 12 

o 1 

o 12 

2 3 4 
DJyS 

24 36 48 
'Miles· 

, '· 
60 72 84 

' , .. ' 
1 

Ul'~umpo~': on ol 
cat:ill'l.lC..!jU~ rn"'tkr 

A~7a~:¿- :·~c-o;~~~o.;.-¡· 

5 6 7 3 
J 

60 72. 84 96 

~.t.~ 

Figure 12.1 

IOn 

'~-

,. 

9 

108 

''· 



12.2 T\·ocs of Collcction Svstcms 

(l) Organized 

(2) Dispersed 

12.3 s~~ll Water-borne Sewage Disoosal Systems 

12.31 Septic tank 

A septic tank is a \vatertight tank designed to sloH dm·m the 

movement of raw sewage and 'mstes passing through so that so1ids 

can separate or sett1e out and be broken doWi1 by liquefaction and 

bacterial action. It does not purify the sewage, eliminate odors 

or destroy a11 so1id matter. The septic tank simp1y conditions 

the sewage so that is can be disposed of to a sub-surface leaching 

system or to an artificial sand filter without premature1y c1ogging 

the system (see Figure 12.2). 

12.32 Sub-surface soil absorption systems 

(1) Ti1e fie1d system 

(2) Leaching or secpage pit 

(3) Cesspool 

(4) Dry Hell 

12.4 Sma11 Sewage Disoosal Systems for Tight Soi1s 

12.41 Evapotranspiration 

12.42 Transvap systems 

12.43 Modification of conventional ti1e fie1d system 

12.44 Waste stabi1ization pond 

12.45 Aerobic sewage treatment unit 

12.46 Sand fi1ter 

o 

o 

o 
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12.5 Sm.1ll TrcaL~~t'nt Plant 

12.51 PLmning 

(l) Tailor-mcde to fit thc local conditions 

(2) Take into consideration probable futurc additions 

12.52 Chlorination 

Chlorine is added to sewage for a variety of purposes. One 

of its major uses is for the partial or complete des~ruction of 

pathogenic organisms including sorne viruses in sewage. Other 

uses are control of odors, undesirable gro,.¡ths, se1-1age flies, 

septicity and chemical or bacterial reactions unfavorable co the 

treatment process. 

12.53 Treatment of sewage 

12.53.1 Primary settling tank 

l2.53.2 SP.condRry treatment (see Fjsnre 12.3) 

12.54 Trickling filter 

A trick1ing filter may be used fo1lowing a primary settling 

tanic,· a scptic tank or Imhoff tank to providc secondary treat

ment. 

Small standard rate trickling fi1ter- 200,000 to 300,000 gpd 

per acre-ft. 200 to 600 lb. of EOD/acre-ft./day. 

12.55 Extended aeration 

Extended aeration plants also referred to as aerobic di~estion 

plants (see Figure 12.4). 

12.56 Wastc stabili~ation pond 

In aneas wherc ample spacc is ava~lablc, preferably 1,000 ft. 

or more from habitation, with considcration to the prevailing 
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'1 
' 

12 .·61 Tr,eatrnen.t pr.oce'Sses 

((l) l.élgoon 

r2) 1?rirnary 

{3.) .Ac.ti-va ted sludge 

(E4) Extended aeration 

(5) Ninirnum so1ids 

1(:6'D Standard .trkklirrg fil.ter 

:('l) High rate trickling fil ter 

(.8) Activa~ed sludge 

12.62 Treatment ,proces.s subs.ti tu·tion (.se e Figure 12 .• 5) 

12 •. 63 Tr.eatmen.t' cost·s 

{1) Muni·cipal (see Figure i2 •• 6) 

\ 

{2) Indu~~rial (see F~gu~e 12~7) 

·(3) Re1·ati·onship bebveett ·Qu?lity and ·cost {see Fi·gure i2 •. 8) 

12.7 Large Seuage Treatment Plan.ts 

12.71 P1·anning 

(1) Regiono1 and area wide se~-1age p1anning 

(2) 
.. 

Hater qua1ity and effluent standards 

(3) A1ternative so1utions 

12.72 Conventional trentment processe·s {see Figure 12 .'9) 
1 

.· 
12.72.1 Preliminary or screening ., 

(1) Raclcs 
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(2) Scrccns 

(3) Gr:i t cl1ar.1bers 

(4) Ski~Jing tank 

(5) Comminutors 

12.72.2 Sett1ing 

(1) Plain sedimentdtion 

(2) Imhoff tank 

(3) Chemica1 precipitation 

12.72.3 Bioiogica1 treatment 

(1) Intermittent sand fi1ter 

(2) Contact bed-

(3) Trickling fi1ter 

(4) Activated sludgc 

(S) R?pid sand fi1ter 

(ó) Stabilization pond 

12.72.4 Sludge disposa1 

(1) Digester 

(2) Vacuum fi1cer 

(3) Wet combustion 

(4) Incineration 

(5) Drying bed 

12.72.5 Disinfection 

Chlorination 

o 

o 

o 



o 

o 

o 

The smverage nct~vork varíes from the 1;.¡ater net\vor!( in that ~~ is 

primarily a gravity floH system. The use ,of pumps, -eressurized lin~~ 

and lift st~tions are normally avoided and are only implemented when 

absolutely necessary. 

The se"tVerage net~.¡ork begins within each small basin with a collector 

system. These grid or block by block collector networks are sized by using 

the technique described in 11 Systems Approach to Hetropolitan and Regional 

Area Water and Se~ver Planning11 by G. W. Re id. 

the col lector systems· into the se~.¡er mains. 

The sewage then fl'o~.¡s from 

These mains are also designed 
• 

using the technique described in the above mentioned report. 

The pro·cedure for formulating the s~Her net~vork is identical to that 

of ~.¡ater neavork. ·The first step is to e~tablish the current net\·Tork from 

Lhe inventory data. 'I'he p:roceJures anJ fi?..-ms used o.re sa;;-.e <J.:> in t.;élteo: r.et• 

Hork mode:l. .The only difference between this phase, which is for the ·Se't-ler 

net'tvOrks and those 'for water ÍS that the flOvl ÍS reversed. The identifica-

tion 1of the real net\·7ork and its shortages and capabili ties is handled: in the 

same manner as water. It is also advanced intol t:he 11desirable" \vorld~ and 

evaluated as to their incremental capabilities,· deficiencies and availabili~ 

ties using thos e techniques· described in the previously mentioned report. 

The data requirements for this model are :the same as those requi'red 

for the 't·Tater network. The only difference is in the cost curves and 

functions used to provide the actual costs. 

The se\Jerage moclel has a format similar to t:he water supply modcl 

(sce Figure 11. ) • The moJel begins wit.h the for.r.ulation of net\·lOrks and 

.. 

'~ 
\ 
1 



continucs with a coarse sort of the alternative networks, analysis of 

=casible alte1üatives (see examplc, Figure 12.10). 
o 

o 

o 
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Chap ter 13 

SOI.J:D 'h'.'\STE 

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 

frorn the application of current technology under present concepts of economics 

and social objccLives (see Figure 1). 

6 
Annually, 250 x 10 to~s of solid waste are produced and Lhis amount is 

increasing at about 4% per year. The problem of solid wastes will not be 

resolved by sorne great scientific breakthrough similar to the splitting of 

the atom. 

13.1 Solid \;2ste Sub-model o 
A sub-model for solid waste is not complete1y deve1oped, but it is being 

constructccl along thc samc 1ines as thc \vatcr and scHerage netHorks. The 

structure Hou1d be similar to Lh.:Jt of thc ivdter supply nctHork model (sce 

Chapter 11, Figure 12). 

13.2 Sources of Solid Wastes 

(1) Residentia1 

(2) Restaurants and hote1s 

(3) Institutions 

(4) Pub líe offices ancl facilities 

(5) Heal th services 

o 
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(6) Com:::ercinl 

(7) Construction and dcmo1icion 

(8) 1\gricul tu re 

(9) Industries 

(10) Hining 

(ll) Hiscel1aneous manufac turing. 

(12) Non-c1assifiable estab1ishments 

i3.3 Tvpes of Salid Wastes 

(See Figure 2) 

13.4 A~ounts of Salid Wastes 

(See Figures 3, 4, 5, 6 and 7) 

13.5 Salid WRste Disposal 

13.51 Jisposal to sink 

S .. .mitary landfill is the main process by v7hich this type of 

weste disposa1 is carried out. Sanitary landfill, according to 

sorne authors, is a thing of the future, i.e., it is the only 

majar method of waste disposal to take care of our future solid 

wastes. From all indications, this is quite 'true. Sanicary 

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 ultimJte sink for the gases produced. This is practicad on 

a large scale too. 

o 

o 

o 



o 

o 
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Figure 3 

Amounts of Salid Waste o 

National Averages (lb/cap/day) 
Item Urban Rural Total 

Domes tic 1.26 o. 72 1.14 

Commercial _0.46 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 swee¡,ings 0.11 0.03 0.09 o 
Niscellaneous 0.38 0.08 0.31 

TOTALS 5. 72 3.93 5.32 

o 
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1 
1 

' :1·95:5 195il-'58 1965 J96S 

!/b.s/ C.!J~/;'T 1//;¡r¡.c.Tf(¡.da~ 1bsJ,:•lP./YT~ lbsjc.1pjday /bsjcap¡yr .1bsjc.1Nd·•Y ·Jbsfc..Tp/.'lf Ib:¡c.!PI•I.q 

Cim:ina~:t·i, 'Ühio 1,"103 ,3!03 1,235 .3.4 1;j6S 3.H 

G.1nlcn .. Cir,,~. N.Y~ !1,,1'372 3.P :1,43'82 3:92 1,30S2 3.62 ¡,.¡;.¡.:: 3!)~2 

Los A·n.;clcs,,Calif. 1,6717 .:~};6 2,373 6.5 2,535 6.9S 

~e\\' \~ork, N.Y~ !826 .2.3 1,32.5 13.6 J,,f83 4.1 

Sc:mlc, '\1/aJh. J8:t2 2.3 1,370 ':3.8 -¡¡ ·1.,508· 4.·1 1,431 3.S9 
¡, 

\ Vashif\:,;;ton, .n.c. • • 11;638 .;4.5 - 1,545 4.2 1,739 4:76 

'bcluüc~ r.:fuse .actu:illy ,édllcctcil'.undcr -ciry ·aus'p'icc~, rc;prdlcsa .of.m~~hod of ·collcciion. Docs not ir.cludc :.utoor.oi:,ilcs or c:ndc;s. In thc 
195-; sur.\ e y, ;¡,p,;.rm1::n: .housc zmcincraror a~h .was d!c-ilatcd !in tcrms oi ·c¡¡ui\·alcnt' amoum~ ·o( !hous..;hol~_rcfusc. . 
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.Somb-
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Figure 6. 

SOLill W ·\$1 rs COI LECTEO ¡;-.; TllE t::"l reo ST.\ TF.S 1 

Tot.1l Urb.w 

Pop. ( 1,000; Pop. ( 1,000) 
l?...:porttllg iúst.-.:pjd.Jy R.:porring /b,¡c.rp¡d.ly 

Co::tl>Inccl hou-;::hold & 
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-) ·- l) l. 'JO 
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1 ]Cj(,!-) :"- ¡[10!1.11 ~"1lll \t.:\ of (:O'llllll!,i,[" !JoJa} \\'1'.il. Í)r.¡L{H,.LO.,, 

:.!ft h <1f l!HLI..:..,t ro llO{l' r:11t thc "lif\1...\ ,¡)tJI\...ltl"\ ~h.~r \\hllL' hout;;;Cho!d \\",\'.tC\ :l!Hl 
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l3. 6 

13.53 · Conversion ~ 

Composting, digestion. An ab(mdance 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 Indirect 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 Diveriion at source 

So lid 

13.61 

13.62 

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. 

Haste·Systems 

Type 

(1) Municipal and industrial 

(2) Agricul tural 

Functions 

13.62.1 Storage 

(1) Conventional closed storage 

(2) Storage in specialized container 

(3) No storage 

o 

o 



o 

o 

o 

13.62.2 Co11ection and transportation 

(1) Vehicular transportation 
' . 

(2) Pipeline transpprt '' 
•' \ 

Separa te pneuma:tic pincl\ir:.e systems for the . .. 
' 1 

' ' ~ ~: 

transportation of so lid \vas tes have'been proposed and 
r-

in a few cases constructed. The_·.costs.~_-_of such sys'tems 
...~ .¡'' ). , 

. appear to be approximately thirty. times the cost of 

standard vehicular systems. 

,. ' 
1 ¡ ~. 

¡• : 
i 

13.62.3 Processing (See Figure 8) 

(1) Incineration 

Incineration :¡;',educ'es. the "i·7et weight' of municipal 
' . 

(,,"',. 

\.;rastes by approxi:nó.tely 80% and the volume by approximately 
'... ' /' ' 

,./ 

90%; '-it is, :however( an expensive operation (presently 
'e' 1 
,.. ,...{_,~ .1 

about 4 to G tirL,;;s Jr.,:Jre ¿::~pcnsivc tha:1 sanit-'lry landfi.ll) •. 
. ,. 

Costs can be. expected tor increase still more as increasing 
~ ..... ) ' -

standards of air quality: are established and enforced. 

(2) Composting 

Although manY' compdsting~. operations· have not beert: 

success ful, : the po'tential be~~fi ts of comp·ostíng ca·n 

not be over~ookcd .' Hos t' .. failures are caus·ed- by liigi.i 

initial operations- cost ;and lack of ma'rket for¡. the 

produc t. f' 

(3) No processing 

·No processing assutncs on1y inciden-tar processing 

that is not .basic·: to the concept .. 

¡ 
1' 

r 
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o 

o 

13.62.4 Disposa1 

(1) Land - san~tary landfilling 

(2) Atmbsphere 

(3) Ocean 

13.62.5 Recovery 

13.7 Effectiveness Mensures for Solid Waste Ma~a~ement Svstcms 

(1) Pe9_t_ and .vector propagation 

(2) Other physically disagreeable or harmful· effects 

(3) Safe~y hazards 

(4 Incidence of disease 

(5) Convenience to the waste producer / 

' , ... / 

(6) Adaptability to statutory o_¡; other .chan~es in requi!eme11ts 

(7) System rcli.a~Hity -~-- :·: 
' '"~ .... 

v'J, 

(8) Production of saleablc by-prouucts 

(9) S'é!lvage· of resources for returp to t_he economy . 
, . ~ . . ". -- --- - - _ _.__~ ~ -- ~- - -. - ··,. 

. ' '·• ''·' 

·~~ can 6ptimiz"e .b~~,e~fi::s such 
·~ • z ,, ' ; ·~ .al'i..., ' 

(lO) ·Go'nservaÚon of lan'd resources. 
" ~:' • 1 ' 

as this or costs. 
,•• '. ' 1 1 • •• ) 

13.8 Costs of So1id Waste Management Systems 

(See Figures 9, 10 and 11) 

. ,, 

13.9 Equipment. Reguirement.s --

i. 

,¡ -- • • 

¡: 



4 00 

3 00 

"' 1 
:e 
o 
~ 

e: 2 00 
<.U 
a. 
~ 
(/) 

o 
o 

1 00 

o 

TO~S PER Yi:/\fl 
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100,000 
320 

122.000 

' 83scd on 6-dJy work week. 

Figure 9 

2co coa 

244,000 

300 000 
s.;o 

366,000 

' Based on na:1onal average of.; 5 lbs per person per calendar day. 

400,0GO 
1280 

468,000 

Estim<Jtr.d Cap¡t¡¡J Costs, Encroy and il/bnrow.;r 1\Jccds, 
Thre.c MeclloniCJI Coonpost Plz nts ( 1970 f 1 au res) 

r':urfi(·ld \:crm\\';1qc me 
(J[)JCity 

T¡'J1y $X JO' hp Labor sx 10' ' hp LJbor S X lO' hp 

100 1.4 900 8 0.9 1250 1•2 l 4 600 
200 2.1 l·lOO ll 1.2 1700 17 2.1 200 
300 2.5 1700 14 L5 I 900 25 2.7 950 
400 3.2 2500 20 1 6 2000 30 3 2 1100 

SCO,OOO 
1600 

610,000 

L:bor 

20 
28 
36 
45 

o 

o 

o 
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. YCM~ CONSfRUCTE'D ··· ::·'"' ;.·~ • ·;.· .• ,;,. 
1 ,, ,\ J 0 j ~' T \ • ~ < : ¡ . 

. Qrig,illaf _COI/S! J'IIC lÍOn COSI J '{ or~. ·7-f áll~ tdf fnc'iucrtJ,(ors, bui/t . . 
for llili(Jicipt~(,vtics úct'l.~·pcu 19·M' aiJ[[ 196:/. Costs 'l.~·':' e co711putcd O!l tb~ .(' 
b,uis)'Óf' iix mtmúcr of to11s thc incinerator c<1n lwm in a ;dayt· Tb.e_1 

• ' 

Ngbest cost ¡;J,wt ~~·,¡~ bmlt ÍJt./96,~;. tbe_./rn~·c·.rt 111 /956. (f~}i:jh:m:'c( 'fTO:!'!. 
d,ua of tbc S(J/id 11",¡stc:s EogulcNing 5icction, Committée •im ·s.witáry 
Eugincerh1g Rcsc.Trcb, /lu¡¡:rh;•.111 S'ociety of Crríl Eugi1~ccrs)~ .,.·. 

~ ... 
-, ;,r 

--: '· ~···; 

':. ,·.<: 



Figure ll 

;\\ ,¡,•rt.d ltc,·,wny Sy~tc:n (\' ·tnout sl:~.:d,!in¡:: cn~t:,) 

11.\SIS Co>t oi sJ:rcd,::nr, nut lilí.iudcd, l.C., th.: :'~! RS systcm 1s addc<! nnto a 
~y~tcm tlut .ndtHks ~l!rcddwg 

COSTS 

C.J;lot.J! <.:OS["' S600,00Q 
,\J:nu.:l CJ!'Jt.d ro~t C6'7á, 20 yr !Jfc = $52,000 

, Opc:rJttng costs 
L.1bor-·l m en ( l pcr ~]¡¡ft) €S 1 0,000/yr. = $40,000 

P.1yroll extra~ G!25% 10,000 
;\IJ¡ntcn:mce 20,000 

Tot.ll cost = S 122,200 
TotJ1 u.1:: cost @l ~ 1,000 tonjyr 
Total umt cost @186,000 tonfyr 

l:"'CO?.!E 

= SJ.OI/<on 
= S0.66/ton 

fcrrous G5'.ó of ":1s recem~d" so!Jd w;¡stc,@ S 15/ton ,., ~-0. 7 S 
,Alu;mnum Ci:O.Sfo "as rece¡vcd" sohd wJstc@ S200jton 1.00 
G!Jss, sand, etc., e15% "as recen·cd" sol!u w::ste@ S3 00/ton = 0.45 
Other mctals ~O 25% "as rccetvcd" solld waste G: $300/ton = 0.75 

Total mcome = S2.95/ton 
Net incomc (1 86,000 ton/yr.) = $2.95- 0.66 

( 121,000 tonfyr) = $2.95- 1.01 
' = $2.?.9/ton 

= S 1.94/ton 

,For :·erro.;s ~~cov::ry only as>ume: 

costs =SO 25/ton 
wcomc = '50.75/ton 
nd tn'-o:n<:'"" SO 50/ton o[".,~ recéiv.:u'" ~oiJu \vo.~;,(e 

Sourc<! Cornbust:an ?owcr Company 

C!'U .. \00--Llc(..trictty ProductJOn Only 

!lA~IS. 3 power n¡o,lulc~ burn1ng 110 tonfJ;¡y c:~ch 2<1 hr/ri.Jy, 'J <:.1yjwk, c:~ch 
¡~ener.l'tJn¡_; 2250 l.. \'1 ot cJ,·c<rii.:J:y; ",,~ rccetvcd" wl1d wJ<;tc tndudc~ >ol:d WJ~lc 
!Jlifllt:d ;1!U~ 15~'á Jlf cla~\Jl!t:f fJiiOll[ plUS:)~;, W,l[~r IO~S 011 shrcdd111g 

"A> rccc¡vcJ" sol:ds W3\tC = (110 to,¡jJ,¡y) (3)/0.1)0 -= 390 tonjJ;¡y \285% U[J.l¡. 

Z<Jlton (310u:::.yfyr) = 12l,ú00 tonfyr 

COSTS 

Cap1lal costs = S6 m:lhon 
AnnuJl ~.lptl.ll cos~ C'G':ó, 20 yr = $522,000 
Un,¡ c2p1t:l cost@ l 21,000 tonfyr _-

OpcrJtJng cost 
L:!bor-16 mcn (4 sh1fts) @S 13,250/yr = $212,000 

Payroli extras @25% 53,000 

~.!J:ntcnance = 252,000 
Ut¡!Jt¡cs (900 k\V @'SO 010/kWh) =;; 76,700 

Total J;mu:ll opcrJting cost = $593,7GO 
Urilt op~rat.ng co~t 012!,000 ton/yr 

·' l:-iCO:>!E 

Elcctnc~l 5.02 X 10 7 kWh @S0.007/kW!¡!= $352,000/yr 
Un¡¡ !llcorr.c@ 121,000 tonjyr 

= $4.30/toa 

Total cost = $9.20/ton 

N..::t J¡s¡Jos"l cost = S6 29/ton 

Source. Combust,on Powcr Company 

o 

o 

o 
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Daily tor.na¡;e 

Oto 15,000 Oto 45 

15,000 to !\0,000 .;G to 155 

o 
50,000 to 100,000 15s to s1o 

100,000 or more 310 9r more 

,Q 

Figure 12/ 

¡: 

AVERAGE EQCIP.\IENT RC:QlJIRE:\lEXTS 
' ' ' 

~o. 

1 to 2 

• 

2 or more 

• 

trac~t,r crawlcr or 
rub!Jcr·tired', 

1; 
:' 

tr~ctor craw1cr or 
rubbcr·mcd'~ 

scrar_cr 
drag:h.1\! 
""'ai~l ¡n"'~k: 

tractor crawlcr or 
rubbcr·urcd 

,, 
' 

~craper 

dragline 
water truck~ . ' tractor crawlcr or 
rubbcr·tircd, 

! 

li ·: 
~crapcr i 
d~~giinc ¡: 
s:ecl·\\hccl '<;ompactor 
>C!:l¿ gradcr : 
"·a:"r truck'l 

Eq.:i;¡:nent 
Sizc in lb 

10,000 to SO,OOO 

SO,OOO to 60,000 

30,000 or more 

45,000 or more 

dozer blac!c 
lar.cf:t! bladc 
fror:.¡·end !o:1c!et 

(1· lO 2·yd) 

do~cr b!ac!c 
la:1d:'1n bb!c 
fron:·end lo:;.der 

(2· to 4·}·d) 
multi¡l.:rposc b.:cket 

doler bl;:dc 
i::n..!f:!l b!.::.Jc 
front-end loac!cr 

(:!· to 5·yd) 
multipurpose bucl>~t 

do.:c:r bb:!c 
1:-.ndi:li bl::de 
front·cnd loac!c:r 
m~ltipurpqsc b10ckct 

!i 
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Chapter '14 

Al R. POLLUTION PREDICTION HODEL 

14.1 Objcctive: 

Construct a mathem.:1tical ¡node1 to predict future air pollution: 

emissions 

con<::entrations 

.:osts-to-abate 

for a typical United States city. 

14.2 Constraints: 

14.21 Model must be driven by city growth parameters predicted by a 

e=/ population model 

o 

14. 22 Nodel should have the ca,pability of being manipulaced Hith 

either pencil and paper, calc~lator, or computer. 

14,3 Background information: 

14.31 k1te 1940's: Pittsburgh, Pa. started cleaning up its smoke 
., 

p~oblem. The invention of the electrostatic precipitation, made this 

ppssible 

14,32 1950's: Hany cities de~eloped air pollution prob¡ems, due in 

part to the vast increase in qutomotive activity. i.e. 
'¡ 

Los Angeles 

Ne~.¡ York 

Chicago 

Houston 

l 

1 

1 



14.33 1960's: Many new tcch~iques for air sa~pling, analysis, and o 
cl~an up ,,,ere developed. Nore rigid control laws \.;rere enacted. 

14.34 1970's: Federal guidelines and tough new state laws are forcing 

fhe abatement of air pollution.problems 

14.35 1Q75-76: Automotive engine pollution control laws will become 

effective. 

14.4 Legislative Development 

14.41 1953: The publíc health service established a national air 
1 

. sampling network. 

14.42 1955: Federal air pollu.tion n:esearch aJJ.d techn:ícal.assistance 

aQt. Directed the Public Health Service to conduct ~esearch, 
1 

provide technical assistance cto states, train personnel, 'and-

disseminate informationJ 

14~ 43 1958: 1st National Air 1PoJ.lution Conference spouso1.·.ed by the 

Public Health Service 

14~44 1~60: U.S. Surgeon General established the Division of Air 

Pollution as part of the Public Health Service 
• ! 

14~45 LBte 1960: The 2nd National Aír Pollution Conference 

14.46 11963: 'Clean Aír Act ofl 1963 intensifíed federal ai1r pol1ution 

control efforts. ., 

14.4 7 1J964: Sena te Specia1 Report ,, "Steps Toward Cleaner Air" 

DCcommended legislation~to reguláte automotive emissions 

14.48 1967: The president prbpose~ strong national authority to 

control air po1lution, however, Thc Air ·Quallty Act of 1967 

retained state control.: ~ 

14.49 1970: Clean Air Act of2 1970 ,J requires · vehic1es manufactured 
o~ .. 

during and after 1975 tío reduce CO and hydrocarbon emissions by 

90% of the 1970 1 ega
1

l emission rates, and vehiclcs manufactured 



o 

14.5 

o 

14.6 

o 

du~ing and after 1976 to reduce NO~_emissions by ~0% of the, 

19~1 vchi¿le measured emission rate. 

Technical Bnc~ground 
~J.\ .... J...!.{.):lt.YJ. JGtlf r_.~;~:; ,..:o " ' 

r ,) • .; '~ J f rJ 4~ ü (.,; ·~ -~~ ~ ~~ 2 .. ...' ~ {'; {~ ~ ·~ ') .~ '' ', ~ 1 .. J ;~ 

14.51 Air Pollution: any nubstance s~spendcd in the air in sufficient 
.:.. /:...!,~.-~ S(J~ .... _,_ ..... ,.-.. ···~~~~~.::..·~,. ' ,'~: .. ' :,. .. J 

conccntrations to -be injurious :~o health, well-being, or harmful 
L .. ::= J ':• :: -~· ; :_. ~~ ~ . ~ "~, :. 

to possessions. 

14.52 ~~jor Pollutants: 
"~-- ,' '--:_'"; ,1 •• ~- ~ _¡,- -1-

Particulates - from any dust generating source 
a \ ~ ~ f 

Sulfur oxides - fr~m hca~ing o~ sulfur-containing compounds 
' ~ j: ' . , ,-. - ' . _.· . ; - ~~ -

Carbon monoxide - naturaf: resu!t ot -óxidátioñ 'with an oxygen 

deficü;ncy 

N~trogen oxides - from h~gh-temperature combustion using atmos-

pheric·oxygen 

Hydrocarbons - from unburncd fossil fuels 

14.53 National Ambient Air Qu<llity Standards 

Pr;imary Standards: protect public he'alth 

S~condary Standards: prbtect publi~ welfare 

14.54 U.S. Primary Standards: C 

Particulates 

so
2

• • • • • 

co 

NO 
X 

. . . . . . . 
' 

Hyc.lrocaroons 

Data Gathcring 

•' . 
' .- . 

.; 

•' . 

- ,, _, '-~, ~ .. .; ', 3 
• • , .• 75 ug/H 

. ' 
. ¡ 

. .. 

""';' e .. , 

' -- . '- 3 
80 ug/~f 

10 
'3 . ug/M 

-- - ~ 

"' " 3 
lOO ug/H 

3 . 160 ug/M 
"; J' 

- ;,l 

·! 

14.61 Ncec.l city data th~t will corrdlate as a function of the 

demographic parameters, ~i.e. qrnisslons as a function of: 

r. 
< 
,, 
1 

'. 

¡, ,_ 
' 

t-
¡ 
\ 

t· 
r 
t 

t 
' r 
¡ 



popul.1tion 

income 

land area, etc. 

14.62 Requcsted rcports for consultation on the metropolitan 

cities air quality control regions: 

50 clties were contacted 

31 cities responded 

These reports did not contain sufficier.t data. 

14.63 Requested the following data from 120 cities: 

Emissions data (Tons/unii time) 

Particulates 

NO 
X 

Hydrocarbons 

14.64 Demographic Data: 

~Land Area (Total) 

,zoned: Industrial 

Commercial 

Residential 

'Population 

Pcr Capita Income 

·.%/Cap .ita Income from HFG 

%/Capita Population Employed in MPG 

Only 23 of the 120 cities provided comp~ete data. 

o 

o 

o 



o 14.7 

Mod2l Structure (sec Figur~ 14.1) 
Dntn Proccssing 

Innut 

Demographí-c 
Data 

Outout I 

Emissions 
., 

Output II 

Concentrations 

e=> Output I1I 

Cozts ·To-.".bate 

14 • 72 Only 3 demographic parameters "tolere found to have a usable 

correlation with cmissions data: 

- Population 

Number of autoruobiles registered in the country 

- % of the \o/ork force employed in HFG 
1 

14.73 Since the air pollution ,is from three majar sources, these 

three parametcrs should provide a measure of: 

- Domestic pollution 

Vehicular pollution 

o - Industrial vollution 

' r 
¡ 

~-
J' 

' r 
' ' 

f ,, 

.
', 
~ 
! 

r 



.J 

... -: 
l Land Use 

1 

'·'r V 
1 

1 

J.o;tention 
Factors 

Figure 14.1. The Air Pollution Model 

.. ... ' 

·-

Input Variable 

% of Hor~< Force in }1FG· 
Registered Auto in County 
Population 

1 

V 
Emis sio~··:~~~~.ic ~fon ·_¡ 

\ ~ t" . JI: -· . " e~~ 

--- _í r 
Concentra tion 

... Prediction 

~ 
1 Stand2.nls 
l:_xcess Predic tion 

1-__,. 

' 

\ : 

Aba temen t .. Cos t 
Prediction 

1~ :1 

H 
)) 
11 
/¡ 

1· 

' 

: 

" 

l. 

1 ... 

' ' - ' 

Emissions 
Stand ards 

i 

o 

o 

o 



o 

o 

o 

14.74 A multiple regrcssion analysis is suggested here: 

y 

However, this technique is three di~ensional so the three 

parameters were surw~ed and a linear regression was used. 

This summary requires a common mean so: 

Population + 0.000 

' 
% of v1ork force ;i.n HFG + Q.437 

Registered Autos + 0.261 

Input parameters used later are: 

Land Area 

Concentration Standards 

-, So nov1 a linear regression '·is use<!: 

y EX. 
~ 

14. 75 The correlations can be,
1 
seen in the plot of partícula tes agains t 

the sum of the demograph·ic parameters (see Figure 14.2). 

r _..-. 

" 

! 
·,' 

1' 

' 
1· 
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Sum of the demographic par&'leters 

Fig~ f4 ~2-"Regression ~of Particulate emissions 
on the ·sum of the demographic pararneters. 
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14. S ~!odel D~vcl0pn:cnt: ,.,, _ 

14.81 E:-::ission Pl."ediction 
·- J\. 

1 

use ;:he 

basic line, fo~mu1a_: ~ .. _ 
. ., ). 

y.' =::. ci +. B (x) 
' > O ~ .L ~ O - ~ 

.Bu t : x is now r.x. 
"' :•. ' .. • • ' ' • ' < J. 

B. 

so, y' = d+S(EX.} 
~· 

After shifting, X. becomes X' so 
J. i' 

y'·~- d + B(EX~) 
J. 

However: l:X. :::. l:X. + K(y·- y) 
J. . J. 

Therefore: y' = d + S[EXi + K(y-y)] 

However: y= d + S(EX.) · 
J. 

So: The final p~cdiction formula bccom~s: 
'), 

y' = d + S[¿X~ + K(d + l:X. y~) 
.... J. 

' 
Me~:l's~;red Emissions Corre1ation Optio:1. 

y' ::;: d + 8[l:. ·1- K(y -y)] 
J. m 

Hhere: ym = mcasured em,t::;sions in tons/mi2/yr 

C. Vehicular Emissions Reduction (Clcan Air Act 6f 1970) 

where p1 = % of total emissions by motor ve hieles 

'p = % of light-' ciuty ve hieles 
2 

p = % o'f' UC)Y vehicles ea eh ycar 3 

. P 4 = % erniss:¡..ons r~duction requircd by la~.¡ 

10 
Aruount of reduction::;: y'l-% of reduction E 

1 
where: m = i - I 

I 1~74 

i- 1975 •... , 1984 

' . ( 

f 

• .. 
' ¡ 

¡. 

1. 

t 

' 
t 
1 

¡ 
!· 

¡ 
¡. 
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D. Concentrations Prcdittions: o 
1. Needed: Predicted emissions - . ·' 

. ,, . ..., ~ ' ', -
Neteorological ·re'tent'fon "· · 

1 

'"'"V_.¡ _,'--_,._. •"),1 ,<>1 ' ..... , ; ~~~\ ,,..~,~,~., 1- "'' ...,-; 
' ' ···2. · 'Gébrge'''C. "'Hol'zworth ""develope'd th'ese 'rete'ntion factors 

~ ¡ 1 -.. ~- - 1 ( ... ' ' ) 

for the United States' '('se\e ·F{gur·e 14·.3). 

(. "l ~ - :- ;:; 

To find the correct 'retent~on for a city 
i ' 

city qj~m~tér,in 
: 1 

determine 
~ {" 

kilometers from the 

·~...! ... 

''::,.J. 

' - -
Land Area (Hi~) Diameter (km) 

o 60 ~ ' ' 10 
' ' 

70 184 20 
1 -- 1 

185 254 _, 30 
"'''L '· ,; 

255 579 40 o 
' - t ' ( ; é 

1 

580 859' 50 -· -. ' -· '"'1 _, " .. ~ ~ t ·- " --.- (~ -l ' 
_, .;, 

e ,_ 
1 

860 1199 1 
.<!.."' ,-_., ¡ i;,._. ~J;., 1J.i .. - f!". 

60 
-~:·. ·---~ 

) ~ 

1200 - 1599 : 

1600 - .. 2049 ... ... . \ 
.. c. •• 1 .... ' . ~· 

.. ,205.0_ - 2559 
~.V : t'" •-"'- _.¡ ( ~' ' '.. 

.90 
1, .... 

256:0 3100 '100' 
..1' .t-' .·_. 

- -find retention zone on the. map (Figure 14.4) 
;: : ~ ~' ~2- -~ J '...:! - ' \' • •• - r ~ ., '- ~ - ' ..,', -' •~ l. 

,-·. 

o 
\ ·, 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

~ 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Rctcntion Fnctors by zoJ-e arici c:lty Si.ze 
(' 
r• 
·,· 

' . -r .. -,--~~-.,~= -~=~~~~--=~···--·"'"-""''~~-=~-:~-~~~-~---~,~~~ -= =~~·---~--=--~~-r .. -.·~ ·:::.··2.-.-~-- -·7,-::f 

-¡--:..~~--~~-~'~---..__.._.1.,----!~" .\~t~:,::.. _____ ~--1.:;.: .... ~-~"·~~ 
rii~;'~~:)• . ':! _ -~~ne _ Z~~e :' ~~i~ -~ ~ :' Z~~~ ' zsl.lC Z~~e . \~~~ 

r~·:'--'"''=-==-""'"''''"+-=~-=-~---.. ~}-~·~~--"· -'~m~~~~==.o.-- ~-~=-~~;.,';.<~-=~·~- ~==-=-==- --~·~=~""' w-t~~~=~··. 
~ ~ '~. 
~ lb R 20 30 -· ·40 SO . 60 70 : . SÓ · 

1 :: ·'1 .. -:: :: ·t:: . ' ' :;: ::: ::: t . :::~ ,· 
1 40 - • ~-'l · so 120 l ~¿ó : t 2po 2'•~ J ;~só ¿ Jí_o ' 

-!,' 5S"" , ... :1ÓO , .~t , .1;50 ióO :~ _ r 2_~0, 3óó __ 350 :- -~ '. ~1 08.00: l 

' 60 ~-. :_~:,120~, ., isó , 24ó :: ~Qo 36ó '· 420, Ll 

1 
n l; 11 ', .. , i " ~ - ' .. ":- .. . . . ·: ' ':.- .,_.. ' ' ' 1) ~ • • 

~ 7Ó . ·.· i ~-,_1'·~ ~210 ~ '"280:' ! 1 ~-~0 ' i< 42p . ,·490 -- ~-. '560 

~ 80 ~ : i6Ó :·240 :· .,_; ~ 320 ; !: 4óó liBO - /560 ~ -- 640 

' 90 L~ isd . : 27o · ·. -~36o ~: . ; 4_5ó , _ .s~·o : ,--~636 · ~ 72ó 

t--~~·-~-~J~~.±~;~-~~-~~~~-~o~¡__J -- jo~~~ó---~·-~- .1~~~~--~L.~~ -~l : ' ¡ 
,.. '•' ..... 

Tablé ll•-1. 

- - ~ 
'. 

·' 



The eoneentration prcdietion formula is: 

e "' y' (. 0111) RF 

where: e "' corrcentration in ug/m3 

y' "' predicted emissions 

(.0111) = changes Tons/Mi
2

/ year to ug/M2/sec 

RF "' retention factor 

3. Standards excess: prediction 

E"' y' - Standard/.0111/RF 

4. Abatement costs prediction 

A= E($54.59/Tori) 

14.9 Valida t Lon: 

The model was run for 9 citiesrwhich1had measured emissions available. 

-o 

Predicted emissions were compa~ed with measured emissions (see Table 14-3). 

Predicted concentrations were compared wí th measured con:cent:::-a'tions 0 
(see Tablc 14-4 Figures 14 5, 14t. 6, 14,. 7 and 14 .8.) 

Excess erníssions and costs-to-abate were calculated (see Table 14-5). 

14 .10 1-lodel Limitalions: 

1. No more accurate than populatioa model 

2. Probability model - possibQe wo~ld was not considered; goals of 

a c!ty were not considered! 

3. 1976 cost predictíons only - inflationary trends -;.¡ere not consíder<=d 

L¡. Mod~l accurate for 40,000 :!- 2 m1lllion population only 

5. Poor for cities >vith littlre HVG or >vith nuclear clectric power 

6. Peor for rcsort areas (auoos are not rcgistered in county). 

o 



~ .~ T 1, ~_!;--): fo.. 

: I:; !:.l U:,_~¡ ..U'OL I S Í 
. ST. J..OU I S 
' lLF: rPH. I S 
¡ 

r ;:i I J~ \•t /:.IJ J~J;;E 
~ ~r}w, 110 Ir 

8o 
' 7b 

; '11 
90 

102 
111 

J - ~~-.' 

o 

1 . • '1 

í' !.~H. E 14-3 

' ·
'' 

o 

1HJ 
. 

110 1 

:86 2c.:6 206 200 
'- ' 

' 

- \ ·- '¡ '.' 

; 1 

~iiiii~~ ~l---~;~~-~~~-.. _~2!~.~~-_;~~ .. ~?li:~_l~;,~~-~~1 
- • ·- ~ ~ • • • • ' • ~ - 1 

• • "'- ' ~ " 1 ' j ) ~ ~ 

AVCUAGE &'.H SS!ONS FRl~DICT IOH I!.CGURACY Fba; AL}~~ POLLUTA:n'S = 63. 9);-a 
1 ' .... \ • -..,..' • 



o o 

PHl::lHC'TED .~_,"iD ~LSASUIU.:D CJI'iC~NTRAT IONS 
FDR VALID/ü'Io;s CI1'H:S 

o 

o====o·==-=~'1==-~=~"=·-~~:~-~ ~~c:;:::::7;~:-~;·;:~M3 )~===="=~e:=:== 

D-::7RO r-r 
~ ':.~;.p 1{ I S 
D!~~'fV~1 

CXTY 

CE/~-~ 1 l·..NClOGA 
ST. LDIJ I S 
ATL/:5TA 
17:' DI A~! APOLIS 
lí I L\'i AUKEE .. 
TüLSA 

. A.v;m; .. GE 
P 1: ~..:u I CT ION 
ACCUHltCY 'fo 

·~ 

--p :n~--~J---~~~~~=~·-"-]'~-~-~~~~~-... ~.]--~-~~~~ -~ -~- ----:;~·---1 
------ -- ·--~- "'=--~-~-~--·---- 1 ~~~--- -------··-~~~( 

L~_RE~--:,1~,5 _ -~~~n~ -h~~As__l~n~M~As~t~~~GAS . ~ ;;~~~:.l"~~-~lj- -. 
1:(1 140 3:::8 300 ' .. - • - .- ' r • ---

02 90 12-7 130 
30 40 ~4 6o 253 320 
55 7 2 7 2 5~? 
74 95 121 130 

45 320 404 
6)0 

6o 70 90 100 
()(j 8o 107 130 6o6 540 ¡ 

100 117 169 15~ 
39 53 54 7b 37 40 . l 

~--~------~-- ------:-·-----r--~----.. ~-~~ .. ____ .. _____________ ----~-----~-
1 . 

8 L 3 3 8 4 O 6 2 . _87 O 7 7 ' b 5 • 04 1 e 7 ~ O 2 L) J 
__ ,......._~.---.---~~---·Y"""~-~---~-~-""-~-.. r•""-....-....._., .. ..,.,....,"""""~"'"''--........ ..,--...,.._~-·-

AVEI1J\GE COUCENTHATION f'HZD"lC1'ION ACCJHACY YO't\ ALT.., POI,Lu"!'.~"d'S = 
83.59% 



o 

(\J . 
::> . 
.--1 

1>< b 

-r"\ ...... l -~_, 

........... o t!' o 
:::t -
t'i 

o !J. 
() A 
+"- o Á ,, 
tS o 

..... 6. 
::1 
o 6. -..( o 
~ .. 
J-I 
rd o 

ó. c. 

!J. 

6.::::1' red i e t ed 

-.-.. ~~~...:.-,--L-~-=~1~-~~~-~~.,._,_.!~~-~-~·--~,i-·~--~·-J·--=-~·-·~·.=J~.,----J .. ~--··~·-'-~-~=~ 
Oenv<:r iviso Chottcnoogc /dlor.!G .Jndionopoli~ St Loui~ N,crnp:.is '•',ilwou!.ec Dc·•roit 

Fi~. 14.5 Predu:ted vs mcasured Concentrati.ons óf rc.rticulates 

o o o 



o o 
1 
1 i'""" .... ..¿" "'""~ •• ....,,_ .. _ .. __ ........ - ... - -~ .. -·-"· --~·. ·- .-.-.. ---.......... ---·-~---"'-.............. _ _, __ ....._~- ..--.-~--- • ..._.,.~,__. ... _._ ___ ..10'_ .. ,.....,.~.---

1 : ' 'V 6 

. ' o 

o 

O=Measured 

Ó=Predicted 

o 

:~-i,~ 
-::~§--~-

i 
-- --- "--- e ....... ,,__-....=.;....~L~.,._..=•J .• .-==----'=--.-.--.-..:=.=l...m.~--'--.._,•----Al ___ ,_._J __ __J...__~.J 

'Dcn_v_cr• _:,Tulso Chaltonoogo Atlonto lndionopoli~ Stloui~ Mcmphis Mil-_.,-oukee Detrc•t 

F L ~. 14.6 Predtct~d vs measured concentratibns of Sulfur Utoxt~e 
1 



o 

...... 
t"\ 

<. 
t;" 
::S ....... ' 

o 
"d 
... i 

X 
o 
f:! 
o 
•·· ,._-. 

~ 
o 
.a .... 
e;:) 
o 

o 
-: .. .::. ¡~·~:~:-~~--~-- -·· -- .·.- -·--:::- ~ ... -- -···:-···~-·-···--:------:-::~~~- -~-.--··--~-~ .. ··~----·~---~~--- .... ~~~--~---·~-----... ~-~-.. : 1" 

;~· ;-,_ ~ r; 

.~ • J) • 

600,-

1 
4vc.L 
' 1 

~ 
f 
l 

l 
. 1 200c..;;, 

~ 
~ 

o 

0 

ó. 

(' -~ ' 
• ¡ 

Oh~Wasured 

A=-=ri·eé.Ücted 

\ . 

. ; 

. . ,l_"'""_.,....:~ -.=1 ~-";, ___ ,_~,~ -- t=~·=· ~·-~~=---L,_.: -~·-:~--'"'-~~--- ~-=?.:-~:1.:.. ... :.,.,_ .... .:.. ... ~ t~ -·-=-~~~-- ., _L,.~., .~,=- --= .. !-= -~~~-- ~-'~- >c·~~-o~.::.~,; 
Di:nvcr li.•ho :c-houonbogo Atlonto- lnC!ioncpciÍi~. Si loui\ Mc-mph;~ 1-'l;:;....o~.~~c,. Dc:!i<-.1 

~ig. 14~~ Pródiótéd vs·measdred condéritratiúns ót Oarbon ~ohoxide 

1' 

1 

--~--------------------- ~ ---

o 



o 

t" 
~ 
(; 

!~~~~·~~-~~----~-·-·--~----~-~--~-· ·--~----~-----~------~---~~-----~----·"-----~ 

1 ' ~ 
o 

., 
~~ 200·
(:1 

o 
o 
·~ -.:J 

1'-í 

<: 
"n 
~·- 75r· :::!.. __,. ¡ ti 
(j) 

soL 
o "U 

~ ..... ~ 
. ' 
" o o ó O='>!casured e 
C:J ó 
ti' 6.=Pred1cteu o 25'-
'"' ·P 

...-4 .. , 
'-< 

- . --- Í---~=~-~. ·~~~1..·.:_~"~~·---~.L:::.-.. ~.:::.:: . ..:·;::.:::J,:-_:_:·.:~ _ _:_:_:_::.t.::· __ ...:;::.:::...~t.:..:.:::;.;: .. -:: ... -~' ---~-~~I~~ L_.J= . .,-~ 

Fig. 

Dt:nv~r Tubo Chot!cnooso .:-.:lonto :r.d,on<•poÍI~ St loJÍ~ Mc·npni> Mdvwu~cc Detroil 

14.8 Pred!cted vs measured concentration~ of ~itrogen Oxides 
and i!ydro cd.rbons 

o o 



o o 

~;.CZSS ~:.i t 3SIOI!S r\.N r;. C'JST~~'lO..,rlli1LC E 
;:·o::t Y'Af.,!DX~ :lml :liT L~S 

" 

U-~ S. ;.?11 I::fP~Y ST .:1.,.~ !iL\RDS 
, • .~("¡,;".,. -r.o ··s· A'TI .... '-ro··;.. 

V\.1 V&. .., A ,..... ... :_ A 't..•/ , , 11 

---~---- __ .,__ ..-~-.--r---- ~-

?1 ·- 75 "Lt1 /l{3 1 ':> •• 

' 

SQ2 ·- 80 1/',/':.13 . 
1"'.: .l. 

CQ. -- 10 rn.Ú':,¡-' 

~!0_, - lOO S!f!:.f~f3 .... 

w; -- ::.60 ,,., ¡'·~3 
,. .. [ . ., .d 

o 

1· 

' ' 

·' 



( ~;j 

CRAPTER 15 o 
TRA:TSPORTAT10N ~íODEL 

-, 
15.1 Introduction 

i'J 

11w objective of the--transpor.tad.on sub-:,t'10del is to develop a method-

( ' 

ology Hhich can be -us~d to ?Ssist in the pla.nni.ng ~of an_·~urban area. A 
~, ' ~ ,_ ' 

,- - - .... _ ~ __. .. <::_ .o- " " 

net~vork systems transp_ortatJon model was 'ciev-~l~p~d 'i'~i t{ally: but due 
,.. . ,_ 

"' -, ". 
to some diffic~lty: \vi:th the· ms_th~8,a.ti.~~1:. programining:us·~¿ iTí the model, 

• ' ' , ' ? ·: ..... {' ¡1 ' 1 ~"<: .~ #~ 

it requires further testing bef_ore ;it··can be used;. The~-d.;:v~lopment and 
( t ' • ~' 

,¡- ! ...... ~' ' 

the for.nat of the net~.jo;:-~ tr;ansportation 
. ' 

r:wdel · wíll o e ;4iscyssed in 'tne 
-.. 

next sec tion of thls cha-c ter •. ' 1 . \ I . ; . : 
) l ~ 1 

Traditionally, · the tn:nspcrtatio'1 plan of an--u:-bcln area i~ i~i·:nula ted 

Tulsa-IXCCG área ~ond~cted a transpartation st~dy based on this ~~oceks~ 
o 

1 ' 
' ~ . ) -

The results of that stu¿y Here seve:.al 'altc:::·naHve. transporLation ¡:L.=ir.s 
; ,... r ..._ 0 r--"' •-, ' -,1-

... .. ~ ... ' 1 - - _1 

To il-l"ustrate hm-1 the t:ranspord1tio::1 \sector~fits i.¿._to 
~- .... •¡ ; ~ ~ ' "J "-.- • -: .,, 

:- ... ' .. -~ "¡ 

for the area~ 

,_ ; 

> l 
. .-o • ., ... -· / ~. 

~'--
is-also included fn this cha?ter. 

~~... ' ... ' ~--~ ... 
. ' ,-, 

-' ".' \ ': 
' •, 1 "• 

•'\l ,, 

S12b -~·[oc:e 1 , 15-.2 Thc ~:et'·:oá: s,vs ter..s T1:anspo:::-t::: d_J_n _____ _ 

· ' ' ' ' • el 

Tne obJ~ctiv0 r f this· su~::~·odel is to de\.·elq? a ti.·.:msportation Jystcms 

In this 
- ..... ~-- •- ""' ... , ,. , .. -~-. ... ~.-, ... - -~~' ... -"' ~,._ 4 '"- "-~ ::' --r·c·-

-~U¡;:t[, r.1ith th..=~ 5:o::ls- for t:-:~c s~Tcction o.Z 
l 

t r~~n sport. á el. Oi1 

al terr .. ~ t.¡_ ·'4·cS ... _:¡ 
c. ..... L. 

: 1 ·: • ~.,<;,. \ 

ñ o 

1' 



o 

o 

s;.tís[~c::l)::"ily, .::chi.e.\·c thc dcsircd so<Jls. Thc sigr.íficancc of"this syscci:l 

~ t •' r,' ,, ' 

c.:m be fÓ-.:nd .·and .thcn select.'ed. Tliis"planning modcl is án ·exte~1sior. and· · 

t\orthc~st Corridor (1), for .:m urban are.::~. 

,.Qr;c .qf th~ .m"ajor distinc_ti.on~ b~~,~~~n \.·~~'~.-A~.f~.q-~cn~ ld..r:.ds .of pl~nning 

r.-.odels is 't-7he.cher it i.s an ac.tion-directed ·Or a goal-directcd .w.odel syst,em. 
1) • ~' • > •{ 

' " 

In the action-directed .model system each altern~tive is c;:on~ide~~d in 

t:urn.~ its consequences ar.e.,pred~c.ted ?.na.:':~alt.:.ate~, and, fin~l}y~ a choice 
' " ' 

is rnade.. Thus, .the .search is s.tructured around the genera~~on o~ a.lt¿r. 

a~tion-directed.planning model~ ca~not bi revetsed because these models 
• ~~· / ; -

1
• ~.~ L~·····' .... ::~ .. ~~k'··, •\ .. ' ~)~ ... 

s:t:ruct:ur:e -eií::hex .to permLt operati.)rt in -~9th directions,, ür ~o eva+,~ate the 
-· ~. - ·-~ '_. 1 J J ~ ' •• - ' • l - ; . ..- ' ' . 1) ,·, ' .... 

c·onscouences'l.of a •given _.ac.tion •.. T'n~n the altetnativc plans consi4ered in 
••-••' ¡e ,!...,_1 ~.,J ~._ ~:~ ~. '; ·,- ;,, ' f:( ..¡ ,'~ .~, C :;: 1 .,l. - ~·~ 

a st.:mda.rcl trar:s:Pprta~ion st}f~Y ~r.~ f.a_.r:_ fe:;·1c5. t~_a,~ _·t,h~e. a.ctual numbqr· •of 

<1.lteh1atiye ~laps;·:··'~~'l,ic,h, ar:~- é!J\.~;o:_•suq_j .. e~5 to the fin~n~ial, time and 
~ JI> 

dimensioqal .constrain'ts of the .. ~roblem. 
' ,1 

r,n the b<?~e o::r goal-,di.;-~cte<;l.models; the .search may be intuitiv¿· in 
' - • ,, - - ~. _, •' ji .,. .... ; ' ~ • ./ ~ ~ ~ / • - • - -

th~: s.cnse .of' d~sigh, or it .r.1a.y ·9e. ,a _f,ot}nali~~d:_ Hnear pro_gra:r..:.íling .mode~. 
,· ' - ' ' .,_ \. - ~ ' ' ~ l ' ~- \ ' - ·' ' 0:.' • • • -

I·n the firs.t 2.case,r.the input for selectÜm is ~cveral sets of .alternáltivQ 
.;-... ~.-! ~- • .:..~ ..-J - t: :~---·; .. .'"" __ ,· --.:·: ... ·~,, ;-,·; ·, .? ... , ·~··-~ "',~ 

actions ~1hercas. tl1é ~u.tpu.t _o_f s~l~c~i~n i~ a s~t of consequenccs .f9;." ~ 
- - ' ¡ ·-· • '~ - • ~ ~ - ) • '.. ' ~ .. 1 \.~ - .J 

e.ach sct .o·f 'the .ac-.tions •. In the second case., Lthc inp~.;t is a set of dcsired 
, ' . - - ::... ; ( . . - ~ ~ - - ,.._ .... ' - " ' . , . - ' ' ' ' ' -. '·- ; ~ ~ . 

. l , ,: Lh t t . tt " .. d 1!. ~. t '~'h ' 1 . ' th . conscqucnces, a~a .. e ou ·pu ~s :11c r~c¡~'l..:-c .:1~ ;.;~on se • .~.. c~e1.n ~es e 
1 ': ... , ~ .} 

r..::ason anu n1eecl for a flexible ;;;nd cfflc{ent í.'<orm.:Jlizcd co:r.pu.ter-.b.ss~:! 
1 J, _, 



cicsi:;n r.~odcl. Tbc sccond vcrsion of thc goal-clircctcd modcls is ;:¡lso 

..::.:11cJ "t;l..:- back\,·.Jr-d-sccking mocll!1" bccousc it St3rts from thc conscqucnccs 

.1nd procecds bnck,.;rarcls to thc <.ction. 

15.2.1 Gc:1cr.:1l ?-!odcl Dcscrintion 

Tne componcnts of the tr<:lnsportation system ,,iüch are being considered 

in this mcde1 are: 

(i) activity system, 

(ii) vehicle or person flo\v network, and 

(iii)fix::od p1ant nebvork. 

For a transportation study, a city is dívidcd into traffic zones.' 

':::'nese tr.Jffic zones are connected \vith each o1:he:r by r.1eans of a net'\·7::>::~ 

,,-hich is called the fixed plant and consists o:E a series of links .::md 

n::-des. Tne '.1inks:of Lhe fi:.::ed plant corr-cspo:,d to rou.tes suc:: as :-oads 

and streets; ,,-hilé the nades correspoGd ·eithcc to ori(jins and destinations 

of traveler~ or to intcrsections or intercha:1ges. The network is charac

tcrized in terms' of such ínformation as strect \vidth, capacity, speed 

1imits, distances, locacion-coordinates¡ etc. 

The sequence of 1inks Hhich is used by a. vehicle to travel from one 

zone to another i's called a path. Theré may 'be one or more patr.s b¿D-Tcen 

zones. Each path is characterized by váriab1bs of Íl!nctions Hhich are 

releva~t to travcilers' trip-making deci~ions, such as trave1 time, WJlking 

and \vaiting time, pad<ing cost, fa:::-e, frcc¡uenty of service, etc. Tnese 

pélth chol'ac'Lcristics are c<Jl1ccl levcl-o[-scrvice vnri<Jblcs. Some of ú:.ese 

V.Jriablcs áro .::l runcLion OI the d..:;mc:nd 'voll,r.H.Í'. lL Ot'dC'r ::o clc.:!l scp.::lr~:t:::;ly 

.,,:_th the ch<Jíl2;0S "in the fiXl!(1 Í'J.:-::tt <llld '\!j_::h :t:10 c11::r:gcs in possible IJ8ths 

o 

o 

o 



·o 

o 

o 

<ll'.d p.:1th ch~n·ac,t(!dsLics (in ¿¡ny givcn fixcd r.l.:mt), thc ¡J.Jth nc-t:Horl< ¡,s 

C.J lled t>.c ·v.chic le flm.¡ nc,t\vork. 

-Op.ti.uns ·abou.t ·ne.tworks include the general c.onfiguration pattern o:f 

.th<3 net\Wrk .JS \ve·H as thc approxim.Jte geographical .loca.tion of .the .links 

of .i;h.; ::1.e:b-wrk. ,Changing the .ne:t\v:oi.k :configura.tlon ,can :be ,don~ by .i_ntr.o• 

ciucing .s.2vero.'l other su¡Jpler.~en.ta 1 li'nks .o.r changing ;che .rel·a.tionshi_p .of 
, ) 

.. a lirik \v:i:l:h ·other links 'by adding .or eliminating inter.sections 'between 

links, or :chan:gi:ng the .éharacteristics .of ·the link i.t·self ·by .cha11,ging 

:its physic·a·.l -:~:oc·ati·on or wlélening it. -O:ther :op.tions ar..e thos.e .reóa.rdl:n,g 

·the ·number ;;¡nd .type of vehicles that run· over ·the 1i~k· as well -a~v:~peeds .• 

Jscheiules, ~s:topping .times· and fa res .• 
~ ~;;' 

So t-~ere ex~s.ts .a wi~e: "'~range of 
~ • "' .¡.::..'.")..-'!.~1'~ ,..,,.. 

.t ::::-ansporta tl.~!' ... '}1lanning .• 

.net\·fork of .á _pár
1

ticula:c mode, .the choic~ oí usi-.:1g a par.dcula.r tcch-.tology,., 
'!" 

.or T:he c;~oice of cons~ructing a nev1 terminal.. l Other ,choices., .namel:y 

.those wi thin each model technology, can ~.be represen'ted a·s .cor.tinuou·s 

chotees '\·li th .a range of va·lues .• 

15~~2 Inout Models to the Svstem 

~esc·modelsjare used as impút mod~ls 
' 

.ér"J.d. 
\ 

th ~y :a.r;e.: 

(i) Dqston dircct tr~vcl -d~mand mo~cl~ 

(ii) thc nct'~o7ork performance \):::' supp.ly .modc'L, .and 

(iii)the cost modcls. 

Thc travel dcm<:~nd model is .:. "dircct .travcl dcmand r11oc.icl.'" :(2). In 

~ ' 

' 

., 

.. 



' ' 

\ \.j 
-J 

a di rcc't' 't 'r~:~·e"f d~mond 
J~;:;"i1f.:' 

nlodcl, thc tt".:lVCl flm;s· bcl\vCen origins and destina-
. 6.1'.?-u'"~ ~~/ ~ 

'1 ' ~ t'" 1 \''":•',.·,-!. 
tions ar~ expressed as a function of cl1e charactcristics of the peoplc at 

orÜ;in's; t:1c acti.;;.ity charact~risÚcs ot destinations, thc characteristic::s 

of 'tl1é · v~·hicle ftQtv nettvork, and the level-of-service variables pertaining 

. ' 
to a.·fixed,,pl'a.ni:. .-The first t:Ho sets of variables, characteristics of 

the órigin's'and d~sti~atio~s, are g,iven inputs to th.e pl3:ming model system; 

' ' 
\vhile the last tHo 'the vehicle flow net-v10rk and the fixed plant, are -che 

'' 

subject ·af 'the present model. Thus, the travel demand model~acts as a 

liaison between the activity system and the transportation requirements of 

\ , ... 

Trie· s.eC!Ona input mode,ls are supply models:. A supply model chari:ícterizes 

the performance of the vehicle flmv net\vork. ~Sorne of the supply models are 

fúnctio.-.s·, such as travel time being a ftmctio'h of demand volume, street \vidth, 

' ~ 1 ' aüa ac~t::ss ~\'jrlti.G ; v~~.ter.:> ~ ... e 

or parking c'ost. All these functions oJ. variables characterizing the •· 

vehicl'e--flÓ\·l netv76rk ~fall under the hea&i.ng 11 sUpply11 models. 

Tht·th~·rd and las~ set of imput models aJe the cost models. The costs 

are, of -co~rse,' dependent on the. characieri.st:fcs ,of the fixed plant,' 

on the choices made '\vith regard to the vehicle flo-v; net't·wrk, and on the 
' 

flm.;rs in the net\vork. For example, the rroad ¿·osts are a function of; the 
~ ' . '-~-. - . 

desired road type= (access-contrs>l vs,. nd acce~s-control), of the 'des'ired 

level of service, 'and of the length_rand 'location- of, the .roadway: THe 

bus costs ate a function of route leQgths and frequenci¿s on each rdute; a 

bus capacity cost may also be a pertincnt cost. 

' 1 J 

;' 

o 

o o 

o 



o 
1'5 .2. 3 

For t\l"is study thc .mcthod -oi evalu;Jti-on is the minimization of cos·ts 

subject to che .achi:c-vemcnts of desired 1-ev.els -of -bencfits. Xinimum cost: 

cvalu.:ltion,, given ·that .certain obj.ecti.ves ;(".bcnefi·ts") :a~e .at.taincd, .has 

a relati.on to •c·ost-cffectivo;;nes·s <aná'l:o/-si-s,, ~wh·I-·ch_.-was .. ~e~ent•l'Y .. s\Jgg~st·ed as 

a s.cra·t·cgy fo:r the evaluation O·f :a'l·terna~ti·ve .t·rª~s.pO.l;"·ta.ti-Ol}· ·.pJans -.{3).. .In 

c.Js t-e-ffec ti vcness ·anal;ysis, there a.t'e -two el-as ses ·o:f .in'fo.rma~t~on., ·costs 

and indica.tor·s <of effeciti·veness.. 'The ·eva1lua.tion .o,f ~the :a.l1terna-ti:v.es and 

sub~ec,tive .ch'oi:ce is .based .on ·thes·e .t~vo :cias·ses .of 'informat·i:on.. .The 

efiect'i'vé::te·s:s .measut:es .are .the measu.res ,o·f '•".benefi·t",, that iis., :measurc.es ·Ot 

st<:.ted objec.tives \nay again .be .assumeCl :b_y .the !pl'anner -or _p.r:opo~ed qy':.the 

c::ci.:>i'o':1-.r:1dl-:'er ::"of .analysi·s ·pu·r.poses.. :Iththe :\>1resent :moCle-:1 .the ob~e~.ti:vas 

Q are related 'to the .performance :of •the tr'::ms_poi!;:.at7i-on ;~;y:s·t~m. In :spi.te 

of substanttarl .heuris.ti'c .e.vi·dence ,o'f :th·i .r.e.laéi:onshi:ps J?etween the 

o 

ere me~sured by emp1oyment., :pove·rty, ecci'nomic;~de.velopment,, 'etc .• ,) the' 

prcsent ·model does not include •these refation~hl;ps •s-ince ·the ~model'':s 

solution al-gorithm requires c1nnlytical fe.tati.Ónshl¡ps .• 

is thc only rela.tl.onshlp linking the .ac.Ú.vi,~y'i:and .t:h~ tran·s.porta:tiod 
~ ~ ' > ' ~ 

' 1 1 

sys tems. O f ·cour.se, ,the tran·sporta tion :sy.s teci ·¡nus·t .be ·de.signed ~o tha·t 

t:he capaci.ty .is :.:¡ble .to .accom.'lloda.tc the 1demand. 
1 

.. . 
1~. 2.L; l·íathem.1ticnl Ope>ration o'f thc Hoclel ·Sy~tem 

The mathcmatic~l problem prcscnted in ·t:h~ previou~ .scc~ion i~ ~ 
~ .. .. r· 

ccn:;traincd cx~':enHll problem, Thc obje<;:tive ,í·s to f'ir.d a m.inimum .co.st 
¡l •• 



- " 

L:~nsportation improvcmcnt program for a given level of .ffccti~e~css. 

It \vas·noted:eádier in··the dcsdi-pticn of the transportat-ion sy~tem 

\ 

natu're:·\vherea·s imp-r?Vemchts::réláting: to v~h:i!cl·e ~loH-Jnet'l.vork at'e cont~~t;~us 

in':naturé.·,: It'was-also noted--that· these two kinds -o= irt:prove¡:-.::=nt:::: nee¿ 

difi'er'ent'kÚtds of'máthematical-treatment. · This need f_or-separate ma,thematical 

tre~··tme'nt Clerives' from· the fact th~t lt is better. to '!J.Se dynamic progran:ning 

t\'hen b~nary ·,var.i'abres ·are involved· ("fixed plants) whHe. linear (or sep~rable) 

prograrruñing ls· ínor'e efficient in dealingjwith- .éontinupus. va~iabLes {v~hicle 

and the states in·a given stage -correspohd to'differcnt types of_ the¡ 

fixed plant; For each fixed plant there exists <ln infinite number o'f 

choicés régard'ing the vehic'le flmv nctwork; these· choices are. made by 

using 'linear p-rogramming~ Thus; · the· line·ar- progra!T'.J.-ntng is run_ fór each 

fixed 'pl~i{tf\ '(úát~) 'and .for each time pJriod -~stage), to arrive at the 

optimiü ·veh~icte :flow network. The' resutts .. oé the linear progr.:lnuning 

runs are· then· -entered into the dyhamic ~rogra~lffiing problems. For each 

state -:ar;d stage. t~e discounted· 'operating.·costs of the vehicle floH net:;wrk 

. ' 
.:Jnd discountcd c.:lpital costs· :af_· the- fíxed pl.:1i1t are entered. Thc d:,rnamic 

' 1 

prograrrmting then selects the optimal transportation :i,mprovement program 

over time. ' 

. J 

o 

o 

o 



o 

o 

It is i~portnnt to not~ th3t Jiffcrcnt plans are not representad in 

tcr.:1s o·f (!i.flcrcnt fi~~cd plnnts bu't ir~ tcrms of diffcrent 1cvcls (Jf 
- ,...~ r' ..... "' -

ef~cctivc-;-.cs~,--,·th~~"is,'"obj'c'ctivcs. Diffcrdnt ·t·yl).es of government polici~s 

rcg~~~dij~g. tr.::mspo·rt.J.tion and their: ~.-Í}~.cts, in net\·10rl~ improvemcl}ts and 
~ ·~-~ ....... ~ 1 

en costs may be examined _.Qy_ changiug the effcctivcness constr.:¡ints. 
~ ' ............ ~---,___~-;-- ~ ---- .... ,_ ... ~:-... ~ ........... 
¡ ,•; ' . :' ''. 

Another important conz.ídera tion _r~_l§l_}:_~§,...t=.'?; the uncertair.ty of the 

forecas ts •. Thc effec t oLuncc:rtai_11~:X. _o'9- net\olork improve{ñc~l:s ';may oc 
t - .............. _..,.,. -

.·tc,J~;·· .. •' • 
exa:nined by undcrcaking. a-.sensitivity_~.A§!J.Y.~J..;Lof the various parar:tetcrs 

·· · '- Ié 
in· d1e-'.mode1 system. It is well kno;tm that this typé·~()f séi}á'i:t-i"vi ty-:. 

., . ., { , '> J :r. ~- :- . ' ·- ~,o: 

anolysis is often an int~gt:f!J __ P.a.~~-·-of ._a_n_j -~~~-:~r prograt'r.ling applicati~n. 
~. " ::; ';;_, J );,:: •• ¡ -~~, • ' • 

It appcars that the r:tode,1, ,~ys~e~ .. t>l:es~ri-.ted above lends itsalf ::o 
J ,. ...... .._.,.., .. .:·-., rl~~~ -·' ~. .... 

· ");·:~r s.1;·tk;."") --.~~;~ "l' · 
an:llysis ,,·hid·. he!-ps the_decision-makers e to- sé1ect reasonable choices. 

"'\- ........ _,.-.,_,. ....... -~"··~ ~--........... --·1 

••¡ t ~ ~ - ~ .... ~... ... ,... .... -""' i ' ;;_ :_._..:. 5..._1 Lj 

Thct'e are four major components in the'.ne;t,Jo~l<-'·sy.::stems·, r:íode:l: 
, ) : 1 .. • ~ r _f "".... l _, :: ~ ~;;. ~' .._.. • ' 

(i) the net\vo.rlcgcnerati'on model, 
: - ~'- .. ": , ... ,_-

- .J .. ' ' • ~ 1 ... 
,j .. (.,..,..' ..._ ~ J 

(ii) the optl~a1 multimodat network model 
1 • ~- - - "" • ' '- ~ ; ;::.,. ¡: 

(auto and bus only). 
1 
1 

:- _:: (·Hi) ~i:le capi·~;i·-~-~~t--~1ode-f:-an-d --"· 
. i 

• ' ..... :..,.; ~! _;. • .. J -

(~v) th' optimal network_developmen~ model • 
., r 

1 
1 ,_. v ~ ~ _ ) ,""";¡ 

four models, a1~n~-\·1i"th ·c-e·rf~ln~1:1uñ1ari -·interacti~n, are 
J ..... _, ... _·~ .. ·~ \: 

shot-m· in 

' : •'.·.-:·::~ .. -;~.·:.~,~:,1 
thei r logica 1 re la tionship ___ t_o_ _one anoth~r~ in Figure 15 2. 5-l. 

. - ' ' --- -- . •: . -. . 1 
-' 

·.: Thc. modc1 systcm begins by generating al~ possible graphs ~·7hich 
1 ' 

~.1igh ts be uscd to. connect the noC.es representing v.:rious zo::1es in the 
,1 ' 

s tudy L~ re.-:l . 1 Thcsc gr.::lph<: rcprcscn.t botn p?::;sible fixcd pl.:mt. nctHó;·l~s 

nnd possiblc nct\·{orks of vchicul¿:n· flo,.¡s. 

; , '1 • 
may also be used t.;) idc•.::ify pocsiblc ¡')Uths o:: cevclopmcnt or -c:<'p.:lnsl.O'r. 



o 
fi¡:,ure 15.2.5-l 

Lo~ic ili~gr3m for thc Nctwork Transportation Modal 

l. Land Use Activity 

l. Modes serving each 
zone pair (auto & bus) 

FLOH 
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J 
! 
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1 
j 
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'1 • 
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Travel de~and functions 
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1 

l. Capital :cost functions 
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2. Discount rate' 
3. Planning pcriod 

¡ 
1 

\{ ~ 

! ~!u l ti -rr!ode 

¡ Developm~:>t l·lodcl 

1 

Rccycle to 
cxpcrimcnt more --.::--------------' 
input constr~ints 

OU'i'I'UT-

l. ?o~sible way~ to 
expnnd the p~esent 
system 

l. Link caoacity, ~ravel . . 
ci:ac, ¡L,;<2_uency, 1¡ol;.:O 
fares, pollution, ecc. 
0-D pattern of ilows 2. 

l. Capital cost of each 
alternative 

l. A 1 te m a t:i ve ne Li·iOJ:~( 
improve~ent programs 

', 

o 



- J J 
( ... ~ 

Q of cithc·r. thc··.c:dJs.tins, nct~~·g¡;k o,::: modificaLion·s. of it. 

Q 

o 

Onc·e~ .thc, .:rd:-.1i:;>sib:_l:c: m~l'timodol (.ou.to. ard bus) net~.,ro.rks· for both 
' ;'.' 

;. 

fixcd_, p•km·t -anJ y,ch_i(;;u_lp.r.Jfl9'"~· l}a:v:c been. idcm.ti.fic.d. for. eacli. time: 
! -" ' -"' ' ' ' Jo • ~ -' ~' J 'r • 

ne t~.;ork onera¡tions· model. .. . ~ - . '~ 
:J,llyi!s: mod'ei _essenti;_~.Il!~ _ace·ep~ts· as, given,. fo.r. 
~ ~\.._.,., "' ........... ~ ... ,_,. \_·J· ~ .~ .... _,~_ :·_;_,·J~;··~· ..... ~ 

each run,,. tli:e· fixed net\.;ork of the• transport~~:Eon· s:y.s.tem and. c-er.tain. 
"'' :; L •'..":·...., ~ .. • • ~ _· ~~ ._ •• : ·' .,. '" ·" _, ~ 

c~oi:ces: re·g.anrdiing: the· ope·ra·.ting, rules for that sy,s tem and· tne• d'esi!red; 

levels o.f. effec.t:l.ve:leSS O•f tne. transpo:rta.tfOU\ s~s,tem. ·. 0n t(re b~I'S·Í§:::o'ff: thi;¡ 
• ' ~ 1 ' • •• ' ? .. 

inforr.mtion. 2a·nd: c-ertain c~onseq~1enc·es·· o·f· va:riou:s. opera-ti:onal choice$,. tli-is; 
'"' "· -:... ::.:1 • '_. , "- • , - -~> .·, , : - • r - -

model. proceec·s. to.:-selec·t tne··ap•t:i:mal metrrod: ·o:f .. sy's:tem; DP.erat:L;on· ·in.· t·erffis. 
V" ....... ,,. ~,'"";. ;:_-:-~·~ ,(-¡, ..J,-~ • 

of such. v,a.ri1a·1Hcs.~ a·s, fre~u·ency,··,'· tra.v,e'I tfmc·,: 'prfc<e·.-,, an&~cáp,aci,i:y •.. 11i:e, 

predic ti ve" -~~~~:t~f;n~hiR~-; 'ín~]~d::¿. 'iri:' :;h,i?s:~6b¡ci·efi ;re'fe·r· · to; ·tne c-os:t- of' . 

- - ~ ~ . ' -· - . . . ~ 

re ta't'i;~-~h~P.·~~~""' a~d t~acv.~-1: ¿.~~á,~~i'' fJrié.'tidn~:.:--: ·.ht&·- c·orrs·t r~l.ii·ts<' \•ln:i!ch·. rbfle·c t. 

- ' ~- : -~.) 

oppor.tuni ty.· Ieve·fs: •. 
l>. ' ' . . ·-

This. niod·e,1.~-~s. run fo.r :.éa·é~· ''nfxJ'd( 1ñ~t~.;or!/ and1'·s·et':·o,.cp·os.s-fb,J:e· ti'nl~s. · 

:Í:r1 th~ vehib_;,.ia:~ 1Ú;w.; nc~·;O:~l~.:'f'br· ~ac1\~ Ür,{e·-n'e'r'fod\ und'e·r: consfd·erát:i!on:., ... ' ' 

' •• ,.. • ' • .... , .L ,. • " ' rl •; ~ - - ,.. 1 • - • \ ~ ' 1 

I t de le tes. :'from· furtli:er e ons id'cril.tiom otrn.óse' -n(!'f:'l,~o.rks' \·Jh:icli\' c-an no·¡,:: be: 

of levels óf cfftctivcnc::.~s for c;::c1t time· pcrl:"od a:.cc :üdcn•tificd',_ thcn· the 
¡ 

choice of thc actu3l ?~th of dcv.:!loprr¡ent o{ t=l'le· tr.::nspo:¡;-tn:tion· sys;t:cm,. 



in te1:11~s of both capitol invcslmcnl:s and ope:rutl.nt; sen, s, is o~~ressc~. 

This is done by associating both the opcr<Jti:~g cost.:; a,: capit.:ll costs, o 
.::p¡Hop::-i,::¡tcly discour,ted, \Jith each possible alternCltivc p<1tb of systcm 

develop~ent. Discountcd capital costs <Jre calculated by thc capitsl cost 

r.1odel. T:1e optimal net\.;ork model considccs each ·possiblc pé.1th of neb-lD:C~ 

develop:nent and selects thc one Hhich <Jchieves the desired levels of 

effcctiveness, corrcsponding to each time pcriod in the analysis, at 

the least total discounced cost. 

15.2.ó Anal'.·tical Form of the Nodel 
p ( 
Gbiectivc Function (Costs) 

Fu~ctions of the fixed plant of th~ tran~port system are to be 

optimized. The choices are made as to system O?erations and flows on 

t~c =ct~ork at cach point in time. The cost at each time oeriod is 
( -

represen~ed by a function of capital costs and operating costs. The 
) 

capital cost function at any cime period includes both tte i~provc~ents 
' 1 

made freo the preceding time .period and the plant in existence at the time 

considered. Road capital costs are related to actual perforr,,ance measures 

such as vehlcle flow capacity and vehicle travel time. Road operatins 

cos ts a re associa tcd vTi th the opera tiori. of mo..tor ver1icles be t\·7een ea eh 

pair of zones, or the quantity of trave1 demabded over all pac:hs betí·leen 
' A 

e<Jch pair of zones. Tne oper;:¡ting cost's for ,buses are associ<:lt:c0 with 

the numbor of vehicle trips oporatE:d on each \rehicle flm·l nctuork li:1k. 
r 

A general form of thc objcctive functidn betueen zones 1. and j for an 

area is givcn as follows: 

o 



o 

o 

o 

a·c.. + b·t .. 1 + c·cl .. 1 + d•f .. bus 
~J .auto 1Jt 1J~ 1J 

c.. - Vchidc flo\oJ c.apncity of rond link ij, vehicles/d.Jy, 
1J nuto . 

d. ·¡ 1J< 

fij bus 

a,b,c and d 

= Tr<1vcl time oñ. ró'¡jd link 1 j hy mode k (line haul . 
time and.access time), mi.nutcs, 

"' < ,K .... ' ... ) • ' 1 J ', 

= Daily pcrson flo\v from.zone. i t;o j by modc k, trips/day, 
< "• J ~ ' : ' { ~' • • ' • 

= DaHy vehic le trip frequency of a bus on linl~ ij, 
trips/day, 

= Parametcrs obtained from Mprlok's (4) study·of 
transport tec~~ology.,, 

Constra;.nts 

(1) Demand Functions 

The derornd functions u~ed in this mddel ate based upon the conce~ts 

of abstract itra::1sportation r:1ode demand models, in "t-:hich the demand for 

¡ 
tcristics of those zones and characteris.tics of the competing mode. The 

l 

quantity de~anded on a particular mode is related to the travel tirr.~, 
! ' . ' 

f.cequency ariH price of tha t mode and the trave·l time, frequency and price 
1 

of the cor:1peting rriéide. · Thc ·general form of the constraint is .tne follc.~-;inz: 

d. . ~ a • t + b •p - e • t ;J _aut.Q 1 ij au,to 1. íj auto 1 . ij bus 

= Price of. the. trip· assoc;iated ·\1ith mode k .like access cost 
aud linehaul cost, $, 

a
1

, b
1 

and c
1 
= Paramctcrs obtained from the nos ton direct demand :.1odal (5). 

¡, 



(2) Technologicdl Constraints 

This constraint cnslfres that the cnpacity chosen for a link is 

sufficient to nccomrnod:Jte all of t~<e traffic flo¡.;ring on tbat link. There-

fore, each link ca~acity .is constrained ~o je at least a~ great as che 

swu of the demands for road trave1 for a11 paths of the person flow 

net\vork which use that fixed link. 

d .. 
~J auto 

1 + d -·e 
ji auto S: L ij auto 

where, L = Average auto occupancy = 1.5 

For a bus, it is required to provide sufficient vehic1e capacity on 

each vehicle flm.;r link to accom:nodate al1 the pa·ssengers assigned to it, 

which is given' by 

and 

where, 

2 Capij bus.:>: f .. b 
~J us 

Cap .. b -= Bus capacity assumed to ~e 35 passengers. 
~J us 

' 
In the absence of a strong supp1y model for thc bus for such functions 

as waiting and walking times and its effect on the access time of tne bus, 

an approximate model was constructed. This model is based on che variables 

of bus route densities in tl1e zones and the bus freq~cncies. Waiting 

time is assumed to be 1/2 of the hc.Jdivay bcti.;rcen succc::ssive units, and 

walking time is a function of the average trave1 specd for a person 

vla lking includin~ de la y time a t intcrscc tion.s and exis ti.ng bus route 

1/ 

o 

o 

o 



o 

o 

o 

.:!.::nsity in .:1 p.::~rticul.:;r zone. E·us routc density ag;:Jin is dependent on -:=he. 

linear mi les of, ro.:1d in a zone on whic'1. buses are routed and the are.oL oz.· 

where 

The follo~.;ing form:has been used: 

... -- . ' 

._'-_. __:~'..~'!..!~ r-';J.-4. •;,~ .. , ~ • .,.,~}_-j'J• Lt'3i~,u~"";.'~: .r,~ •!.¡ • ~·J.~I t. 2' • .:::.~ 

t ~ . . ;,, Acces s . time fór bus mode;- on .link, i":j í _minutes 
l.J. ous. 

~. ~ -. 2. ~ . 

RD. 
l.. 

. ·-.; ns;r ;:~ :: .. ~ ""', j ·~¡ -'ÍJt: :- $i--' ,J'~:}. 

= Rbad- densities_,_,in .. zone., i .. ~ 
.:). 1" ~ , ..,_ • '" ' 

,) \."'"' .... • J '-, ~ e;..._' '.) -. ; 

(3) 
• ... ~~-.r ,e,-• r,t~ "·-;' .-,--,r ~ ¡~ 

Leve 1 o f_ Service or ·A ce es si"oi li-tY~ Cons traints. 

",.:'" ~''~ <.:-;1 ,.~:;;~~ :_;',¡J 1 t;'~ t•r"'"• r·~,..,·,··~~r~"''"-': .. -,, ,• ~ -- .. ,_, ~ 
AccessibHi.ty. cóns.trainis-:reftec.t:·óne: type·: of . ..teffec.ti:vene·ss -measu~e,: 

which can·.be- used. -co evaluate. alterm1tiv~ n~t:Jbrk.s. in--théi·genéral-"-'n'e~t;orki.:-· .. 
l \ 

generation and.evaluation·schemes. 'Accessibillt~ is.defined-as. the easa, 
- .... ,'- ,. • ¡ ~ L -:-~ ~ 

. ~ l ·- ·--~·-, .. ---. ,. 
·t-Tith .. ,.fhich, traveL can .. occur: fi:·o:71 a.,narticul'ar zone· to. other· zones. Sucn· 

~~ ,_. --
1 

.. ., __ ,~. ,. .. • '¡ ;...,·J.,-• .t,.~..;:;:; !..)";• é:;;~ ~>-JO¿' ..dl , ,:/ -... , :·~:.J .,;:~:.~' --:;.'.: 

con,s~r,aint·- on the lev.eL of .. s¡;ryice~_cho·i_ces; .. o.;:. ~he. modes: serving·. t:ha t. 
~ - , .• , .. - ~ ).J. • ·~- ;':~= ·.r: ... r .:.:)::.·-:.e;;-~·· .. : . ~~ . --) ,(;'; \ .. - -l, 

zone ~- . -Thes~- ~:re, .. of cour.sg-,_ di~ec_tl.Y.-:r~lated:''to.: t:he-cho:.ce.o variables 
- ~4 - : • • :, " J, S•• ... ) :" ·J,~' •-,-~, ,_!~ _(;,)r)_·~ ~--..::••",jJj~;·/.7-.,¡ '" -'• 

of codes. (frequencies, capacities·, road·"desigf.·, travel ~imes· and.t;·aveL 
~~~::);'J)j;: .S\~.l~t'\_.~::..:,l=i "'· .. 

costs). Sorne of these· act as. upper· or l:owe-r b'ounds or;·both--. for.·choice· 

variables~ 1 
~ - ~ "D ~ ,,. 

... .: ... ____ .:. . r. , :.e 

15.2 .-7 .. )!ocle L Va l:i!da tion·, _ 
~.. ·- ; ..... ~· ! -:.: ._. ..... ,) . ~:... ·:,"":•'" ~ l:; ~ 1¿ · •. , 

_ ~·· .. T!fe: ;.v~.:l idi~ty,:1J.?~' ~~:i. f~.-t·-~-fn~Re rE-~ ,t~-'?~ _ p~~Sn_~~g:· model. i~- ~~pe?d~-~ ~, .. ~?~~· 
• '• • ..,., ..,. .¡ ' ~l~- t ~ .1 ..~..~~~· ·~· 

the·: validity of'its componcnt modcls, which. are. a. direct damand model,_ 
... • t;. ~ -- ~ • ..., ..., r... .. - - . ,.... . ) ' L 

cost ~-;--d·c-(añ<f s'U'pp~t:Y i:.oa~1: · rh.:¿~m~in_: ru·rpos·c-' ·óf:~ the-' prcsent._ study .,,.ii~" e o' 
. . . 

- :.._¡ ,.... ~ . - - ~~ f .- • - :."' l ' • ~, 

construct ~ tra'nsportat'ion pl3'ñniñg':'modeLand" n'ot tiy·crcat&-ne~-i-i- st;ro~g'~-::tmd· 
' 

effectiv·~·-~e'mand:; supply and cost. mbde:r~:."t-.o'.'be utiÍi-zcd for.· p'l:anning.~purposes. 
, ¡ :: 

There 'tolas· no rcason as wcll .. a5 time co ere.:~ te. n::n-1 models. Hencc. h~lp· ol!. 
:¡ \ 

' '· 



o 
~~istins models w~s sought such as the Boston ~cm~nd Modcl, Tulsn cost 

r.:odo2l ar:d supply model. I t H<.lS b;.ov.-n that sorne of these modcls, es;,cc:i...:: Lly 

supply models, are not efficient, as in the case of access time for ~r~nsit 

to help in constrücting a flexible transportation planning model. T:-te 

1 

1 --

aggregate validity of these models can be given as follows: 

Boston Demand ~odel 

Error of 65% of mean level of transportation volume, 'tvhich is better 

than the conventional lffP, of error 140%. 

Supply Ho<fel 

For a highHay'this model is good as =the parametric values of different 

'h o c .. o1.ce variables are predicted quite pre¿isely~ In che case of transit, 

it may be peor as no rescarch has been carri~dcout so far in ~he var{ables. e=> 
6 

The most in~luencial factor is the access time oí transit which requiras 

more predictive studies. 

Tulsa Cost'Model' 

This moael ii fairly good for a transit mode, but in the case of the 

higho;.¡ay, there are sorne factors which require further stuciy. The effect of ,, 

location on costs is yet to be established and r~levant"functions developed. 

The tdmsportation planning model fs stiÜ at the stage of mathematical 
-

operation, ~nd no~definite results have ~een ~chieved so far, hence ~t 

is difficulrl to establish its validity as a part of the larger model. 

o 



o 

15.2.8 Con~lu~ions nnd Rcco~~cndations 
' ' ' 

The modcl to be produced is me;.mt to serve as o p_¡b-i{c·'¡)'oli'cy rwdcl. 

·7or this reas·on H. must be of inc.::.ractive variety and p~~iJ, .gre.~:: 

:::·lexioilLty:::wfth~-,r·eg·a ¡:eL ·t-o -~hanges-1~-- só.~i).~s-.e. q\Jeñc-es~- oo.Je.; ti ves. and trade-
~ - r ~ :~...,. ·-; ..... ..: ... ~ ~,;,.":...;.""':,¡ .;~ . ...,_: ... ~- ......... ~ ..... .,:.!,(., ' / .. _.' ~,_~ .. -, ... ..-,,., ... 

'o{r·•s 'and various rr.onetary· const·raint:s .• 1 -~.-~h~ 2u.~PY:t:;~f the model "Will ~~>-· .. ~ ... -
\~ <" .'" ... ) ~- - ' ' • ~ 1 :.._· [1 ; t .. "' • ~ ~ 

a<pr6'gram for implementation;:c~s¡: in. p~s. 9r.~ré7-~.~pgrtation. systems 
1:. '.1""" ... 

opt:ions. This pro¿;ram "Will have sorne de~ira~~~; _.~a;±sfying (if not 
' . . 

•• ,, -' -.i J..> _-:;: () ,._ :.""! .,!, .~ 

O?t:ional) properties. This-·modeH-ng method."WilLallm.;~a sensitivity 

a..1alysis ·with regard to options, as the values of various parameters ar_e 

lik( ly t6 be qucstionable. ·:Th;Úi ~súb';:.·model.:, Óf· a· ~:ia'ñ'sportation planning 
• > ~!,. :~:::.:-

systet:1 for 'i'ulsa Hill become a_pa:rt ·of th·e";la-rger'm-odel or its environment 
>..' : ;,· '• "'-"' '• •:• T J =-~· '-- '"'- ;, 'f > ¿ ,..."' ~ •,..,.,. 

~ccording to Figurel5.2.8-l. 

i. To ~ake this sub-model more effective and eÍficient, requires furcher 

develo?ment and research into the supply and cost models 'Which form 
' 2 

its base cooponents along with the demand. mo¿el. 

2. The socioeconomic data of the study area (Tulsa-INCOG) is found to be 

very inconsistent v7hich makes the process of dividing the area into 

zo:-.es quite diffi'cult when combining and, relating different socio-

eccnor.1ic fact:ors effectively together fo~ one particular zone. 

3. The follmáng simplifica tions in defining the system componen es 

are made solely for convcnience in~order to limit t:he size of the 

pro~lc:r.: 

'! 
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Figure 15.2.8-l 

Trcnspcrt3tion System and Its En vi romr.en:: 
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(i) frcisht traffic is totally ig:1orcd, 

(i.i) auto mmersh~p figures are takcn as t;iven· hm.;ever, fleet: 
size is explicity ·ccns_i~_ercd, <Jnd 

~' _, 

-(:iH)~l~etct<ninals and-their opcrations are ignorcd. 

be in~1~ded at ~ 1ater stage. 
""! .¡_., 

-, .:~( 

15.3 The To:::l Trnr~snortat~ion Planning 1'rcicess' 
' 

.<\s stated~~;ii~r-, ~h-~- ne-~;;~k--t-~;~~·;ortation model originally, 

dcveloped foX.: t~is study ran'into sorne difficulties ~.¡ith the mathematical 

prograrr~11ing used.-·- I-t- was ·t:hen- decVed to~inc lude -a. different transportat:io;:. 

~odel in the .complete urban system modei. 

S e vera 1 years ago, the , Tu·tsa~I~CoG- .:rre·a-;:;c.Jnduc ted-a ·-transporta ti en 

' '~ 

st¡;dy. As a resl.!it of this .study, scveral f~ture alternative tr;:¡n~po-::tat~on 

l \ • 

Tne stu~y Has l?._a.s,ed o~ ~echniq!,leS 
\ ;,¡ - ... 

• ~~ : ',. -• ~ ~~ -r_ ... ~~ 
usu.:lly used·i~ ;~?.n~p·~-r~~a __ ;ton plé:nning orocesses arid:·-on· d!r::.Sin :urban . - ~ ·:_ :::~ 

• p 

grm.¡th projections made for :che area. Since: the outcome~ of :this,trans-

i~cluced in this report as a transportation sub-model for the ?resent 

study • 

. 15.3.1 Ge:-.er-al Nodel D2scriótion ~-- .~ 

The total transportation planning process as shpHn in Figure 15.3.1·1 (6) 
i 

iS .. c.ompds-ed oT foúr main p~rts·: ·---

(i) invcntory of existit~g condi tions, 

(ii) ~mblic p~1icy .:!ccisio,ns, 
'r -

(iii).estÚnéltC$ of future urbnn ar-ca growth, anci 

',. 

' 
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--- ,(i~). 
• .1 ., - ! ~- ... ~ 

of_ future tr~vcl. 
: ~ -, .J .. ... 

cs!:in1~tes 
' 

.It l.~c¡:>::escnts thc_ integr:1tio;'1 of, m.:1ny interacting ch~n·actcristics of ch.a 
~ .. ~- ~~ ~ --~· ' ... ~ _, "1 V---..; '}.,._ H ~ 'i ~) ~ ~_..:.:_)~·):...,_\,..-; ,·., ~---

lo::;icai. or¿er as _sho~, ... in Figure 15.3.1-1, it is n~-c a sequential !Jnc. 

of the comp_onents of the pr_o.:;:ess must be consiclered as pa::allel 
... ' ...,..A............. ~- 1 ·' • ~ • ~ -~ ' ... ·: ~ •• ~ _. ..... '~. _;...,. ~; J-/ .,J; '-~A.t.:. ·J;;~--.1! ... 

el~~ents.- Tne first three p~rts_ of the process_ are more o~ less_related to 
.~- ~ ...... •-• -,. • '-~..-• '- ·~ - ~ ...... • •• -- -._' ,• ., : r.::, > ~ t, '. ·/"'' -. ~.~.::_...,. "~-..."'-·. .,., ,> 

cr sta::ed in_.t:h~'_other s~ct_ors_ of the total ut;ban system model; ::'h_ey 't-1ill 
................ ,,,;¿.:.~ ... ,-.;..... ,._~\ ..• ~·- .._; .. ' _:-- ,, ~,?.-..:.-:..,¡_")')(~ ~-.J'/f~·.-- ;_ .... ·"· ... 

only -~e ~e~.t~;q~~d_:bri~fly h_.;;-~~-·-. -:':f~1e __ \~st p~rt,_ esti~~-~~s ~-f .:..~~-~~-:~~.,~tra_v.::l, 

tJiJ.l be ciiscussed core lengthily hereaf;:er. 
•'-- ' -

include land use, pópula tion, venic le ·o,vr.'ersnip, -veh'icular ar.d "pé-;s~r.-

travel; transportation facilities, écono~ic aétivities~ ·available conetaD' 
1 ' ~ ¡' 

resources, ánd·cri? géneration • 

. Á 1-.a~d use- in·v~hto~: p~o~'id~s- f.f{e··isa~'is .: ior\neasÚring~' tf{e'·' rei~'t:ionship 

bet\.;·é~_n l~nd' ~~-e-.and" ti•ip ge~etiúb¿·;:· iñ ·g~~ierai·; a lanü::Úsc'jinvc~-¡:c' .. .., . 

includes si te acti'vitie·s · ánd..,intensiiy- of si te -·uságe~ ·plus infom:at:i:.on.- en 

use patterns'. . ' 

·The'"popula ü·on. ·in ven tory éoi.m\:s ~ d·;e-.riumbb·l o:f. ·r~''i.iae'r:ts per un:!:. i;· are·a. 

Host· of:-the datá--cári be- obt~iaed--f~am· C:~r.sUs-'aac-a~· ~'I'h·e populátún1·m3dcl'··:. 

tory. · 

The vehiclc Oi.·mcrship invcntory is essen't:ial to· the transp·ort:~U.or+ 

o model. Kn0\·7lcdge of the number Ol Vl:hicles oune:d by the rcsid.cnts ·cz· <:.ny 

zor.e is kmportant in determir.in;:; pre.sc·;.t .:md future vchicul.;;r tr~vel. 

.. 



as shm-:. :in T<::blc 15.3.2-1. ve:üclc mmc:::-sl:::..p ddt3 is :1:..rm.Jlly coll·:!CtcC: 

co~'c~ccion ~ith the heme 
.J • 

ir.tcrvicl-l, taxi, a::d t ransp:nta t:.on 

o::i:;:..--.. ;;.~·.e des cin.:1 ti on surveys, or rro .. 1 s t<-1 ::e motor vehic le re~is tra t:.c-;. 

Ir.ve7'Ltory of vehicular and perso.1 travel provides' the basic cia"Cé. 

~ecess~:::-y for the present trip ~ener~t:.o-;. a~alysis. 

sc7'Lti7'L; a~l travel occuring in a study o:::-ea 07'L an ave::age weekday an¿ ic 

can ~e expanded to indicate 1:otal characte:::-istics of person and vehicular 

Y.-:e ¿urpose of takin'g inventaries of the existing transportation 

facilit:.es was co account for the current available =acilities so tha~ the 

rn . .;:n:nc::: use could be made of the;n in future transporta ti en plans. 1:1ese 

i:1ven::o::-ies :nainly ir.clt..de info~ation or. z.rterial s-creces a:~.cl exl_).re:>s~.;ay:;. Q 

~rterLa: s1:reets provide access to land and also serve through traff::..c. 

Ex?tesswayb are designed to eliminote the conflict bctween land service 

an¿ traffic servíce by concentratíng exclusively on the traffic services 

f~~ccio~ with no direct access to adjacent la~d per~itted. 

Ir~ve~tories of e:~:..s ting fc.ci li ti es d lso ir~.c lude de te~:.¡"lirLg tl-:z 

e:-:¿ r.:;s s':~ys to ca -:ry vehi,:l0s. of e _,_,... ..... : .l....,. .. 

e~ re..\...:... \_.y. 

3asic cepacity is a theor2cical nilmbar, indicacing the max~~um possible 

~umher ~f vehicles that c3n pass a point under ideal conditions. Possible 

P::<.:ccical capacity is the r.1a:d.mu:n nu~,;ücr of vc:hic1cs tr1at can pass a o 
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TAÉLE .15.3.2-1 VEn¡ct~ T'\;'PES /..,."'D OHNER CHAR.:\C'l'ZRIS'~ICS 

V~hicle Type 

l. Autur:~obilc 

2. -· light 
b. mec.'\ium 
e. heav:j 

3. Taxis 
·. 

., 

4. fiass tr.:lnsportation ·" 

. ~' ' ., "'' ... , 

·. 

. 0;-m?::, C!:.~ ::.::e teris¡:ics 
~s~·- ¡ ,:'x•~\' •-, ,. · -' 

la .•. ·Resi~cn .. q; .fa-;:. Pt:iy.;¡.~q. usq __ 
lb. Business fi~.s, govcrnmcnt 

..::for ccwme-::cüil o-:: of~~cial 
~ --~-·- ,_,_,. .,..,../~, 

2. 

use 
.... " ,;• r!. •• -: "'-l;:;... __ ~.J.' 

Bus~ness ~~~s, goverr.~~~~ 

for co~~er~~al or off~ci~l 
e use 

3. Co~e=cial us~ge 

,4.,: · Govern:-:1.ent. for ma_ss 
tra~sporta~ion, schccl 

.. transport.at:i,qll u~~ge 

,-
-' .. 

•' 



o 
~ivcn oo~~~ in a ~oadw~y or in a dcsi[natcd lane du~lng onc ho~r, w:cho~t 

lhe trdf~ic J¿nsity being so gr~~t ns to cause unrcaso~~ble del~y, ~~zard 

or rcstric:ion to thc drivers' frcedom of movement to ~aneuver unacr the 

pr.:;v.::.::.li:--.g road>·:.::y or traffic conditions. For a detailed method for 

detc~ining cap¿city, see rcfcrence (6). 

Travel t::.ne, which is indicative of a level o:= serv::..ce a•.d ;1;:,.s cbv..:..ou.s 

cor.nec t1.ons >.;ri th speed, is a lso mea su red du ring the inventory s u.ge. 

Many of the im?ortant stages of a transportation ?lan &re ~ase¿ on ~hib 

and the assignsent of yehicles to particular routes. Travel t~~e d~ca. 

is ~sed to determine the relative accessibility of differenc zones. 

a matter o:: fact, travel tirr.e is the variable which con-.:lec~s aíl the 

building hlocks of a transportation 1odel together. o 
The i:-:ventory of mass transportation facilities has the s¿¡:n..; o';)jectives 

h:..:;'rn.¡ay invcntory. , I t inc ludes equipment used, schedu.í.es a¡-,¿ 

rcuces for ~11 forms of pu.blic transportation ::.n a study. The variables 

a~fecting the quality of service provided by ~3ss t~a~s~t should be 

de::e:::-r:-.::.ned. The data collected included tr3vel tir.te, ireC,l.e:.cy of :;e:::v:;.c¿, 

locatio:t of routes and delays at terrr,inals and interchar.ge points betwee:-. 

moGes. 

Availablc moneta17 ~esources is another important co~ponent of ~he 

invcntOi.7. This invcntory \vill enaole the planner to kno':v Hb.a:: th2 f-GS3Í·:J:..e 

finar.ci.:1g for thc futurc nc::\vork' s construction and oper3tio:-1 cost is. 

o 



o 

o 

o 

Trip gcncrati~n is thc term commonly'used to dcno~c the study. of . - ...... ........ 

ur;,.:>n e;-.v::ror.ment..: Trip gcneration equQtions determineci at -the prese~-.;; ;;im.: 

c.;;n also be used, \Ji¡;h somc· modification, ~·o predict futura trip gene~<.:io¡¡. 

T'-.-, ul;: simplest approach to trip gener&tion is a geographic study of 

t:::-ip origins Qnd destinations. Hultipie régression technic¡ues ara usu:llly 

use.: to determi:-..e trip genera tion. Different variables ··from the · urbal:l 

e¡wl.ronrr.er.-c are used i:1 trip: generation. Figure 15.3.3·1 shows the va~i;;.bles 

usually used. Tri? pu~ose can be divided into heme, work* shopping, 

social-r~creation~l, and miscellaneous t~ips. In addition to trip 

p'"rposes, fa::nily :i.ncome and vehicle · o':mership are al so considered as 

soci?l-econo::nic characteristics. The origin and destination of trips 

í;hich includes residential, industrial, co::;¡r..erc.ial, r-=creationalc·and 

othe~. T~e ~oute of trips includes trip length and trip mode. F.our, 

C.;;. y cf week) mon::h of yea r, and year a re usual!.y u sed in considering ti:r.e 

~~a rae ::e ris ti es. 

By usinó multi?le regression techniquesa thc numbcr of trips by 

¡:,urpose designated as the depe.ndent variable. can be cx¡n·essed as a 

Zunc::ion ~.f some independent v<.~riables, e.g.a income, vehicle ownership, 

¿ist:~nc" ;:ro;n CBD, etc. Por e-x<.~mple, the following fonnulaticn ca;¡ b~ 

u~¿d t:o iüdicate a trip gcncration equation: 

T = 
p 

i=n 
I: 
i=l 

a.x. 
l. l. 
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= T~ips pcr persou 

= !-:ultip!.e regressi.on cot!fzlcicr.t ~ " r 

x .. = Ir:~:~pcn¿.:!~t: v.::r:..ables., e.~.:. fami.ly"inc0riév;...-\l·c1~icl~'~:·-~
~ 1 ~-. _·o,,~~e:o:.§hip,·,. r9si.9.c;¡_:.'t!§J:. é . ..:tJ.~~ty;,;clJs;f.S·~e~}~.9?" -~-~P~), :~~c. 

cf1a ra~ ~eris tics, .. -:~::-.a.,i.--. 
• J,~ ... ' ........... ~~.;: • .,. __ .J ...... -- ·~"-' 

'.' 

' t:r<:~vel car.. b~ __ es;:i:nated,_, ~.til_i_z_ij\g -~r~.~er~;; j~ri¡:¡ __ g~r.:,e,r~~i~::. _':_1-~~~:cE:r~.~ ci~~ 

as· one :of ·,the. neces_sa l.'"J, inpu~s~.:: .. ___ :· .... 
• ..,__. ,.., - ~ ' ¡ V .J' 

15.3.4 

,...,.. ..... r --~~\~ P-.=. :,~,¡~_;~.:. ..._):; ·¿:.~~ :~,:-\-:..~· .. : ·c:,-o.-f ~-~.:-0 · '""" - -.. ~ 
a:-e: also· part úf él totai t::<insportation pl:anning process:'·~'Ésser:t:.'tiüy,' ·.·. 

~st::.r.1atcs 

..: --..... i.-.ventories 

~ ,.._ .:_\'L: :.._ •:.-~J··.; ··· .. ~~ .._., ......... :_:. ¿;-,-:;;:;: ~,- '~......,~ ,,. ___ , 
future ::::avú de;:nnnd, it is'nccessary te outli~-e •t:l{é._i:li'ci'af 

' --/'e... \,'.:, ~" 

15.:;.~ -~~ .. ¡turc Transnortntion !~ct"tvor!< 

T:.c basic rncthod uscci to clc:terminc. the 



i.s éc::;c:·.:.l:Jcd bricfly in this section. T.1e cictaileci mcthodology i.s st.::tcci 

... :. ~e r~ ':..'"c.::ces (6) ;:¡nd (lO). 

Ee{orc estim~ting inte~zonal transfers and assigning traffic to 

~acil~~~es, an initial future transportation setwork is rcquired. This 

~:.1: cc~~~i~ the existing n~twork and aciditional arterials and expres~1ays. 

le is c;esira'Jle th3t the aciditional f<:lc:::.lities in the netuork used fo·: 

che {irst assignmen~ be loc3ted as accurately as possible, so ~hat 

ru;r..e:.-ous repetitions will not be necessary. Usually, additional trar.sporcacio•• 

~¿ci~~cies are planned in such a way that they relate the existi~g neb~o~k 

capac:::.~y to existing travel and also to the estima~ed future travel. 

In o~Gzr to facili~ate the comperison of supply and dewand ~or ~~¿~s-

por~ation, capac~ty, anci travel nust be expressed on an area basis. This 

co:.:)at·isc·;l r..ay ts.ke t~lo forr..s, ar.d r..ost ::.ransporcation stuci::.es use boL1 

or (ii) .:. detailed analysis by corridors. In the area ar.aiysis, the cifferencE: 

~etween the supply of facilities and the demand for travel is co~?ucec for 

cach u~it of arca, c.g., zone, or half square mile. A detailed ar.alysis 

by co=ricior is dcveloped dircctly ~rorn tite area method. In th~s rne,hcd, 

3 ¿etai.ie¿ an¿lysis is made of each ma~or corridor of travel ar.d the 

dcficic~cies of capacity located. Both of the methods can be used with 

existir:g travel patte:ns and also any future travc.l p.:.1t~ern. The 

study o~ the deficiencies ~n cap.:.1city providc.s a basis for the prelinir.ar¡ 

?lannir.s of r.ew facilities. 

For rnany areas Lhe excess dc.ma<Jd for travcl cannot be accor.t-:-cmld.:l·:c:c 

on a si.:-c¿;le f¿¡cility, .:.:-.e thus, a net"vlOrk of 2clditio.-L.:.ll ..:~cllit:i.es :::a/ 

.• 

o 

o 

o 
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o 
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';-::>ve ~o be designc.d. This is p.:;¡rticularly lilcely to h<lppen in are.:;.; which 

.::n:~ ~utsi¿c of thc cxisti.ng urb:m complc:,,. but 'tvill be within thc f1..turc;; .. 
urb.-.:.1 are.:;. In :r.ost instances· in t'he p¡¡st, the future nett-:or!< has ::,~¡;;r • 

.:::r.a~.g..:d en an ir.t_uitivc basis by the pla:me::. Hotvever, t:he Chicago 

.~.-:e:::. Tra~¡sport.:::tion (CAT) Study (lO} us·cd a ,more" ratio:-.~liz cd mc~hocl. 

Tr.a r:.etho~ is principally concerned t-li-th an ab:>::ract patt:c::n. of facili;:ies 

~,·":lich r::.::.y be. modified to fit: the:rcr:.:. .'situa~ion. · Thc study dctr:.r;:-.in(;;;d 
~~~- """- --~---- -~--- ..... """"''"'--- ~ . ' 

/' 

based on· the~ foilo..,,ing •. consi:dera.t:ions: ... -;, .. 

(i) ·.constfuc.tion. e os t. o .E· •. -local. stree.ts,. ar;:erialsv and exprcss~ ... !~'JS ~-
i 

(ii)~ ::r.:J:ve:L~ e os ts·.: (ar.hu.:.l::.cos t. capi.ta.lized:. va-lu_e-:: o ver .. ~O ya<:.rs.: 
é:i.1.¿. a:1.. interest. rate of 5%)', ar.d 

(iii)the distance traveled. on local streets, arterials, and 
expressH<tys. • 1 

Cl1'1: s ;:udy (lO). 

15.3.6 De:t:crr.1ine Futurc Travel. uem.:mci·, 

To, G:~-ce::mine future, ~ra,yeL,demañd.,: the .foil'ow~ng; are ,conside::ed: 

(Üi) interzonal."trfins·fer,, and1: . - - "·'-

(iv) ¿¡ssigL.ment of traffic. .to, f,acil:í::cics. 

Futura Trio C~n~raticn 
1 ~.. 1 ' 

F~;tur;:; trip gencr¿;tion fo::ms t':-Le i:::;.ortant lir.k bet\olCen the: ~s::im.:.tes 

oi: f~:~.::e .;rban g-::o-..:th and the persa:. and vcr.icul.:Jr trcv~l expectcd o~ 

·1 \> 



o 
.1ll :::or-::--.s o.: trcnsport.:Jtion facilitiEs for specified yca~·3, i3nsic prcsent 

tr~? scnerat~on equations con be use¿ Lü ?redict future trip gcner~tio~ 

jy ~s~~s ?~ojec~cd cconomic activities. vehicle mmership, land ~se and 

other ch.3.'.SCS of the uro.:m char.:;cteristH:s ge:;.e::·.:tion. ?~gL:re 15.3.5-l 

shows the i~puts and output~ of future trip gen8r.Jtion. 

Future Hodc<:. Sr,lit 

In ¿ complete urb3n area transportation study, before the use oi 

f.:;cilities can be estir:-. .1ted, a division nas to be raacie 'betHeen t:1.e usc-...·s 

of f-ublic and private tr-ansport.::tion. Very oft:en travel by nass tr;;::s::.·c 

are those trips going to the central business district, school t~ipsl • 

etc. ~1et:1ods conce-T.ing the cieterr.,in;:;.-=~on of modal splic are stated in 

refere:1ce (ó). o 

Aftcr obtain::.n6 the nu~ber of fut:ure trips by tri¿ generation e~uat::.ons, 

interzon~~ distriju:io::s of these trips ¿re made. Various mathematical 

procedures have bee~ cieveloped and us~c for this purpose. 

are d~v~~cci into r.rrouns -o • grouth f.::.:::cor m2thocis .:md in::er-area tr.::vel 

mct:hod, ~~e aver2.ge ~actor method, Detro~t m2thoci, a~d Fratar mc~hod. 

Arr.OI:6 ;,::·.~2 inter-area cr-avel formulas, -che gravi ty model :..s mor-e ofter: 

used ~h.::-, t~c inceracca~ce modcl or the opportunity rr.oce:. Si:.1.ce the 

grav~cy ~odel vas t:.scd in thc Tulsa-~~COG study, 

o 
~-iocicl ::or ¡\ny Size U:::-bJn Area (9). 
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Gra vi ty Node 1 

TI1~ principie underlying this model states that a11 trips emanating 

~rom a given zone distribute themselves according to the number of 

eff~ctive 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 (attractor) and inversely associated with distance 

(or travel time) between origin and attracting land use (9). 

The g'eneral form of the gravity model equation is the following: 

wbere, 

.i 
Di 

X 

t .. = ti 
~J _l s2 S 

+ + •••• + n 

Dil 
X 

Di2 
X 

D. 
X 

~n 

t .. = Present vehicle trips between zone i aúd zoue J 
~J (i, j=l, 2, ···,n) dueto an attractive force 

located in zone j 

t. = Present vehicle trips originating in zone i, where 
~ 

S. 
J 

n 

= The attractive force of zone j (size dependent upon 
land use characteristics of zone j and trip purpose 
under consideration) 

(El) 

D .• 
~J 

= The trave! 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 :md 
j 

type of land use development. 
X 

Dijis the travel resistance betwecn zones 

i and j, and is a function of ground distance, travel time, congcstion, 

o 

o 

o 



o 

o 

in -'CC~r~_ance <with :the_·~~ber ~.of ·trirs ;~~·~~'i:~~tlng in .tha,t zone., ·7~~ . 
~ ' ' (!- ' ~ ~ 

.;;,ttrilctf:vi:! :fo.r.ces ·of .the ·Other JZones_, .and ·,the :travel :res·is.tances :be·tween 
f ., ;. j ' ~ ' kt' ;,, , .. j' '~ .:. ; -, l;·; ff,~' 

.:r.e correspond'i:ng :zones .• 

v.a·r.ious .;assumptl:ons .-are 'impl'ied ~in ·the ·use .o'f tthe :gra~1;t;y :mo4el. 

These are.: 
~ :: 1 !,~' ' f ¡•""- ,. J -;" t 

' .. 
• • '(:[Y • , ·~ '~ t) L~ 

,. 
~- ! j ' 

;fha·t .an<avera.ge· 'fraYe'l ;pat.tem -can :be app'lted 'to :a·~··~ 
·zones"wLtnin 1thé":urban tarea~,-::regardlesst,ó'f•',the ,sp,tq~-~~ 
;and .economic ·C:haracteri:stlcs 'of :the zona1 ~·pO,pulationl 

t.(i·a:.~ ~that ·the .. aver~ge :leng.th ·Óf -a .tri:p is· entirely .t.nfluenced 
<by ~the 'c'l·oseness., ~or··remoteness,. ·o'f the at,trac;tive :forces 
.wh:i:ch ,caus~ >trips •to 1.occ~r,, · '' 

,(iiilth'at ·.tr:tp 'length ·di:·s·tribu'ttóñs (.~y purpose) remain 
-cons.tan·t ~t:hroughou·t :the turban ·area (i.{e .• , the expon~~t 
.i·s <independen·t '.o'f :geograph'i:c :tocati:on) .. , 

1 • e, ~ ~" 1 .... ·-"""" t ' J r ~ ; "<;.._... ~ ,_ :.J. 

~' "'1 ~ j '1- ·, ¡' 1 - ) ... ~ '\ ' -.¡;. ;- ,. ' ;,... ,.,. ; ; ,(:': ,. 

.;('i,v:) ;tha.t ·dis tance \( t·rave;t ,t:frni!:)'~,be 1:\Jeé'n .zorü~s .r:emain·s ~~n· 
s:tant .·and can :be ,accuratel.y ·.dete·mi!!.ed f·or ·th€: p~r.ti• 
'cuiai-'.iime -:(da;y,~ ·yea·f_: :etc· ... ) :per.ioa"·C:ilósen., ·ana ·' 

• ' ~ : '' ' " j ' >'-f ; :;-. ~ • ' 'S . " ~ T' ~ .~ i" 1." ... :.f ,..:_ 

that .the ·average ~travel 1pa.ttern i·s''inde,pehdent ~f z~a·l 
,lo,cations :(Le.,, \whe.tb~.r the tw.o_, zo~es,.invo~ved ar~ ' 

~ r 1.,./~~ ' ' ,. , ¡ • • • -• ¡•"'! () "¡ •) {" 

.radi·al ·Orr•ci.réumfe.retttlal· .to each other.) .... ' ' . 
" • f 

To use the ,gra'vi'ty '~ode·1,;· attrac:tlon :uni ts fo'J... ·eaéh:- different ·trip 
' ~ ' 'i 

1 

purpo~e J lnterzÓnal :dis'tances.; :a:nf··d:f.it~hée' exp'on~n~ '~alÚ~s 'must '·"é 

•deterrnined. <Usuatly,, ·three or .:io~i .~f'ffere-nt' trip ·¡;1J·r:·~osés· are ¡;-~1!Cte4. 
¡; 

.d·epending ·~pon the d:lf.f~renee~- :in::',t!r•i:p .. 'leng.th, ci{~:t·rÚ>~tiohs ··and 'th~ ,-
s 

centroids. 
' ~ ' ,.. • .; - -' ' ' • • ...lo.. • 

In sorne locatlons .airfine dis·tance between 'zonal centrolds · 
' -1 ~ 

0 service offered by different forms of highway fncilitics is approximtely 



const.:;nt. Exponent values must be determined 'experimenc.-1lly, since they 

va :-v acc¡ó'r.<Hng 
"' ~·~s. , - 1 

~!..~ ~~ .:-:: ?-J' ~~~ _. :'~ :. '~- \1 \! 

<J:-ea inOolve'd. 

~o- t~-~ _~.~~-~~o~~~- o~ ,.t~e~ ~~-i~ ~~~ ;w~ t~.-. ~~e_; ~,~;;ti~~-~-~:~-,~·~~¿!~j~?- ~ 
A small sample heme interview origin and destination survey 

o 
(~•'•. ·~~•(t~~ !''~:.~:_' :.·_ ~~'~ ... !_-,'":,,~~.;¿:',;:'! ,r --·~',''·,: :: -~~:.l,r~,-.,,_ 1 ;;<:" ·•- -:-·. ·- . , 

is often conducteo to provide the necessary correlation data.· The exponential 
'p~;~;:~- ;-¡ '< ~:--; ~ ~ .... ~ _\ ~ ... ~·· \ ~ ,.-' :1 - ; ~-~ ·-- '-)~ :' 1- ~ ~ 1 ~ ,.,. 

values selected should minimize the variation betw~-~n·· the.(mode.t' r~sult's' 

and the actual data obtained. 

,.,1 " J --~ 

The gravity model formulation does not guarantee the correct number 
n 

oi arrivals in each destination zone (Le., t .. is not·'necessarily 
\ . . : ;, ,, -·.· - . '!-:- . j:=l:· l.J " ... 

equal to. (t.) t )· •. Therefore, ':~ter,ation proc_edures. such as 
, ~ ;~ J g ;• ' !.,a, : - ; --~ '¡t.. 7' - •' ::' , ;, ,._, ·r- ' '¡ - "\; 

s2 
.t "<>'" 

'.::; -. =-s' = -~-----.. j" ,; -- t • 
(E2) 

,_. ~ 

'·· 

d 

wh~re, S'= Adjusted attt"active·force'of zone J, Dnc! i's used in the 
j next iteration of the model 

' , ' " - -~ ' o 
may have · tó be úsed·~ ~~p~cially when 'wotk':.~rips are corí.siél.~red. This 

,. .... ~ - l ,. ,- ,¡¡' " . { .. 

is obv~o_us;, since ther~ cannot be more. work trips to a particular zone 
' ' ',. • 1 ~ 1 ' ~ " • ~... J 1 ... 2' l ' • '~. ~ ' :· ~~ , •• ~ '.__' 

than there are·- j'obs·:·;;; Fo_r' óth~r· t~tp p~rposes', -it~ra'tl'on tó'-·a predetermined 
O ~ ~ .-, ' 'e .J p ,f , ' ~ '. , " ~" ', ~ .,¡ f ~ ' 

1 
.. , • -

1

' 

trip generation -.estímate is, n~.t necessary, since the model distributes 
'~ .:. ) ,, • L ,. ~) •.., ·' ... • .._ ,' ·,, i -~- - .. , • ... , ·,.__ .·~~~ • .' ~-1 (~ "'', ~ • ~., t~ ·~ ~ .. 

trips proportionally- _and uon:-wor~ ~dp_ genet:atioot es~imates are not suffi-
, O' '~ ·- V ~ T { ' 1 ' ' ' \ TlT _i •, ' .... ~.! :: ' ' ~·~ -.· • ~ ¡ 

::.: 

\ 

travel .?atterns • .,This work has been based on the premise that if it is 
'. ~r.,. ~- ~,;,, ... • ~·- v~;,__l • .-', ""' ·,~->-:•, ,_ ~,. '7 ':.~__,"'_.r, ,' ' ... ::.'""'~•·,_, ~-,• 

possible t9 synthesi,ze .t'~day.' s .. traffic patterns by use .of mathcmatical 
•;: 1 , ~'-• _1' • ~ ~ .~ ,'· _', ', ,· •~ / '.__ ~ r -.. ;: ·,._ ! ..(•- .'-" .'/ ""'..) > ¡, ~ 

models; thcn future, .. traffic pattems can, ~.:i:k,e\-lise_ }~.e. prcdicted .. by utilizing 
- .. ' 1 - ~ ~- ~1'~N.· • •) ... ·.-·- .. ~ • j- l ' ·--·,· ' ¡ \ • ,- - \ - ¡ ' 

the same t.echniqu~s .• ,,,..:r;herefore·; ,fo.r prc,d~~ t~_ng f~Ju~e ve~:Lc le , trips, the 
-., - .. ~· -<. ' "'• .,_ ,, ¿ '· - ' /" ..- ,, - -· -~ _..,, - - ,: ~' ; • -

•'' ¡e o , 



o 

o 

o 

whcre J 

'í " +'n' ~?C
·- .. il 

). ' \ . 

• ._; .t ~ , , ' : r.) ~ .... ~~ , • ~ -~ "t' 4 .:; ' , : ,-..,. - '~ • 

,. 

=1· . -"'==~.'Futuré-::vehiclé.~tr~ps' .. betWeen ~-zone'.{, and:.zone .J. 
;.";r,~~-"''"~0-';(j~l ,._ .~.·.:, .n), :du_e .\tO:•:an.:·attr~ctive,("forc~ ;,lo~at~c:J 

.in;.zone_,j. · · - ·, 
-. -.._ 'l-1 ,"' '"'~:!r1'f) lJ.- V.._¡..,,,;\' 'fl n~~ vf f '•1j} ~ _.., •')'1..:.~_ ·: J,,,. -~~ 

::r: ·=-:Future vehi:cle .. tr:Í.p~:,::or!·ginatit18· in,.zone .i, 
- ~1Jric~ .-~.~, ; ... ~---Where · " .... < '·- '(-(,r-J ... ~l~ 'J¡-·< -~'"" ':>'r' • -~ .... ~ • ~·:"1. -; · · 

4--. • ' t.~" - -. .. ,~ -~:n . " ' - >:.., t 11..;;• '_, -~ ·~ ':" .. • ' -~ ~ ~ • ,_ r :--~- ,, !_.; 

y·~ c.::)::.•r f..-r -{~t ~· ::..LJ;1.\l <;\' 1\C,~: 1 :J-(_Q ~:~n~~ r .... ,,~ ~··.r:·,··, \;:;::~.--· L::1 

.:s. :.=':'The ~future :.attractiveiforceu)f.~zone ~-j 
''l,.t":~t •• ,~~.-. ~~~ .... -.,, tc-..11' t' ~~_.., qo....-)¡"""" 1'¡'-k:;••-1 ~~/~,,, .. - •¡"l·.,--.-~-· ~'¡~·~'_,¡. -·.-, • 
'., •• ~ 1, ... •~ A e - ,...-¡; • ~A"' , .t~ 'f'",..-J 1,.,... 1 r¡1..- ,.__.,¡,..~ ·~Jo.'-"-'~-• .) ... ~ ,.1!_ • 

~-D .. ,=· The:distance'.between:zones··.i arid -j ·(a .:function · 
·. '•' :;~.~·.rj s9ft>time::añd 1'th~,·uni:_~sr_of:,measure~ent,~~.ti}:i~e~) 

;.,x.,: -::=--Th~,-¡e~ponent ;óf· dts tan~ e- (~~,:l~ . .;assum~g.~,t;b,at-y.thi:s 
value . remains-constant:.in.othe ,:"fu tt,~re) 

,. 

~ccuratec.-estimates ¡c)fi·the .. future- interzonálr:di:stance r~·travél ,_times). -:...To 
·~~.r.: !J..::rc:.: e~tr~ ~·p·~· · .. · .. j¡~· ~~. "~• ~.::/.~r:J:~~.~.:rli- ~~,.;::~f~;, 't·~' ~2~.;~:. f · _,_.~lHJ ~3 ·'í(JLJb ~ ~ t ~ _~~:_, 

:o,.) tain · this-'~da ta, l;.knovr.ledge.;of·-the ,expec ted,:tra'ff.ic ··,yól,umel) F.an·d ~the·:~-planned 
/ ·2'.'·~·~ -.<,;Jo {'i'j'_.)~ ';),• ).~ t_~~.' ~~;:'':,~ .::'1-1;-,t:::. : '" -~-r '.'l'(" r,_.. _,' .. --

' 
: trarisporta~ion::-faci U:ties<:must :pe known., -However, :::the ;cf~nner ~-j:s :::tqe"iguanti ty 

' _:: J_(,J .,/•. "\J"~"_~A_,' •• nl.' ',J.'~·- .;_-;j(>L• ~)~~·: .:_--~¡:; \_..tJ,u\ .'\d_ ... ; ..... ,·.:"',r, _.•(,.; •f .. 1;-·rc.-..~-··:_,_ 

c<!esired in, tni:s ·.equation: while:~the ,_latter::represents·.::ther~ú:ttima te<::::goat •of 
~ -~Í l.z_ .. ,~~l - 'i'r~! i1f ~C'tt.'--1 .,'"Jt ·~ r~_,·y~·~1 ~:;~ .... ~rr:r,_ ·;...:~~ .. ;' ·.~~: ~ .. '·Í'.v:~~ -...· )!;' .. " ¡ l.,J~..~··. :·- ... 

. .:r.c, u r.bpn ·,a re~ __ ·transporta tion_::~tudy. · ~In:.order tto ::overcome -.t~i:i!~~H;nterdep-::n• 
~,.~\rr '..t: ~_:·~ í ~:rnr ... ·)·~· ... t·J,:q w'.J:"~rf~J. ~:~~,'!.E, y(1 J:.,.~J;·~-;-~t.~J? .'~ClL:~·.r;í) ,: r~~;:.;(:~·-.·~- '; 

. . 
.::ene e problem, .:.a: .. trial -.:transportation·.._network, :,wi:th.~.ca¡:?prQpri"ate.\travél:O:tir.ocs • 

:,,,:} :>:J t.:; __ ,~·~~--~:_,, .;·':~:¿~:· r! ~·~r ·~!..1f.:.J~~··~~..: ~-'~' .·: ·;J•.' .. -r·: ~;·/ : 
~ e' L ... ¡\1'"7"' ..,.1'-.. ••• ,.~ ~~--'"- ..... 

1 
', 1 v~-'-' r- ' 

r.~us t. be. assumcd :·for--purposes~·. of':::.approx'inu1ting·~ fu·ture·.::int'erz'ónal, travél'. 

~die tcd interzonal volumcs· balance· the,·travcl times "resuttfng f,from ~these 
~ ' '·: :, " J 1' :~··~t.:.::,!.:~..-

J,• ,. l't j -~ . \.1' :, ...... : 

11 



vo lum12s. Thi s feedback is obviously lmportant, a 1 though i t has usua lly 

Jccn i:;nored in the past. While sorne research has been done on incorpora-

-
ti~g this feature into gravity model interzonal transfer computer prograros, 

r:-.uch .Jdditional work remains to be done in perfecting this technique. 

Assignment of Traffic to Facilities 

After distributing trips between zones, trips will be assigned to 

clifferent routes of the network. Any given net\oJork \oJill only carry a 

particular number of vehicl~s or persons under certain operating condi-

"' 
tions. TI1e success of a network depends primarily upon its location and 

its ability to carry vehicles and persons. Hence, it is neces~ary to 

determine \vhether the location and capacity of a network are correct. 

T:•is is done by assigning the interzonal transfers to the net\,'ork and 

revier;ing the finished assignment. The reviev \vill 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 nct\vork until desired results have been obtained. 

The assignment procedure provides the data for the revie\.¡ of a 

proposed plan. ~~ile individual assignment programs vary in sorne 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 
intersec tions ~ 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 sorne other desired measure, 

o 

o 

o 



o 
(iv) da-ta for the evaluation of the location of present 

and proposed transportEtion .facili~i~s, and 

·· (v) dnta to\Yards an evaluation of · the economic feasibi:li~y 
of constructing proposed sections of the trans,portatioft 
né~o!='k··'JThis· data may either' be' ·in~-the íorm·. of··;totai.. ·' 
vehicle-miles or total vehicle hours of operation on 
:the ñetwork·~ · · .-. ' i · 

Once an assignment- program has :been- compiled~;·· assignments may be·· 

w.ade for the .present ·or any future year. ,fo'r··any- desi.red··,time· -perlod .dudng 

,g day. 

The assignment· program·ls usually te·s.ted •byt·making .assignments 

o:o the existing network using survey· data. These··re·sults are comparecí 

• 
with screen-line ·counts:·made-.during·the survey perio<i-. ' : 

'Hith the development of more refined assignment programs, several 

Q Methods or obtaining the final results have evol:ved. These methods falL 

o 

into four general categories: 

(i) "all or nothing" assignment wi.th no· capacity restraints, 

(ii) diversion curve assignment with no cap.acity restraints,. 

(iii)"all or nothing" assignment with capacity restraints,.an4 

(iv) proportional assignment with capacity restraints. 

In "all or nothing" assignment, all vehicles are ~ssigned to tbe· 

pa th Hi th the least travel resistance betto~een origin and .destination ·. 

"• 
zon~s. Diversion curve assignments divide the total number of trips, 

- - ' ' 

between origin and destination,. between two route, depending upon tho 

re~ativ~ values of travel resistance on the two routes. Propórti~nal 

;::.:;sign¡~.cnt divides the total trips between several routes, dependlng. 

~~on the relative va1ues of travel resistance for the several routcs~· 

•• 



15.3.7 Ev.1luation of Loaded Nctl..rork 

As shown in Figurel5.3-l, the lást step in the total transportation 

?~a~ning process is the evaluation of the loaded network. If the 

'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 ffiodified and re-assignment of interzonal transfers will be done and 

then evaluated. The assignment and evaluation are repeated until 

satisfactory results are reached. However, the final evaluation of the 

loaded network is generally the last step in the total transpo-tation • 

planning process. 

o 

o 

o 



o 
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Chapter 16 

:\ I !\?O !\T ;:.IODEL 

16.1 Objective: To construct a mathematical airport development model that 

\vould predict the future vo1ume of aviation activity over the time perioa 

to 1980. 

16.11 ~e approach used was unique among airport p1ans in that it 

took into account socio-economic factors as we11 as those more 

direct1y related to airport activity. 

16.12 The study used econometric and system techniques to deve1op a 

fu11y computerized mode1. 

16.13 Airports of similar socio-economic characteristics were grouped e=) 

for each model. The mode1s and the output forecasts are capable 

of impact studies and modification over time. 

16.14 The statewide airport plan provides a priority rating systew 

responsive to more immediate needs. 

ló.2 Verification and Classification of Airports: 

16.21 This phase was accomplished by a mailed inventory wiLh a li:nit2d 

field check to obtain a11 avai1able data' from the Federal Av.::..::.cio~, 

Agency and the Oklahoma Aeronautics Commission. All pub1icly anci 

privately owned airports important to the state system \l.'ere :i.nve,:-

toried. 

(1) The data co1lection revealed information regarding classif~c~ciün 

of aircraft movements, airport users, identification, ~~~po:t o 
ownership» runway size and load specification, and air~ürt 

services. (See Appendix E and F). 
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-(4) Tabulated data: ,(Refer to :Taole ~5-::F..:l9. and :F-31 l.ist) .• 
- " • _.._ /' .l ,:_ •' ~·- S 

fAlso, shown,-:is. · the .. ,totaL.ope rat ions... _,Other .. :tabul:atea !<lata 
\¡':~~_,¡_..\,.._ • ._. J~.,l., '..o:-·,·""t' -J • .' .... t(_ ,/,._)'.'_)V \ 't ~1 .. ~..J. '"d,! ~":,. t,.> ~ 

' 

,:~*-:.:r~u~.e~.s~R~I]..t:i:ft.~~-t;i9..t:t.·-~.9~~~-·- ; ... ::>' .· :·: ilJ~ h 
.2. .'l;'yp·e of <airport ·otvnership 

.,-¡~~h :;Rll~w9:y ~~pec~!'±~.4j:;i:on.fh· ;,typ_e,? a~d -:,?-;r~1-!8,th 
±ts 'surface 

···4.. Lighting presen'tly ·on :the ~f.iel<L :.!.( .);;._. 1 ·¡ 
··s.. ·other ~s·:i,gnificant· :'factors ·such :as .:fue1, 

,storqge, ·serv·i~es,, (~ano :c9nvenit:;mc~s .. , ; .. ;" 
'-'1 '-•oo. .._, ,....., o - ~ ~', ~ 1,.,r-> -;'"~- ...1, ~J, ~~.>' 

ló .• 3 _ Deterniinants-:of .:Airport.:Facil:ities: ';Thi~. ·~phase · ~~s _,,s t,udied ~~y 
• '2 • ~ ¡, ,.,._ ~ < r \,._, -.J ~--.! .,_;F - ._•),j~, 

:md 'the --.vólume ·of ·aviatlon .activity' to ·stat'istical .corre'la'i:'ion .uests • 
• .. "';",i~_.,.,!,..,. f ~:· ... :! .... F 

The condit±ons considered as :oeterml.nants .. (oec'idlng.Ifactors·) of .the 
,,~.._,.,.~,~{j\..~I,J::,;(-....._ ,..,:..,,J_;~_;.r._)~ .. ;~:.J:::...O.~• ~t_,.. .,.'.)~ 

~±r:p_or1t_,~~·~cjJ._H::f:J~s¿~r~}J ;· -; :~·~Ji?'(: ~--,·(·u ... :.;:-:· ; .. -:·: -rr 
.- '1:6 .;31 ,r.;.P.9p.1.il:at-~on ·an,d. Eco'nomic. ·ch~_:rac teris_tics¡ . , , ... _, . 

• e<' ~ - - l. .,._ Á..~ • '<'O ' ~ < r~ ~ ; .... ,J._ .,.• ( 'Oc ~ ) ., !i ~ j '> O ~ .,...., '- 1 4 ,;., ~ J o .,.• } ~. '1 ,• j ~ ~ ¡) ·~ o ~~ ~' .: 

' 
, .The ·character.isti'cs. ·that,.corré'la:ted ~highly ·with -demands :for 
_,.>,..- ~~~- ,_" ~ ::0~":..)1.' -.~ -~~) ")•' •• ..,.- ... J • .::---"··-~ -~, ... __ , __ • ....... -~' ¡ 

;afr:port ~facil'it-ie:;,~·~.r~·:._s-·,·~·-~ ~-¡,..1..'.<: .•. )<! ~-:..; ''~:~-.:.- 1)s- .. ,·: 

·IJ_ of ·.'famiTies ;'in,·a .s,ervice.·area with :-incomes .greater {than .. $10 ,000 
.11 :of A:na~st~ie_s_ 'wúh~·.gr~~i~r- .than ~-20 :en}plgye~s' ': · i 

. ~the-•volume:·:of ,retail .sales, -expre·ssed::in '.terms ~o-f,:sál'eti '\¡n'i"ts 
~ ' ' ~ _. ... ~ • .. -' ~ .-• ., \..• - -JI~ t .. • i• , ~ ~ _. <- -...: ._. L ~t ,.- J,' J ~ 

;the ·total :labor force.. · 
·fl.of. :s tudents._~enrólled; ,in .cól:lege ,." ., , :, .'" ,.'" 

• \' '-" ~' .' ~-J.,-/ 1,._'•'-'Y'J.._..._ •,,..J -~"' ,.•·~ J~ - .!'-~·~~ ~....,.,.;.( ~· ¡;,_, 
the ·total persona-l :income -

\ . - •, - ,_.__;:: ~_,.;. :: 1r;_ 1 .h~ • J .~ ). ~,. ("' .>'J- r-¡4: 

16. 32' Geographic Isolation ·of -an Area -- .No .signif.i:ca~i:· ~rélationship 

could be f~~~~{. 
! '- ~ -' 

J 
1 



16.33 Aeronautica1 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 if 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 c1assification of tha 

major airports in each county and the total number of annual 

operations. 

16.36 Recreational Development 

The Oklahoma airport system is already 1inked with all existing 

recreational facilities in the state. Thus, all points of intercst 

to the tourists are accessib1e 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 Grea 

with state, regional, or national sales are dependent on adcquate 

o 

o 

airport facilities. o 
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o 
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16.38 Regional Aeronautical Activity 

The development of a regional airport in Oklahoma is not 

considered ·feasible at present or within the time period 

- cóvered ·by this study. · Ín addition to the trernendous invest-

rnent required, tlu~ · proximity of · the Dallas-Fort \.J'orth regional 

airport should obviate the need for a similar Oklahoma facility 

until 1980 or beyond. 

16.39 Other Requirements 

In addition to the determinants discussed, the following f~c~or~ 

influence airport development and must be considered in plannin3 

specific sites. 

(1) Airport costs 

(2) Opti!l):ll distance between airport and populati.on cen·t1.1r 

(3) Sources of airport· financing 

(4) Sources of federal government financing 

(S) Sources of state and lócal financing 

(6) Sampling avi'ation activity for updating the plan. It .::.s 

recommended that a 24-hour count on a typical week day ~nd 

week-end day during f'Eill, winter, spring, and .summer should 

be obtained.· These counts can be expanded to an annua. 
'· '• .i 

operation figure by~the follówing formula: 

Total Annual 0perátions = 

S (Av. Week Day ·co'unt + 2 (Av. Heek-End Day ·Cot:•1·t) 3é5 
7 

The impact of each determinan t varíes throughou·t. :,;:he .s.ta.te 

to the extent that no single relationship between airport re<¡ui¡_·e;-

ments and airport determinants can be specificd fo~ ~the st~te as 

a whole. Consequently, a technique to group cities (airport) 

\ 



o 
into groups of similar socioeconomic char~cteristics was 

' 
c·reated. There were, ·five such groups, and a predictive 

e_quation or model ,.,as developed for ea,ch. The total· number 

o( variables used to. predict airport activity ~as seven; 

however, all were not used on each model. 
~' . ' ( 

16.4 Aviation Development Model 

The aviat:l..on development model is composed of .two submodels--a fore-

casting model which can be used to. determine the volume of aviation 
' ,~ ' ; ,_ 1 ' 

activity that can be expecte~ ~o occur in -an airport service area at any 
.. .,,, .... ~·~~~\ '(':~.~ '.~~" 

future year up to 1980, and a second submodel which is uded to compare 

the volume of ~viation activity and financia! resources of the service~ 

area. The total annual operations in each service.area were forcast for 

1975 and 1980 using trip generation equations developed by statistical o 
means. 

16.41 Submodel for Aviation Activity F~recast 

A nurnber of transportation .studies have j ustified the technique of 

relating the volume of trips ,generated in an area to social and 
._ ; '.:: ., 

economic factors assodiated with the ar~a •. But these are not 
1 

simple relationships. Two ~owns of similar population size rarely 

exhibit similar volurnes of travel. The proportion of trips by 

purpose also varies_between_ towns. Travel information cannot be 

' related strictly to population and vary with regio?s of the state 

becau~e of the vastly different regional topography ~nd diverse 

population social/economic characteristics. The- objective of ::!üs 

phase of the study was to develop a method of predicting the o 
travel volume in any area of the state in a format suitable for use 

by a transportation planner. For the purpose of this submodel, 



o the ·state Mas divided into a~eas of .similar travel demand. 

Scparate and .dis·tinct travel f·or.ecas.ting -equati'ons had t·o ·be 

develo:ped .f·or ·each ·arca. 

The firs't ·step ·was -to .dev:élop a me.thod of .d·:i;;viding a re,g:i!on 

into ar-eas ·of :s:l!milar travel demand.. 'rf:he 1demands .for ·sur,f-acc 

travel .and ,air ttravel ·.are di-rec•tJ..y rela·t·ed,; inc~reases in ,regui-re-

ments for tnew 'h:Lghway.s ~are -accompani:ed 'by new -ai.r.por:t ·.r.equ'i:r:emcnts. 

In add:Ht=i:on., areas ·that ·exh:i!bi:t ·hi!gh volumes of ai-r-c-raft .ac·tl:v:t;t_y 

also exh:í.:bd,;t ;h:f:gh volumes <Of lgr.ound -trans,porta'tion ac·tivi,~y. ;]lascd 

on ·th~s :ana!l::y.s:i:s., ,data ··was callee ted fr.om sel:ected towns ;t·hrO\.H~ñou.t 

.the .state. Towns .wer-e ·stui:Ued •On :the basis ·of g-eneral avd:a'tion 

demand, ¡ground ·t-ranspor.tation .demand., popuiation, ·per ·capi:ta l:r.come,, 

number -o'f ·hous:lmg -un1·ts ~ ·and ·other ·pertinent socio-:econou&c \V.ari-

o ables.. 'A factor ana~y.sis·;was .uséd ·to :g.roup ·co.urrti:es wi·th ;si:mü¿¡: 

transpor;t ·demand characie-r:is.tlcs in-to ~clust-ers .• 

When .this procedure ·was compl:eted., íOkü.áhoma ·counties had :becn 

grouped -into .nine ·c1!usters » ·six 'for the semi-rural areas •of :the 

S tate· .ano lthree for tthe .met-r.qpoii.tan por.tions '(:Se e Figure 19,, 

Appendix -E).. ·Deve'!l:opment ,of .t:he :for.ecast •equa·tions and .t:!"':.e íCl:us:ter 

techniques is shown i-n .Append·i:x ··F.. The .demand ;:5o.r ·:trans::>or·ta.t:ion .. 
varíes greatly from clus·ter ;io ·cluster,, ·but .cou_n·t:Les within -eac¡-¡ 

cluster exhibi:t similar ~tr,ends in :t-ravel demand .. 

Equa tions ·t·ermed trip genera'ti:on equations were :d·ev.e1:oped íb,:¡ 

multiple regression analysi·s. The final ·eq.uat:i:ons, a se_pa:r.ate one 

for each cluster, are shown in Table 6, Appendix F. The :eq.ua·tions 

o can be used to forecast ·general avia:tion activi't:¡ ·out •O'f .a-qy 

airport service area within a cluster in. terms of the annual 



nurnber of operations. 

16.42 Subrnodel for Developrnent Criteria 

Any one ~f three rxirnary types of criteria--nurnber of opcrations, 

t;pe of·airport facility requirernents for proposed industrial 

development, ~nd/or geographic isolation--can justify airport 

development alone ,if the need is sufficiently great. However, 

the three criteria are ranked in order of importance; cxpansion 

and irnportance of aviation facilities because of operationa¡ 

requirements is the high~st 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 

o 

size of aircraft utilizing the airport also incrcases. .~nd O 
as the size of aircraf·t. increases;· the runway length, Hiéch, 

and thickness requirel)lents also increase. A.Zter consiJcr::.t-.¿ 

the particular types· of air.craft now operati~g at Oklahowa 

airports and the probable types of aircraft that ~vill be 

operating at those airports in the future, the following 

is recornrnended: 

Annual Number of Operations 

Less than 5 ,000. 

More than 5,000 but less 
than 20,000 

More than 20,000 but less 
than 45,000. 

More than 45,000 plus 
business jet demand of 
of more than 1,000 

}íini n;um Flv\. 
CClass Facil L t•1 

LS 

BU I 

BU ·II 

· GU 
o 



o 

... 

o 

o 

An LS, BU I, or BU II faci1ity shou1d be 1ocated 
' ' ~' J 

within 15 minutes driving time. of the majority of 
~,,..,)< - ~· ·,j ;. ',., ·,-j~·,·, . . ~- ~ 

users. A GU or higher c1ass facility shou1d_ be 
.;:'Jf' :í:rc: .. ~· Jt ... ~¿~ ~ r.:,~-.,.."".:..-;.) :.:.. ·:,·· •f1 ... ,;·,, ... _,., 

1ocated within 30 minutes drivingtime of the maj~r-
. -- :. ~l:: o:.r~,:. :)J.r-I,L· .vu.: s·":-..~ (~ (,... ~~i.:.. ·· 7~:;.:.., ·J-:; 

ity of users. The expansion of a BU II c1ass air¡>vr\; 
" _(; ." • - ' -- ; • - ... - ~ ; ' ~ • z "") -

to a GU facility wi11 be justified when there are 
,•) ,/f J' 

0

1;_ ,¡::, !.,.1\Í~,'1 ..,,_;r ::::..I¡J''~ 1

<" 0 "v,<l ""' 

more than 45,000 annua1 operations.and the industries/ 
;: 'f.s~~) ~(J V~· ;.r. .. · --!i1~) ~·: -··~-;·', -,: ... -.~~e..,.~ 

businesses of the area project a.uti1ization of more 
-' :~ ,•-d ~}00.;¡ ~ '¡;nf:' ~:. ~ -<1:' 1 ' r;u"~' < -

than 1,000 annua1 _operations by aircraft requiring 
t,·r vc! e::~~~,~':)!") ·::;r~~·~· ::·,·~~ :~- ·, 1'. 

runway lengths 1onger than present1y.avai1ab1e. , 
: _, ;·. Jl ~;t ," ~·:.:..· í'"::_f-~ 

16.422 .Crite~i~ fo~ Inqustria1 Deve1opment 
-.. -A~' f,t~')'-_!,,)1"' ~JS:.•-.:..Jh~¡,).""/ ~'}, -.~'. ( '.,-.\ -1 "1t 'lil·. ~-'- --=~'.,. '.' 

16.423 Criteria for Geographic Iso1ation , 
; ; ." 

4 ~ ~ '.. 7 6 fÁ ~: '1,.;. ~ ".,.:.:,; CJ :.- ;:-t t;r ~· ~r ~ ~ ·-, •,: ¡• ' ..::~ ~ ~ '¡ j ~' ""\ 

i'-. 

Because of the high degree. of co,rre1ation betHeen s.;;,c:..a...l/ 
_. :L~·~: ~::::~~ ~!·.,H t-J,-r:" v:;:.· ·-, .. _ 'J • í.- )_,.... ~.~ • ...... -JJ ·~r-' ¡·· 

economic activities and determinates of aviation dem.:-,n<i. 
', ,-.·:1 ~~ y:~!,Í"~-j~"~./ ~:~,:. ft:-,_[?-:f~ ,,,... .. :,_trr~ i --~, i'";.."'} -: 

the counties that are_economica11y depresseá, sociQlly de-
·/r ~ r-' ) l :J J{ ~e:.. tJ:. ~ 1:, :o:r""::: .: ":. Q$ ·~"': ~.~.,·~ _~e~~ 0 ..~, !""' ~ 1 

• \., .. ,·~.~... • -~'' -

prived, and geographica11y iso1ated ~how no ,projec~~4 
1 

.,¡; _, ' ', r • l , • ,_ ' , _ ~ 1, '¡ t ~ !:.} ~) -; , \ ' 

growth in aviation activity between now and_l980. 
- l,"':.~,'J ,'j , ·-,•_,; ..J~._r .. _' .,-. =--LLL:· ' ~,. ~ l .. ~-') ' , t; 

Airports sho~1d ~~ deve1oped in geograph~c~11y ispl~tcd 
'} ', ;.:;- (~r!~ .·~~:>r·-,:· .:: '•" • ~~--~·./ , . ..,'~ .·) ' "' :.· 

areas for two reasons. First, it. is considerab1y easier 
-- <:·,\J<:\\l~c + -~~:;~i ··: ·. ~:·~) .. \. ~ _. .. -~· ·· -·' · · - ·-' 

':.1' 

to encourage investments in business and recreation fa-
r::...r~,.,... r~/1Jt•r-¡' \':r".qft ~.,...: .:/')..{ ':'.: ' .. j[• ~ ', \'.~ ~~.--,-' ~ 

cilities if an airport ís a1ready in existence, and s~co~ci, 
... ~~, r.;·1iF~ .... .:)..(()_:, 1-,_; J~,ul ·-- ~'>'"Ji-..-~.·; '...:'.J:i1. ;_ .'''-', { 

there is a safety prob1em assóciated with f1ying ove-: 
-r~ ~, Pn..:.~l~ li ( -:~;) ,''..-!:;\:'·;J,"•' :. ·.;~, ~r:1~ .... ,...~·''r1 ,:_1- , 

certain portions of the state where there are no airpo~ts. 
-~ .~,li';,L~ :"~;·,~'",.~X\:~ ·~~:; \,'.:'~,r;-~·:L· :i:J_; 

Therefore, safety and socio::-economic impr,o"'~ments c'lre 
"'\~ .. ,· . ~· ... ~~~~, ) ... ,... - ' ··::.-·\-:-_\ •; :u 

suitab1e criteria for aviation deve1opment. . ' ' ... . ' ~"'- \.'. ~ 



The ultimate goal would be to have an airport 1ocatecl o 
within 15 minutes trave1 time of every city which is iess 

than 25,000 but greater than 1,000. Ci ti es 1arger t.:c.r. 

25,000 meet criteria for airport deve1opment othcr tLJt'. 

geographic isolation and are not a concern of geogr&p:~:i.c 

isolation criteria. 

It is recommended to have an airport 1ocated \vlthin 35 

minutes travel time of every city which is less thu.n 

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 Conpz.ring 

actual number of operations occurring within a service area (y) o 
with the number predicted by the appropriate trip generation 

equation (9) establishes the validity of the mode1. This test 

was applied to selected airports in each cluster except the 

large urban areas in cluster two. 

For exampl~: for cluster one (see Fugure 9, Appendix E), t:-...:! 

Alva service area was tested using the trip generatioa cquatio;1: 

Broken clown, this equation simply states that the prcdictcci o:)12r-

ations at Alva (9) are equal to 1054 times the number of 

with more than 20 employees (X
1
), plus 4.4 times coi~ege enroll;.~~'"1.:.: 

(X
2
), plus 771 times eligible single-engine aircraft (X3), plus 

3949 times eligible multi-engine aircraft (X4), minus 5544. Tl1~ 

equation was solved by substituting values of x1 through x4 from O 



o 

o 

o 

the appropriate columns of Appendix A in the following fas~ion: 

9 = 1054 X 4 + 4.4 X 276 + 771 X 23 + 3949 X 1 - 5544 . \ 

y = 21,706 

'l'hus, the predicted number of operations at Alva wa.:; 21,706. Th~ 

reported (actual) number of operations at Alva for the sarae pcriod 

was 22,000. The error y'- y) was 22,000- 2lp706 .. 294, or' within 

1.4 percent. 

16.52 Test Statistics 

16.53 Test of Reasonableness 

Seven independent variables were used in the final analysis. .. ' .c.aca 

of these variables is directly related, to aviation activity, ana 

the growth ~oiecasts of each variable are relatively easy to ob~ain. 

The variables are: 

x1 = 1! of industries in a service area with more 
employees 

x2 = college enrollment in services areas 

x3 = U of single-engine aircraft 

x4 = # of eligible multi-engine aircraft 

x5 = total la~or force 

x6 = total,perso~~~ income 

x7 = u of airmen 

The output from the models was tested against airport plans from 

Lawton, Oklahoma City, Tulsa and 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 indicat~d 

more conservative levels of design than those recommended by the 

FAA. 



16.6 Schedule of Pro) e'cted Airport Investments for Oklahoma: 

16.61 Projected Criteria 

The first step :Js foreca~ting the growth of the determinants 

-_{X
1 

through x
7

) of airports from, the present to 1980. 

The basic criteria used in these projections are: 

1~ If during the study period, projected operations (9) at an 

airport exceed 5000 operations per ye~r, it was justified to 
~\ ·-- ' 

construct a Jpaved .BU I airport with low intensity rumvay ligh;:s 

and all necessary taxiways and aprons. 

2. If the pr~jected operations exceeded 20,000 operations per 

year, there was justification to developvthe next stage (BU II) 

of the airport with the necessary expansion of runways, taxi-

ways, aprons, and lights. Medium intensity runway lights could 

justify the expenditure. 

3. If the projected operations exceeded 45,000 operations, the 

airport should be expanded t-o a General Utility wi th medium 

intensity runway lights. A sité stUdy should be made to de-.. 
termine if. additional runways are required fo-r better •.vind 

coverage. Construction of paralled taxiways and· larger a~rons 

are also justified. 

4. Basic Transpo.rt type.. runways' are justified when the economics 

or industrializatio'n requirements of the 'atea die t.{ te a 'specif le 

type of field. 

5. Geographic isolation was also used as a criteria in'airport 

development. If an' area with a populatión of mbre·than 1,000 

o 

o 

0: 
1 
1 

' 



o 

o 

o 

be .uscd !to ,ae.ter.mine whi•ch alrports :to ·funtt. Xhe .followi.•L 

·iát~ly ;below.,. ·i·s .;rec'omm~naea •. ·" ,. 

:J: ~:: ~·Avia'fi:~:ll\ '1Ac.ti vi ty .,. !Ht .J u . ~~ , ··e '"' .. .r ,) ·: ·} ~~ 
2.. [.rrdus·.trla¡}, :Deve·lopment. 
3. <Geogra,phíc :Isolation.\:,í;,¡· . .... J¿: .. :" v:., 
:4.. !Ni'r :Frelght .• 

' " ( ·~ ' 

~ f; ¡ "' ' 

1 
, , : • : ..) 

1 ; i.~ ~~, \ : ... ·) ;;f !: J ~1 tJ -, •. s J _~; ~. ·"··· ·.·,· '¡ r{ l· .f", 1 ¡ •• , ~, · ....... ~ ..-
- '"~_¡,1(,:~· .. '.- .J ... -"1 •• f¡(;.; ~ 

The ,po:int :s.Y.st·em 2has :1:00 tto·tai :posslible :pol:nts ·.wi:t-h ;a :ma:"::;::¡_.¡;¡ '·: 
~ d ;~..:.~~.J':J'f~ !::;,: __ ;: -=.o t~'),f ~ .. :.f,¡y~c~; ~:J~? ;~ . .)~~ ¡..:·,;;::· (~ ~~J :- r]. ''.(¡() :' 

40 .po'i,nts ff:or ·avi:ation :activi't;y., .a ,maximum <Of :30 ,po'ints f.o-.: ~ •. ___ 
l::'\.._j.~.,lc :::·t '""~;;_",,·e,·. 

·t-rl:aJ. deve:l:opment,, ,a ,maximum 10'f :10 ¡pol:n'ts ifor ¡geqgt:a,p·hic 1.:; ):L;,·;.'i 

:.~~~ .~ ",~-~~~~~1~}\¡;()']~~1n~~~( :fo~: ~~0-·;;~~;~.t~,.íf'ó~ ,'~ir \t·'~;~tght. - ~::·.e 
! '. ·~ J V .} ') _. J !,... 0 ~ .. r; ;, ..... J) .... ; "] ;: J .... ··r '.> r ' '·'' - •' \) i ~i V~ 1. ~.)-::: :~ ·:} 1- ~ -

scor·ing <o·f ¡po·ints .shouid ~be ,done <as ífoB:ows:: 

. l. 
...,,,-, t~o ... }. :(..: -~,. __ -;'í_"" JJ ~(. Jt;"o·~ {4~· ·~ ;...-, -~ ,.,., . .,.~~ - t.l ""~t' ., 

.-Avi'a·uron IActlv.tt.y' \~40-¡poln~t-t~·xl~~ni)··:> ~íOne-woltit'ií'oi- íe~. ::1 :;¿,,.~ . 
·--~ ... '\,.)("'7 \"".~ ', r-

-exlsti:l:ng :annual (o"peratlons ;a:t ;an ral·rpor·t··.wtth ,á:rl .atr;¡:.:·.~.t3 
, ~ -.-.,. .: : ,¡?;s ·;..Jt:t~ -.JL)rJ ... J;x.::.. 0-~ ó- :~,-;-·. { .. ,1"" ~P ¡:\< . ...,.'".,.~:, .. ~;-- ~-· - . 

~havlng i80}0'00 ,or 1mot'e <annual ~p-er"'~i:..:io~s :~ecefv.l~:g :úí'(. '.¿ ... :.ú,:·.~ ... 
.,_:: ·_:"~-'-·'"~"::v(:::~t . ..L f'I!:J .. ' _',~::., :~~J;'¡,_~. ~:fl~·_,., 

40 ;polnts. 
-, -,,:',-. ~.,:_,~,, -s1~c.~c .-.~·:·~-~,·.~(,· ; ........ ~ ... ~. ~ .. : ,., ..,,.J.~¡~ 'r} _ 

2. Industrial :nevelopment {(:30-;po::ln:t".~~imuíil)';. ·-';.r:i.v,e' ~p'o1rX"s' ~'f.o~ 
.. ,,r: ~ .t~· z· : ..... .("J~,_~ ·:··,· .. ~ ·s .. ··} ,.,·,·:-:~ -; ~ -; ~: , .... ¡:. ......... -, ... -~ 

.each ±naustt:.Y ·w·iith 1more ttha'n :20 -,~~i>lq.y~es 'it'liat -;the '}1-:x.i',us¿rl.~.:. 
1\, .. :-~~"~c";,:,J~I~'..,"m~C~ '\{ 1\.,•' "'''\. ',,• ~ 

·neve<:tqpmént ,an'a 'P,ark ÍDepar.tme~t ·,est:i~te~- ::wfrlrl ibe ·:ac.:::..: . .:.-dtc'J. 
f.J'..,41• 1 .~-i.{:~~Jp~ .. J~~ .... -:."'Í t.)--=,.~,;·--i .:_-;..., ~ ~~'}"<>' ;,~~(:._u.~··:. -:-•,: ~~"."U 1,. '""~nr"\, ,,,. 

to ~th~ .area ·w':l::thin ·.two :.years ;af·.ter ;al·~:pod:: -::aeve'lo.pm~:L't,;1arid 
· 1 : ~"1:..~-:...."':..(.r oj !·~P .. ~t:. .. ~~: :'l- nL · < ·~~ ..,-.~ ~ ... r·, ~ 1 ~ .. -- .... , ~-~ t'" • ,_-

one ;poin·t ifor ,~ach :10 :new j oh· tq.peni11gs · :tha ¡:-,~iil'llb.e .dr~át-¿~ 

.wi:thin •two o/ears ~Y 'ithe :al:r:por.t ,aeve;1q.ptÍten·t .• 
.. ~¡' '. ... • :~ 1 •• ~ ¡' J t'" 
;A <:COl!.<) .. ~.<·. l:J;Oll 

indus·t·ry wi·th .an emp'lqyment •o'f .2.50 ·wi~ll ·score .3'0., ;:or .::l~ree 

industries .and il'SO ·emp~qy.ees 'woula :aa:so ;scora .:30 .• 



o 
3. Geographic Iso1ation (20-point maximum). ::ruo point:.> fur each 

\ 

five-minute travel time incremcnt from the centcr of t:1c p:-o-

posed airport service area to the nearest existing air~urt, 

and one point for each 500 inhabitants in the service .1Lza. 

For examp1e, an airport 40 minutes travel time from th~ neare·st 

airport with a service area popu1ation of 1500 would have a 

score of 19 points. 

4. Air Freight (10-point maximum). One point for each f~v3 tons 

of annua1 air freight vo1urne generated or ~rojected wit~in 

two years. Airports having 50 tons per year or more wc~lrl 

receive 10 points. 

-This priority system can be used to eva1uate both exist1ng ¿ir)orts o 
and potential airports. The point system is responsive to i:":"'"'.oci<:t.! 

future situations instead of 1ong-term projections. The r:.:.~:i.n¿; 

system can be used for either a service area where airport irpro~c-

ment is required or for an area where new airport developmcn~ i3 

required. Once the rating points have been estab1ished foc each 

airport submitted, the airports can be ranked in arder of t;,e1.r 

point rating. 

o 
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FIGURE 10 

RECOMM!:NDED 1%0 AIRPOn SYSTEM 
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, NTRODUCTI O,N, .J~:r USE _______ ..:-.:-;....:.._ __ .1 

TABLE 5 

INVENTORY -DATA 

'· . FO~ 

.. .OKLAHOMA AIRPORTS 

1his toblc is u~ed Jo ~epict the state oirport system as it existed at the time of the inv.:.n-
' 

,, ' 

tviy. Columns (l} and (2) are.self.explanotory, while column (3) contain~·lhe new,-,;:1~<\ _ l, 
• ' ' t ~ ' - - ' - ... -

ai:-port clossihcation system. This doto was determi11~d by. FAA publication, AC 150/5300'-

..;;A - Uti lity Airports and AC 150/5300- Airport Design Standords- General Aviorion 

;-drport:. - Basic ~nd,~neral Tran_sport. (i ' 2 ) -

The d( i"ini t:ons of the FAA c!assification terms used ore as follows: 

~cr,c1:.1g Strip (LS). ,lending _FaciiWe~ _sm_aller than Bosic_U!illty airp~rt,,Stoge 1. 

'l, ·, 

..;,1~:c Lhility, Stage.L(BU 1). A stoge 1 airport can accommoclote about 75-~rcent of the 

,:ropciler oircroft under 12,500 pound~ _and th~ runway must meet mi!1irnum -length criterio 

which are dcpend~nt.upo~ maxim.um normal temp,erature cmd.airport-elev_ation •. 

... ' ,_ 
r..., -....' • 1' 

~·:~~ic Utility, Stoge JI (BU 11). A stage 11 airpor~ can accommodote obout 95 .percent of 

:he ?ropeller dr_iven air crpft, un9~r 12,59Q.po.unds.and also.must rneet minimurn runway. 

' 1 1 • • 
1 :••c1 ~ -. en ten?. ~ t ; • ~ '- ' .• 

_, 

,-;(;rleial Uti lity (GU). This type of oirport must mect mínimum runway length criterio 

,, .J oc..:ommod~te substc;mti_olly all.propeller dri~en gircraft of.'l_ess)hc:m:l2,500 pounds. 

1 •J oirport should hove o substontiol usage or potentiol u.sage of oirc;roft having a gross 

· -::c;hí of over 3000 pounds. 

;e lransport (BT). The Basic Transport type of airport is plonned to occommodate 

Abo ¡t.:t powered oircroft which are 60,000 pounds gross weight. This clossification 



;.) .:,,-;:dicd to thc General Utility airports on a percentage basis. t:-.ample: BT 60-'/0 

_;;t -:1c oirport can accommodate 60 percent of the Basic Tronsport fleet@ 90% 

-'v' ·'-·-'"· ·;nis !y¡Je of airport is plonned for use by the "business jets". 

;;:;;- _ ... : ironsport (GT). The General Tronsport oirport occommodotes transport cotcoory 

;irp.cn~'s up to 175,000 pounds gross weight. 

Sch~c:c¡:c.:J Air Tronsport (AT). Airports used orto be used by CAB and state certificotcd 

.:.ir corriers which use transport category oircroft. 

Cc,•xnr. (4} contains the present operotions count ot the airports by category. An opcra.-ion 

is cúined os either a lending ora tokeoff. 

·:r.-3 operu1ions are shown as local, itinerant, and total. A local operation is a takeoff 

u.1d landir.g at the same airport with no intermediate stops. An itinerant operai ion is c.1 

opcration wi th departure or dcstination ata different airport. An itinerant operation can 

b.:! eitner interstate or intra-state. A breakdown of itinerant operations inro rht: low.::r 

categorics was deemed unfeasible. Airport personnel contacted had no accurate way of 

c.;~imatir.J thc percentage of interstate or intra-state traffic and could offer only a gue:.s 

on thcir CJircady cstimated itinerant count. A research of available statistics also rcve<~•..:ü 

tr-.at the data wqs unavailable. The total operations ore a!so shown. Thc number in par-.;n

: '-,c~is una·~r thc total number of operations is the percentage that present operations arl: :o 

t:1c: oirports capacity. The airports capacity wos determined using AC 150/5060-l A, Air

sort Cap:.Jcity Criterio Used in Preparing The National Airport Plan. (j) 

Column (5) shows the users identificotion based on the type of services ond use availabit.. at 

.~ air!)ort. The definition of the symbols is as follows: 

, • E - Business 
2. : - Commercial 

'"'· P- Pleasuro 
4. 1 - lnstruc tiona 1 

'• 

F-12 

o 

o 



o~ 

o 

o 

5. M- Military 
6. T- Taxi 
7. E - Salonced 

Co:umn (6) is the type of airport ownership. PUBis for public ownership, -while PVJ, is for 

¡xivote owncrship. 

Column (7) is the principal runway specifications and type and strength of its surfa~.J~ ~E:<

cr .pie: 3400 X 75, Asph 9.55-12.80-19 .ODT. This mean~ the leng'th '¡'~ 3400 fee't ~hile 
.h~ width is 75 feet, the surface is ospholt, ond the estimatcd load carrying capabili;¡ is 

9,500 pounds foro single wheel, 12,800 pounds for a dual wheel, and 19,000 pou."'ldi for 

o dual tandum whee!. 

Column (8) is the type of lightlng presently on the fie!d. An explanation of the symools is os 

follows: 

1. RB- Rotcting Beacon 
2. LlRL- Low intensity runway lights 
3. LITL- Low intensity taxiway lights 
4. MIRL- Medim intensity runwoy lights 
5. MITL- Medium intensity toxiway lights 
6. HIRL- High intensity runway lights 

' Column (8) is used to list other significont factors that influence the numbcr operations of 

oirports. An explanotion of the symbols used in this column is as follows: 

A. Fuel 
l. Fl 
2. F2 
3. F3 
4. F4 

B. Storage 

80/87 
100/130 
115/145 
Jet 

1 • H-3 Conventional hanger followed by number of structures. 
2. T-4 T-Hangers followed by number of stolls 

F-13 

,. 



C. Services " 
1 • Sl · Minar Repair 
2. S2 , IV'9 jor Repair 

::. Convenienccs 

1. Cl 
2. C2 
3. C3 

Rest Rooms 
Restaurant 
Transportation 
Unicom ' 4. C4 

s. cs. . Wind "Tees" or' Cones 
-' 

o 

o 

F-14 



o o 

( ' A¡~\?'~~~! \,,q-¡· -\ (4) Ü(ft~ATiC>,~, {5)US~:, c .. \~,~ .. ~ ::r, -· 1 ! r •, "' , • ~ • Li -~:. ll ¡ ' ..... 
t\ 1_.11 - - ••• : ~ 

( 1 ) (2) r . -.:-'-
'- Lr• .. LOCAL ¡-¡ INtKAt--.11 TC rl\l J~Jt~-.Jr SHIP(0) ShC~Vj (2) (9) 

(C;~(j"" 

paci1y) 
. , . 

Cimarron Boise City LS 1000 2200 3200 B, P,C PUB 3450x~.O LIRL F-1,f.:.2;T-11,-' 
(3.37%) 

' ' 
Asphalt 

' ~~ 
S-1 ,C-3,C-4, . 

12._5.(woss) C-5 
¡¡-' "'- ~-, •' •' ' " ,, 

110,000 
~"_.,• ....... ' . \_ ' ' ~ - . 

Cleveland Max West~ GU 80,000 30,000 E PUB 4765x200 RB. F-1 F;_2'· f:".:.3. ·F-4 
, 1 1 

heimer BT 60- • 1 
. (65-85%) Asphalt MIRL T-30, H-3, S-2, 

6Q. ... .; 155-2-D- MITL C-l,C-2,C-3, 
. ,. : ,·- 30DT C-4 C-5 ''1".:1'-

'""r", . l. 

\. ... 
•''-

12th Street LS 2700 1030 3730 B,P,C,I Pvr 2740x100 Non e F-f H-5 S-2· , 1 

Airpark (4.15%) Asphalt & C-1,C-3,C-5 
Turf 4S (gross} 

··~ " ' ¿ '. ¡ ¡;' 

"T1 Coal Municipal·-· Bl)·l', Nót E~tablished B, ~- · .. PUB-- 2640x60' Non e C-5 
1 . - .. :"" 

(Coalgate) new Airport Aspha!t --
-o 

Unavailable 

Rice1 . . }'; ' lS o 300 300 - . B,P PVT 
,, 

1750x6'6 . 
~ lo.> ~ ; 1\ ¡ 

C-5 Non~,.· 
" 

f l :· • ~ ... 
'' (0~53%) Turf ., 

' ,._ 
.. . 

Comanche Huscher " LS 3000 1200 4200 B,P,C,I PVT 2000x140 Non e F-1 H-2 S-4 1 • , 

Field (3~82_%) Turf C-l,C-5 

. ... 
Municipal GU 56,565 34,743 91,308 E PUB 5450xl00 RB F-1,F-2,F-4, 
(Lawton) BTlOO- (83%) ,Concrete MIRL T-20, H-3, S-2, 

60 50S-75D- C-1,C-2,C-3, 
13SDT · C-4,C-5 

Cotton Ter',·!;_ ! o:; 1C:1 15'10 2S~C B,PJ":I r· ·~ 2-~00,:65 Non e f..,l,T-,·2,H-l, 'v 1 

(2. 73<)(,) oil ro:ci ·c.:s 

,, 



e 1 t. 1 ¡ { /,!~PC):\.1 (: ,H, (·~) 0f'[fU',1 IOI'b (~>u~·,. • .) ..;r l' 0\'.'i ~l- ). RU.·l'/!/,: u ;; ~-: r 1 1 < e ¡: ~ '/;/-.!: 1<~. 
( l ) (?) Cl/' .. ~)s LOCA! 11 ¿ 1'-l :¡: 1'·. t'-! l lOTl.l IDEr--n SHIP([) SH:CS(/) (8) (9) 

(%ce.. 

paci ty) 

Croig Municpol BUI 200 2100 2300 B, P,C PUB 3000x60 LIRL F -1, F-2, T -·~ , H- 1 
Vi nito (2. 34%) (2. 56%) Asphalt LITL 5-2,e-l,C-2, 

9.55-12.80- C-3 1 e-41 C-5 
19DT 

Cree k Jones BU 11 1000 1500 2500 B,P,C,I PUB 3400x60 RB F-1 1H-1,S-2 
Memorial (2.78%) Aspholt LIRL e -1 , e -31 e -4, 

5S-gross C-5 

Custer Municipal BUI 5500 8500 141000 E PUB 3200x75 RB F-l,F-2,T-21 
(Clinton) (8.5%) Aspholt LIRL H-1 , S-1 , e -1 1 

12.55-200 LITL C-3,C-4, C-5 
-n 360T 
1 
1'..) 

o 
Municipal BUl 2000 1250 3250 B, p PUB 3CCOx50 Nono F-l,F-2, T-3,C-3 
(Thomas) (3.61 %) Asphalt C-5 

6$-90-
11.3DT 

Weather- L5 Not ovailaSie, new B, p PVT 2628x50 Non e T-21H-1 1C-3,. 
ford Public cirport bcing Oil mat C-5 

BU 1 bui 1 t (Thomas P. 5tafford) 
4400• runwoy 

Oelaworc lslond Forrns L5 300 400 700 B, p PVT 3100x100 Non3 H-l,C-l,C-2 
(0.78%) Gro$S C-3,C. .: , C-5 

N10n!...t.y LS 1 CJ 1.00~ 41(1~ B, p PVT 2é00xl C:> N··-_, . F-1,F<>,C1 .. 
lsland (!;.56%) Turf C-?.,e-3,C ~ 

o o o 



o o o 

COUNTY 1\'i'~í'QS.. (3)FAA (4) OPmATIONS (5)USER OVIl·~ a~-- RUI'-J\'/AY LIGHTING R Et ~~. \i~ i~S 
(1) (2) CLAt;S LOCAL li"ENERANT TOT /'.L IDENl SHIP(/~) SPECS(l) (8) (9) 

(o/ceo-
pocily) 

' '" 

Nowota 1\r\unicipal LS 3200 4320 7520 B,P,C,I PUB 25ú0x50 RB F-l,H-l,C-5 
Cont' d (Nowata) (8.35lJ~) Aspholt·l' :, 

7.5S--12~SD-

19DT 
'>, "' "., 

,; 

Okfuskee Okemah·:., BU 1 900 1800 2700 
' 

BCCI PUB 3000x1 OO,·,:.Nor.e 
- J ~ 

F-1,H-3,C-5 
' .. -· ,, ~. 

·-,{ ( (3.0%): ': ' Turf ....... ;\;:·~~~~-- : " )· ¡. ''· 

Oklohoma Downtown BU 1 7250 21,750 ~9,000 E PVT 3240x1~_~:_ LIRL F-l;F-2,F-4,T-28, 
Alrpcrk (30.6%) Asphalt·(-- :- H-3,S-2,C-1 ,C-2, 

~ :- -~ ¡, ''" ~ ~ 
.. f ... ~ 12.5 Qross · .~;; ~r C-3,C--4,C-5 ' •\..o!,.i."- ; "' ~ -· 

1 -¡t.- - ~ ~ ~ - - ' <. ~~ '-~., -· '" '·~ ' • 1 l._ ! 1:_ ~ ., Expressway BU i 8100 24,000 32,100 B,P,C,I PVT 3000x7Ó RB F-1,F-2,T-20,H-3,S-2 
1 
(,) Junction (35.6%) Asphcl t..,:. LIRL C-2,C-3,C-4,C-5 

155-200-"- :~: 
~ 

: ,_ ~ . 30DT, ':. . ',~. ~ 
'':__, 

'·r. ~ !.. , : ' ~ ., ' ' ·,_ '-~-: . ./ ... .- : .j 

Jane's GU 700 100 800 B,P PVT 5000x150 Nonc F-2, T-1, H-1 
Pos tu re (0.84%)' ;1; . .,': Turf ;.i C-2 C-3 C-5 1 1 ' _. ,, ' .. ~ ~ 

¡ ,'"-1 - ' 

Service LS 400 aoo 700 B,P PVT 2400x200 Nona F-1,F-3,C-5 
(0.78%). Turf <', 

~ ... 
Stomper LS Not Availoblc B,P PVT 1500~J5 Non e C-5 
Ron eh Turf 

l Wilcy Po:t GU 94,429 96,41.3 190,009 E PUB 7200;(15:;1 RS F-1 F-2 F-4 T-103 , 1 1 -

,:!; '':ST:l00-:-(0 ... ,., • -< (60-·~'J%) (O - - ¿ A e ·.' , 1 t 
~ 1 J _J ~ - 1 ~¡.;. 1 ...... •,, ·fv'd f~L H·· ·,·S··~1 C-J,(-' 

15S-20D·-30Dl e-:~, e- J.., c:-·5 



e''' :t-.1 r·· \.._, ~_.- 1 ... • 1 ~~·'·?C)::: r ('J 'r· '· '· ,•'JI / v-\ (4) OPER.-·\'¡'Iúr'<::. (- • IC' •• ,., 
::. ,~ .. -' ~: l.. e-~.,-.'; ! j-. -· ~:'J: '\V t1.l, l l ~~ !~7.: . .- -. 1 ~ 'n, j 1 1 ' ' ! 

(1) • 1 ~~ (.:_,~.:.S L CX: :..L ¡·: U'1fJ·A:-...n TOT 1\1_ IDLi'!T S!""·(' S Pi::_· S 17} li_,j \.:.. 1 ... r· 0 J '·'. 
(o/oeu-
poci ty) 

Oklohoma Will Rogcrs AT 661262 1361299 .. 202, 5.S1 E PUB 9r0'),._ 1 5') r.~ f· 1 i:: .. r,, ~ • t 1 ... ...... 1 ,_, • 1 ., . -.. ' 

cont• d (84%) . Asp & Cone HIRL · S-2 C-1 C-2 C-3 , 1 -' 1 

100S-200D- MITL C-4 t-5 1 

300DT 

Wynn LS 600 1200 1800 Bl p PVT 2250x200 Non e C-3,C-5 
(2.0%) Turf 

Okmulgee Ashley LS 150 10 160 B,P,C,I PVT 1600x50 Non e T-1, H-1 ,C-5 
(0.18%} ·. ·.r;·Turf ' . ... 

· .... 
M.micipal BU 1 500 1500 2000 B, p, PUB 3000x50 LIRL F-1, T-5,H-1 

"11 (Henryetto) (2.22%) Aspholt e-~ 
1 ·9.5S-12.8D-w 

N 
19DT .. 

. ' ~ 

Municipal GU 4500 3600 8100 E PUB 43C0x150 RB F-1 ,F-2,H-1,C-1 
(Okmulgee) (8. 1 %) Concrete MIRL C-3,~-41 C-5 

30S-50D-
80DT 

Osage Codding BU 1 o 100 100 B, p PVT 
' 

3200x75 Non e C-5 
' Cottle· (0.11%) Asphalt •) 

15S-20D-30DT 

Coopcr LS 260 40 300 B,P PVT 1600x75. Non e H-1 1C-5 
. ' '. Ronch ~ (0.33%} Tu;f 

' 

Frank· GU 12,480 121300 241780 E PUB 6200x100 R3 F-1,F-2,F-4,T·1~. 

PhiiiJps B fl(t¡)-tD (26.2';;, - Cu;,crctc M1RL H ~ !, s- ::,e .. ~, ~ .. 
w 

7 ,, . ~~ .... c .. · .. ,e e: 
'•..> ............. ..J 

1?3[JT :r~i! 



o 

-n 
1 
~ ... 

Cluster 

1 
2 

•)1 ' 

·3 
4 
5 
6 
7 

Where 

'r 

o ·o 

TABLE. 6 

TRIP GENERATION EQUATIONS 

" , 

.... 
', J 

Equation 

Y= 1054 X¡ + 4.4 X2 + 777 .O X3 + 3949X4- 5544 
J~!e SMSA~ S vy_~r~ subjectcd)~.an indepP,r;¡~crit analx~Js 
Y-'= 7456 X¡ --41.0X2 + 6912 · "' ~;., . tt ·~ 
Y= 461.6 XJ :t 8858 x4 -_18.2X5 + 1057X7 + 5?,06,, 
Y=J67~·ox3'-r 367.0X4 +'2~0Xs-266;3 '··" 
y= ·1425.6 X¡,+ 4.9X5 - l.OX6 + 613(' _ .. 
Y= 31.8 x2·-0.4 x6 + 204.4X7 + ·2579 .. " 

' .. 
• • J 

--::,-, . 

Y= The tofM'~;nnual operati~~~ in a servi~~ orea;· ·, 
. " _ .. , X¡ ,=.1h~ num~er of industries in a service Oíea with more 

' . -: ''.!.~. . tllan 20 employees 

X2 = The total college enrollment in the_service orea¡. 
X3 = Thc númb;r of eligibl~-:single-engine Ciircroft in' the 

service oreo¡ 
X4 = The·num_~?r of multi-cngine-aircraft-in·tha service· orea; 
x5 ;: The_!?tol labor force in.t_he service orea; 
X6 = The· total personal income)n the ,service orea; 
X]= The totai number of oirmen in the service or~a; 



TAt.LE 7 

STATISTICAL ANALYSIS OF MULTIPLE REGRESSION VARIABLES 

Cluster Coeffi ci ents of 1 ndependcnt Variable~ Test Statistics 

xl ~ x3 x4 xs x6 x7 Standard Actual R R2 F 
Error Error 

• it;.~ 

1054 +4.4 n1 3949 10716 294 0.983 0.966 21.8 

2 THE SMSA'S WERE SUBJECTED TO AN INDEPENDENT ANA.LYSIS 

3 7456 -41.0 9644 640 0.83 0.67 9.99 
-n 
1 

4 ~ 
N 461 8858 -18.2 1066 14572 2680 0.97 0.94 33.60 

5 367 367 2 1639 400 0.97 0.94 55.90 

6 1425.6 4.9 1.0 2712 2100 0.92 0.84 7.43 

7 31.8 0.4 204.4 11343 3380 0.83 0.67 5.37 

o o o 
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CH:APTER 17 

· . l Intcoduc:tion 

7hc,;housing. suo.-modél: :i:s. d'esi:gned' to, determine the hous=i;ng: -n9~ci:.. 

<' .• <. urban ar.ea-~ 'The mod'e:t ba's:fca.J.:Iy_ dea]s .. w:litlii. tlie· :iid'entiH<;:ation. oí ru:~ü~e

.. o1lds· ~nd' tlie· ·:f!dentif:iicatfon. of ·.nousíng,_un:i:ts:'·iim~wh:i:cli\..ht::ms~hold'~ ~'r.::: dis~ 

:.: dbut.ed. H'oúsehólid's were•vcategpr±zed'·,and'. fo·recaste~l .. earl:iier in. tt.e p·op-

un.d. t :ts the ph~siica·lL s.t roe tu re· wh:fch-::·a~ nouseholid'. oc e~. p:iies" an& i t wiJ.: ll'e· 
~ ~ "i ' ' 

d.ii:scussed fn\ the d'escr:i:ption• of · t.'le· mod'e1l.. , . 

Prev:i:ousJiy,,. a. housiing, mod'e:ll.,. the· Oklahoma• Hous:i::ng·.·(l)},, was: d·e~~·l:oP,ed~ 

bYt thc Bureau• of l-7ater: •andl :mw.fré:mmentalL•.Resources :Resear.ch\ at .thp, ~p.:Lver-· 

s:i:ty of Okl!ahoma. Howev:er·,, that: modle·lL was:,d'esignedi. to· as:s]!s:t· i'[!-., .. tht! oi.::er-

al: s ..:ate housfng .p•lann·fng, ·rathe·r: .than~_'to; o e·, usedl ·±n .an• U'lr.ban. are a s.tudJ,. 
' 

. u ... 
~ ...... _ p·:esent hou.sing modei· dev.elop~d' ¡fn. thfs; r.esearch'. was¡ b?se<J.'· on. the· 

Y.>rk S'tate· housing·Jmod'e·]' ~7)>;, the: choice o:f .tqe· ty.pe· of mod-el.w~s\ 

m¿.de . .1fter' an• extensive.· stud~ o~f the.;exiis.t:ing. housfng· mode-J!s .•.. The. choice· 

oí th~ mod·c·l 'type·· w:i!lil be. dfscussed•. f:ii.rst· in,: the. f.ol:lowi!ng, and·. tjlen the: 

gt::ner .11 . descrip:ti!or: of ·the' mod'cl:. ; 1. 

1 "Z. 1. l BackBround~ on the Choiice· o.( ~~od'e] 'f)rpc· 

Thc d·evc·lopmcnt of the: houGing· Si.lo-mod'c:l! \-'as: p~cccd'cd' by· an; cxtend'c<l 

' . . 
~ tudy of the cxist:i!ng housfng: and1 hou!;.íng, rn~·rkc t. modlc'l!s •. As. a. rc~atl:t· of 

th;lt study, a categod.zati·on of d'i:.(fcrent ty,.pcs .of houslng, mod'c·l!~: \~~1s 

done. 'rhc categoriza·tion wa~. bascd· on thc· ttmc characte·ris.tics con:-;idcrcd',. 



che size of the geographical area encompassed, and the jind and the a~ount o 
of data used in the modelA. 

Yne ~ime characteristics in a model include the length of time us~¿ 

to age th2 variables in the model. It was found that, in their forecas t-

~ns process, most models age in five year increments. This was done bccause 

"five-ye.:1rs' 1 is half of the time span between two consecutive censuses con-

ciucted ~ationally. The San Francisco model (3), however, makes six runs 

with tir:c intervals of two years each. This was thought to be a somewhat 

unrealistic time intcrval as majar housing selection or migration of the 

ave~age household probably does not take place in such a short period /.two 

years). Ln 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 able 

to .Líe the periods used in the over-all urban system model. o 
Next, the characteristic of the size of the geographical area cncom-

passed by a model was studicd. Models are generally of two basic cate-

gorics - regional (or statc) and sub-regional. Regional models, such as 

thc Iic''' York State housing model (7), encompass a large area and, thcre-

fu::, pccdict housing trends on a broader base. Thc data rcquired for 

c,,ü, L)'¡Jl! of model are usually quite easily accessible in tbc form of 

c2nsus ci,1ta. Sub-regional modcls, such as the Dclaware (5), or thc San 

-
I'r.J.ncisco modc1(3), tend to require data with a higher complexity for a 

&maller area. Hencc, it was decidcd to use a regional typc modcl in this 

study simply bccausc of Lhc large urban arca considcred in the devclop-

r.,cnt of the modcl and the availability of data, 

Thc kind and the arr,oant of data used :l.n a modcl werc thcn stuclL~d. 

'l'hc vnrlation of the amount and thc kind of data used in a r!lodcl ran,;es o 



o 

·O 

o 

:ro::-. ,¡ouschold and housing data, es~;entially census data, used by the 

~\L!w York State model (7), to the monumental arnount of data used in the 

s~. Fra~cisco, rnodel (3). 
., .. ' 
>f 

\ j • . .. ,-~ 

The New Yo~k State rnodel categorizes households according to incorne 
.. :.· ~ ... ~ ,I~ ..... ..: '·~ . · .... ; -- 1:.. i,. t ~. - ._,-

,:¡:~d age, and divides housing into eighteen types based on value, tenure, 

,:¡~d structure. Although data on hoosing could be broken clown further to 
' . 

' ~ • :. -~' ) -.<.. • .:.~ "' • ' ~ ~ .. • 

cncorr.pass more types (the San Francisco rnodel uses 288) based on addi-
• ·, ~l. '} ; ~ ~ • • ~ ~' t • ..: 'l ).. ¡ • • ' .: "" ~~ !,.t !" 1. 

tional variables such as labor force, employment, city conditions, trans-
. ' 

portation availability, etc. The model would become extremely complex 
~ ~ •. ·~ .. '}..., ~ • \ ~':. \ J ,. • ; ,_. ·~ 

and data would be too cosÚy and too difficult to be obtained. 
. ~' .. i;!tfl'Y~ ... ", ~-

Finally, with its flexible structure, the basic format Ol. the Net.¡ 
.. (_ ~·~~~ ... --··.:~~·'!. · .... ~1.·--1-•-r' 

York State llousing model was adapted in this study. The New York model 

encompasses a workable number of parameters which are sufficiently flex-
• • , : ' ' .. / ,!., ~ 

t' ~ • :_,' 

i~:~ t~ be chongcd~ ~s nccessory, yet it is not ot such an infinite~tirn~tly 
. 

detailed level as to make the model too cumbersome for use. 
1 •• 

17.1.2 General Description of the·Housing. Sub-rnodel 

The two main components' J~.;the housing sub-:-model áre the ·housin~ · 

unit and the household. The model is basically a cohort-survival modcl 

::..n •,¡hif<¡ housing units go through ::m ·aBipg proce.s~>~w~ile household~ ~re 

al::: o .. gí..d but outside the sub-mo~~L,., Actually, household: data are der-

-iv·.!d fr9m the, outputs of th~~~ p_op.ulation model ·in'.which · all· population 

co:.iponcn ts are aged as w.ell a:s, th~ rela~ed yariablcs, sbch as households. 

Thc model beBins by taking inventaries of thc currcntly agcd housing 
1 

'~'' "~ • -- ~ -- ~ - : !,'_!~ •. .:_~ ......,_;}_~'..:.~.:! ~:- -~ r.,.... ' • 

t.ni ts and households J and then' th(t niimbcr~ and thc types of new housing 
. r ' ..:r:. - , ':':' ~' . J'. .. 

nccded to be addcd to thc study area are detcrmined. This is done by 

J 
' -~ 



o 
_,._.r ing the vacant housing wl th the number and the ty¡>e of the housc-

: __ .::s · .. <1ich are dissatisfied with their current housinc and those which 

.. \L r .. :;~,ly inmigrated to the area. (Sce Figure 17.1-1) 

'1\cxt, new housing is "built" in the sub-model based partially on 

. .:...,torical trends and partially on c_urrent demands. Three options are 

.1v,J.ilable for this new housing "building" process: (i) let the model. 

.1u~om.1.tically "build" the required housing according to a pre-prograr:-.. < .. ed 

:.::-1tio indicating the distribution of new housing "built" based on the 

r.i.s torical trends and current demand, (ii) participate in the decisivn 

~a~ir.s by changing the pre-programmed ratio, and (iii) execute the entire 

"builúing" process outside the model by adding a certain amount of new 

... ousi:-,¿, uni ts to the market. o 
¡;cwly "built" housing plus aged housing are considered as the hous-

-. '-' ci:..::racte:ristic fo:r the ared durlng a p:uticular tirn.2 sp~n. This 

c·:¡¿-¡racceristic will then be used as the initial inventory in the nexc 

cyclc in which housing units will go through another aging process and 

ncVT ho·.1sing needed lvill be determined and "built". 

~?. 2 ~-rscription of the Hodel 

=~eh individual component of the housing sub-modcl is described in 

.ais se~tion. To show how these components operate in the overall sub-

,:odcl, .:::. flow chart of the model is shown in Figure 17.2-1. 

1? .2.1 !Iousinc Tnvcntory--Typcs of Ilousing 

Tl.c sub-model begins ·by reading in an ]nventory which includes o 
~ousin~, and household population. The housing invcntory is catcgorizcd 



Figure 17.1-1. 1'he Housing Model 
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F.~~re i7.2-l Operation of the Housing Moucl 

Inventory (obtained from time (t-1)) 
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Household 

Aging Process 

l 
1 Current .Household 

j Housing 
Preference 

~f2tri x 

l 
Housingj l t----1 

Aging Process 

l 
Current Housing 

Stock 

1 

Housing 
Transition 
Matrix 

1 Initial AssiP.nment of Housing 1 (:(--
-!, 

Probabili ::.y of 
Dissatisf3ction 

Dissatisfied 
Household Matrix 

~/ 
'Dissatisfied 

Households 

Post-a8ing and 
Post-dissatisfaction 

Assignment 

Households without 
...-) Housing due to ar,ing 

and Dissatisfaction 

Housing vacant 
due .to aging 

and Dissatisfaction 

J"' 
Total 

Active 
Dcmand 

Assignment of ~ctivc Dcmand 

.l. 
to 

~ 
Total 

Active 
Su]_)p_ly 

-~ 
Active Supply 

¡-----· 
~ ~; C\·J =._ / (-1 "Bui. ~L 11 

l l!ot.; ~t~ 

Complction of Assir,nmcnt o[ llouseholds to Housjnp, for Time (t) 

o 

o 

o 
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Q, 

by ~he value, thc tenure, and the structure of the housing unit. lic;¡us~n~ 

/ 
V.:11lucs ore divfded._ into high ,. medium, and low groups • The S.tructure of. 

;1c¡;~+•·s· is based on whether it is a single f~mily unit, multiple f~-n~ly 

~-;üt:, 9r mob:!:.le _home. Owner-occup:i!.e~: an_d ren~~-r-occupied· are the ~~~ 

-
s.¡·b-cater;o·ries us·ed to define the tenure· of housing. 

Using these sub-divisions, a total of eighteen types·. ·of hous:i;~g ~.te 
, .. 

-:.crived as shmm in Table 17 .2.1-1. The· deveJ!opment of: these. sub.-divi-
1 ,, '.'' 

~- ' • •• ~ ... l 1, 

sions \'-'35 based on the avaílability of census data., Hence., tnere shou·la, 
• : :.. ~ " i ' • ~ - -jo 

' • "' ~ : '- ¡ ' - • ' 

not be any diffiiculty in obtaining the housing. :i:nv:entor.y·,. although so:n\!. 
1 '-¡ ' .,.J 1' - • ~ ~ 

comput..1-~ions 3:re n~cded· to convert raw cen~us. data in·to usable data~. 'Íhe· 

¡:>Opu:at:ion and the household inven·t~~~"- ~eed'ed for this sub-mot.el. are • 
-

' ;. .. • ~ 1 " 

obta~n·:;~ ind±rectly from the populat±o~ rnod'elL desc.r.:ibed earlíer. . \ 

17 • 2 • 2 Hous.ing· Adint:~' Process--Housi:n~:-Transitfor: ~tatrfx. 

After obtaining '·the· ínitia1 h.ous:i!ng inventory ,. the· hous-ing·, ag.in::.;. 

process takes p~ace •. _ This. is. accompl~shed: by multiply:i'ng. the. fnitial . 
r < -;,j '• 

housi.;·,g units by a housing transi-tion -matrix. The hous~ng transitipa. 

m<~t rix gives ., the' probab-ilíty of!·moving .. a; nousing· un·ft. from1 one· of t~e~ ~ ; 

e~ t:htcc:n types ·of housing';~to anothcr" ~ype.,wíthin. a• certa:lin t:iime· sp~n:,, 

e·.g., bctt-lcen tiíne: (t-1) and 'time·. (t),.-

A sample housing transition·. matrix is sl'lown· :i:n .E~gure· 17'.2' .• 2--l! •. 
1 

~ ' 

'ihe fi rst column·. of· the matrix: designa tes·, _the· origina-1 .e:i:'ghteen· ty.~~s .. 

o··f housing which w:ill move to :orie· of. thc· housing: typ~s- .ind1:catedl by thc 
' ) . ' ~ 

Elrst ro~.¡ of the matrix. As .. not~d fn -the.·ffrst ro~·T· of _t:he· matr:tx, bes:i:d'es-

' 
thc o-riginally defined eighteen types of hous-ing., thcre: 3:s an: ad'9~~fona·l 

( .. ~; ,_l ·: : t 

catcr0ry: demolished housing. 
' ~ 1 1 • " ~ • : :· ~' ... ' ~ • • _: ' 

'l'hus, thc nousing, trans:tti?~\ 1II}atr~J:'· ,'lr_O-· 

. ~ . ' 
,. 

'1 
'lf ; .. , .... 

' ' .\_ ,' 

. ) 
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Tab1e 17.1-1 

HOUSING TYPES 

:_ '~s:.~;: tvpe Value* Tenure Structure 

1 1ow owner-occupied single-family 

2 1ow owner-occupied multi-family 

3 1ow renter-occupied sing1e-family 

4 low renter-occupied multi-fami1y 

5 medium owner-occupied single-family 

6 medium owner-occupied multi-fami1y 

7 medium renter-occupied single-fami1y 

8 medium r~n_t_e_r-o_ccup_ied mu1ti~family 

9 high owner-occupied sing1e-far.üj_y 

10 high mvner-occupied mu1ti-family 

11 high renter-occupied sing1e-family 

12 high renter-occupied multi-fami1y 

13 1ow owner-occupied mobile 

14 1ow rentcr-occupied mobi1e 

15 medium 
~t 

owner-occupied mobi1e 

16 medium renter-occupied . mobi1e 

17 high owner-occupied mobile 

18 high renter-occupicd mobi1e 

*For o~~er-occupied units, va1ue categorics are defined according to the 
v~luc of thc hous~ng. 

J ( w 

: .. ed Lum -
lcss than $15,000.00 
$15,000.00 - $24,900.00 
$25,000.00 or more 

• v~ .·e ;¡::cr-occupicJ unite, valuc c.:ltC¡jorics are bascJ on rc~1t and dc;':i .-.._J 
~-" ío~lows: 

.,· . Lum -
" ' \ 

lcss than $100.00/month 
$1ÓO. 00 - $J 50. 00/n:onlh 
$1 .SO. 00/raonth or more 

o 

o 

o 
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Figure 17.2.2-1 

HOUSING T~~SITIO~ MATRIX 

To housing type: 
Fr~~ housing type: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Demolished 

1 .SS .00 .os .00 .06 .00 .00 .00 .00 .00 .oo .oo .00 .00 .oo .oo .oo .00 .04 
2 .00 .88 .00 .os .00 .os .00 .00 .00 .00 .00 .00 .oo .00 .oo .00 .oo .oo .02 
3 .02 .00 .87 .00 .00 .00 .04 .oo .00 .00 .oo .00 .00 .oo .oo .00 .oo .oo .07 
4 .00 .02 .00 .90 .00 .00 .00 .03 .00 .00 .00 .00 .oo .00 .oo .00 .oo .00 .os 
5 .01 .00 .00 .00 .88 .00 .os .00 .04 .00 .oo .00 .oo .00 .00 .00 .o o .00 .02 
6 .00 .01 .o o .00 .00 .90 .00 .os .00 .03 .00 .00 .00 .00 .oo .00 .00 .~o .01 
7 .00 .00 .01 .00 .02 .00 .91 .00 .00 .00 .02 .00 .oo .00 .oo .00 .oo .00 .04 
8 .00 .00 .oo .01 .00 .02 .00 .93 .00 .00 .oo .01 .00 .00 .00 .00 .00 .00 .03 
9 .00 .00 .00 .00 .02 .00 .00 .00 .92 .00 .os .00 .oo .oo .oo .00 .00 .00 .01 

10 .00 .00 ·.oo .00 .00 .02 .00 .00 .00 . 92 .oo .05 .oo .00 .oo .00 .oo .00 .01 
11 .00 .00 .00 .oo .00 .00 .02 .00 .02 .00 .94 .00 .00 .00 .oo .00 .00 .00 .02 
12 .o o .00 .00 .00 .00 .00 .00 .02 .00 .02 .oo .95 .00 .00 .oo .00 .00 .00 .01 
13 .00 .00 .00 .00 .00 .00 .00 .00 .o o .00 .00 .00 .73 .os .02 .00 .oo .00 .20 
14 .00 .00 .00 .00 .00 .00 .00 .oo .00 .00 .00 .00 .02 .76 .00 .02 .oo .00 .20 
15 .00 .00 .00 .00 .00 .00 .00 . 00 .. 00 .00 .oo .00 .10 .00· .69 .os .01 .00 .15 
16 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .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 .oo .oo .00 .12 .02 .76 .10 



-. ..... :..:.s :Zo r thc elimination of sorne oj: thc units. The output of the hous-

in~ aging process is the housing stock which existed in the previous 
o 

:.:.;:-..od and after sorne of them have changed from one type to another are 

~~so considered as part of the current housing units. 

L 7.2 .3 Househo1d -- Popu1ation-Household Tr<1nsition Hatrix 

Househo1d inventory is obtained indirect1y from outputs of the po?-

~lation mode1 described ear1ier. It is categorized by the age of house-

ho1d head and househo1d income. As shown in Table 17.2.3-l,three types 

oi househo1d income are considered: 1ow (annua1 income less than $5,000), 

Qedium (annual income between $5,000 and $12,000), and high (annual i~co~e 

,-;reater than $12,000). There are ten categories of the age of household 

\------head:-t hose-younger-than-2-§-yeat's-old-(-1-group-)-,-tho se-be t\.,reen-25-and-65 

in five-year increments (8 groups), and those o1der than 65 (1 group). o 
A& a resu1t of this categorization, thirty types of houscholds are derived. 

\ 

In the population mode1, each population component goes through an 

aging process in a part.icularly defined time span. The aged populatio~. 

componeuts are thcn used to determine the number of each type of household 

Ly usin¡j a population - household transition mntrix. This matrix ind::...-

Cdtes thc pcrccntage of each population component bcing used to define 

:::1e nu:ubcr of houscholds in each period. In other words, the householJ 

~~~ures in each period are derived frorn the population components aft~r 

~,:e popL.lation componcnts have gane through an aging process. 

17.2 .4 ,\.si ;-;ument o[ llousi ng--IIousin~ PrcferC'ncc Hatri.x 

.\[ l r Lhe aglng processes of housinr, and houschold have bccn don.::, 

~ . .~ assi¿;nr.~cnt of the previous1y existing houscho1ds to previously exist- o 



o 

o 

o 

·¡:c..Jseho1d type 

1 
2 
3 
4 
5 
6 
7 
8, , 
9 

1Ó_ -': 
11 
12 
13 
ll• 
15 
16 
J7-
18 
19 
20 
21 
22 
.23 
24 
25. 
26 
27 
28 
29 
30 

.Tab1e 17 .2.3-1' 

HOUSEIIOLD TYPES 

- Age of ,· 
househo1d head 

less than 25 
25-29, '- -
30-34 
35-39 
40-44 

' ·45-49 
50-54 

' .. 55-59 
60-64 

·65 or over: >. 
less than 25 

25-29 
30-34 
35~39 

··40--•4-
4'5:.4·9-
50-54 -
55-59 
·60-64 ,,, 

65 or over 
.less .than· 25 ·-

25-29 
30-34" ··, 
35-39 

. ' 40-44 ... 
45-'•9 
50-54 -
55-59 
60-64 

65 or over 

·' 

*Househo1d. income.~·categories :are defined 

Household' 
income* 

1qw 
low.: · 
1ow 
1~ 

... 
1ow·"--
1ow 

'-. 

low- · 
· tow' · 

1ow 
low -

medium 
medium 
médium 
m(;dium 

. medium 
mecllum 

' medium 
medium 
medium 
medium 
'high 
high 
high 
high 

'high 
high. 

•' higJl ~ 

high 
high ¡,' f 

high" 
:. 

as follows: 

low -· onnual~income of:less. than $5,000.00. 
medium - annual income of $5,000.00 - $12,000.00 

'• 

.. · 

high annual_ income of· $12 7 000.00 or more - · · -·-· 

r • 

•...! "- •• ,,J 



.;.¡;¡:, housing is made. Households art! assigned to housing according to th~ o 

.:c...:sing preference matrix. As shown in Figure 17.2-.4-1 the housing pre-

~::cnc~·natrix indicates the preferences of the thirty different types of 

::.:.:! }tcuscholds for each one of the eighteen types of housing. 

In general, the higher income households are assigned to their pre-

~~~red housing befare assignments of the lower income households are made. 

~s a result of the dissolution in the aging process of· both households 

and housing units, sorne previously existing households are without hous-

ing and sorne housing units are vacant. 

17.2.5 The Dissatisfied Household Process -- Dissatisfied Household M2trix 

After the initial housing assignrnent, the dissatisfied household 

process is considered. As indicated in the housing preference matrix, 

each type of household has relative preferences among the eighteen avail- o 
able types of housing. The probability of a household's dissatisfaction 

with present housing depends on its relative preferences for that hous-

ing. Thus, a v~ry small percentage of households will be dissatisfied if 

their present housing is their first choice, while for those Hhose cur-

rcntly assigned housing is their last choice, the percentage of dissat-

isfied households lvill be large. An example of the dissatisfaction ~rob-

abilities of dissatisfaction to the inital housing assignment, the dis-

satisfied household· matrix can be obtained (see Figure 17.2.5-1). 

example of the dissatisfied household matrix is shm-m in Figure 17.2.5-2. 

Each entry in the dissatisfied household matrix indicatcs the ~1um!Jcr 

of houscholds of a particular type w!1ich are assigncd to housin~ units o( 

a particular type and are dissatisficd with that assignmcnt. By summing o 
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thc rows of this matrix, the numbcr of each type of household beiag with- o 
out housing due to dissatisfaction is determined. In a similar manner, 

by su~1ing columns rather than rows, thc number of housing units of each 

type v.1cated due to dissatisfaction is determined. 

ALter obtaining the dissatisfied households, the post-aging process 

a~d ?OSt-dissatisfaction assignment of previously existing households to 

prcviously existing housing is then computed. To get this assignment, 

cach entry of the dissatisfied household matrix is subtracted from the 

cowparable 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 Ne~.¡ Housing 

The new housing needed to be "built" is based partially on histori-

e -, 
u.-'- trcnds and partially on current dcmands. Three options are avail~ble o 

u::c.~t ~--:~::..ng ¿zcisivns un the ar.LOunt of the new housing needed to be "bui.:..t": 

(i) let the morlel automatically "built" the required housing according to 

a prc-determined ratio indicating the distribution of ne·w housing "built" 

baseJ on the historical trends and those based on the current demand, (ii) 

p.:-.ctici)ate in the new housing "building" decisions in this particular 

cycle by changing the pre-determined ratio mentioned in (i), or (iii) exe-. 
cutC! the entire new housing "building" process outside the model by adding 

il ccrtai~ amount of housing to the currcnt market . 

. ~7.2.7 fne Complete Assignmcnt of Houscholds to Ilousing 

'L'o complete the assign.ment of houscholds to housing, the total active 

, c..; • .-:-: .• d and the total active supply in cach cycle are ncedcd. Thc tot2-l 

. ~ ;:::.•;e dcmand includcs: (i) houscholds without housin¡:; due to aging (of o 
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l:ousciwlds or 'housing), (ii) households without housing duc. to diss~tis- ~ 

faction, and (iii) :newl; Ín-~igrated households which ~re obtained from 

the population model. Those in.cluded ·in the total- active' ~up;iy <are'· the 

following: 
• 1 • • • ; ) • 

(i) housing vacan~ ~ue to aging (o~ househol~s or h<;>Using), " 
- ,-' ' '..- ," :( .,_ ... • :_>" ' ""' ' ' "--J ·~ 

(ii) housing vacant due to dissatisfaction, and (iii) newly "built" hous-

'_l ""- • 

After the total active demand and supply have been determined, the 
' ~) ' _, ~ ~ " 

total active demand. is assigned to the total: active supply by utilizing 

housing preferences as a guideline. Results:from:this .assignrnent' is ·then 

summed with the results frorn ~the e~rlier post-aging process and,post-' 
" . ' 

' - ,. . :t \-- • -::: •• 

dissatisfaction assignment of,the previously existing households. This 
' ' . 

produces the compléte assig~ep.t of households. ,to hou's:i,ng, for. the;_. s_tudy :' . ' 
•,' 

area for the particular time being consid~red. 

Figure 17 .2. 7-1, sho~vs the' final·. assfg~ent matrix which' ::i.n'dicates 

the nuwber of households being assigned to various types·of hóusing. 
'• . ._ ~ ' -

r ' 
: 

;. •.! 

T~,·o additional figures 4re also included in the output's of ~the housing 

sub-model. The first, Figure 17.2 •. 7~2\ndic.ate~ the. ri~.~b~r .a?d. 'th~--typ~~- . < 

of-additional new housing needs. to be "built" if all ·households ~hich 
<...,~ "' ·~ .- ) ,_ r ' ' ' ' < ~ '.~"' t. - .,. ,• :, - ' ' • -

have not been · assigned first choice housing are assig~ed to ''their fir'st, 

except that i~ includes both' first- and· second thoiées., -i ~e.,· :Ü a house-

' 
hold is not assigned to a first choice housfng, it will be assig'n~d to 

f • • • .r ' • •• 

a sccond chóice housing, and thcn the demand over the' sup,ply' is desigo.. 

nated as the•nc.~.¡ housing neéded to-be "b'uilt'',· (See Figure 17 .• 2-7-3) -. 

... , t, ' - .-..,., '.1 • 1 ' 

11 i,'t-) 

'' ' 

.o 



}'f "!''l' ~7.2.5-3 
( '\ ·-
\_j 

, .. ~-r"' ~c.sr \GJ~G - ~=' e ~ r :J r ..... ~ ~ T : ~ r- ... e r : e N 

ti~\..5:':HCLO; TC t•C\..S!:>.t: 

4 :: t 7 9 1( l 1 

1 "'" 11 Jl:lo o. e. "· o. 
o. 
o. 
o. 
e;. 

u. 
o. ,, . 

o. 
c. 
(,. 

c. • 
e. 
c.. 
c. 
o • 
o. 
('. 

o. 

c. 
e;. 
c. 
o. 
.o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
c .. 
O o 

o. 
o. 
o. 
o. 

.. 

1 

d 

~ 

lv 

1 1 
¡¿ 

""~~--- .. ~ • ___ 25 1,.,. 
a'4• e,. o. 

!l\..o. c. o. 
"· ·). 

e:. 
1146o Jo Co ---- ·----

17Jcle 

o. 
c. 

,) . 
'). 

1 o':>J ·---~ _. ___ ') • .... o. ' ' .., . 
o • 
o. .,. 

11.615. 
o. l)o ').14471. 

o. ~. o. -- ---- ----
c.: • 
.:>. 

c. 
c. 

!:)7 1 • 

o. 

.'!~J. 

o. 
('. 

1 "- ____ ~ ~ ---~--- ~ • __ __ e • 
1~ ~- "· 0. 1). 
10 Vo (o Jo ~. 

~y_ ___ .;; ~----e-_. ___ ~ _. ___ o • 
lb Vo Co .Jo Oo 
• ~ Ú~ Co Vo Oo 

:<. ---º !---~~---v-~ ___ 0 ~ 
e,. 
:; o 

~" u • 
!~ o. 

o. 
:')o 

O o 

o. 

o. 
) . 
o. 
J. 

c. 
c. 

o. 
. ~ ___ (}. ----~.!---~ ·--- o • 
/7 ~G Oo Oo Co 
!~ c. c. o. o. 
• 9 ____ _o~--~ !' ___ _y_ ~---0!-
;~ (.i., o. o. o. 

c. o. o. 
~. o. ('. 
(\. ('. c. 
Oo C'o Oo ---- ·----
0. o • e_. 
c. 
c. 
o. 

c. 
c. 
c. 

c. 
o. 
o. 
o. 

c. 
o. 
u. 
(, . 
o. 
(l. 

<'• 

, ·O e 

o. 
o. 
o. 
(l. 

(l. c.. o .. 
~~4. 

l3ri9o 

J~Je. 

42~4. 

33 '):'>. 
t. ~r 1. 
.!FJ"'(1. 

34 34. 

2t:'io 9t!Jo 'Jo 

C' • 33 1 S • 
o. ('. 
o o o. 

86~. o. 

·------ - ---o. 
o • 
c.. 
o. 

o. 
c.. 
V o 

o. 
c. 
r: • 
Co 
c.. 

r.o C.o Vo 

C'. o. V• 

6:: 7o 

------ ----
"· 147C•o 

(.,. 

e· • 

l'. 
e,. 
c. 
c.. 
o. 
e. 
c.. 
V o 61<;. 

1 ñ 1). C' •_...J.-:- 14. ___ 3_i!_31 • ____ o_! ____ o. 
(\. 

o. 
o. ~. o. c. 
(l. c. o. 

e. ___ C'_ • _____ e • _____ o • __ r;~t.. 
c. o. D. o. lCI->J7~ 

o. o. c. c. 6..St.. 

e • 
(,. 

('. 

u. 
443. c .. 

l• • _____ e: • _____ o • o ~_!-~o::. 3 !_ ___ e. o. 
c. c. c. o. 1343. c. c. 
c. c. c. o. leBlo c. o. 
e,. ___ <' . • ____ r ·----~ ~ _9 ·- o o _ _;3~2· 

c.. c .. c. o. r.. v~ Co 

J --------- ----- --------------·-----.------. 

12 
e. 
o. 
o. 
1). 

o. 
c. 
o. 
"· 
('. 

t.:' o 

c. 
o. 
('. 

o. 
r:. 
c. 
c. 
c. 
O o 

c. 
275o 

o. 
o. 
(' .. 
c. 
o • 
(·. 

o. 
12~·"'· 
2737. 

13 
c. 
'!'o 
C'o 
c. 
c. 
c. 
c. 
r,. 
c. 
(' .. 
o. 
c. 
c. 
c. 
c. 
"· o. 
C'o 
c. 
C:o 

c. 
c.. 
c. 
(' . 
('. 

c. 
r. 
c.. 
c. 
(1. 

14 
o. 
o~ 

e. 
o. 
G • 
c. 
c. 
~. 

r. 
c. 
e • 
e • 
o. 
e • 
c. 
t: • 
c. 
e • 
c. 
c-. 
'=• 
o. 
('. 

e • 
e .. 
o •. 
e. 
e • 
t: • 
c .. 

15 
r.. 
o. 
e • 
r. 
o. 
e. 
c. 
f'o 

e • 
('. 

e • 
3~tl. 

40. 

e • 
c. 
o. 
r • 
c. 
r .. 
r:. 
t:o 
e .. 
t:. 
C'o 
(' .. 
o. 
t:. 
c. 
C'o 
o. 

ló 
o. 
c. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
c. 
e. 

So. 
Co 
c. 
c.. 
o. 
o. 
o. 
o. 
"· c.. 
"· ('1 •• 

o. 
c. 
o. 
c. 
o. 
o. 
o. 

17 
c. 
o. 
o. 
o. 
O o 

o. 
o. 
o .. 
o. 
~. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o • 
o. 
O o 

O o 

"· o. 
o. 
o. 

·'-
lll 

c. 
C•e 
c. 
o. 
e • 
o. 
C'. 
o. 
{'. 

c. 
e • 
c. 
o. 
c. -----------c. 
Co 

o. 
c. 
o. 
c. ______ _ 
o. 
c. 
c. 
O o 

c. 
o. o. 
o. c. 
o. e. 
o. ___ c~--------
o. e o 

- ------ -----· 

-- --- -------

- --------------· --------------------- ------------------------------

------------· ------- ---- ------ ·- ~· -~- ---·- .. 



::ousclwlds or housin¡j), (ii) households without housing duc to dissatis- o 
f~ction, and (iii) newly in-migratcd households which ~~e obtained from 

t:tc population model. Those includcd in the total active supply are the 

:ollowing: (i) housing vacant dueto aging (of households or housing), 

(ii) housing vacant due t::> dissatisfaction, and (iii) newly "built" hous-

ing. 

After the total active demand and supply have been determined, the 

total active demand is assigned to the total active supply by utilizing 

housing preferences as a guideline. Results from this assignment is then 

suiTlilled with the results from the earlier post-aging process and post-

dissatisfaction assignment of the previously existing househo~ds. This 

produces the complete assignment of households to housing for the study 

arca for the particular time being considered. 

figure 17.2.7-1, shm.,rs the final assignment matrix which indicates o 
the nuwber of households being assigned to various types of housing. 

T\.:O additional figures are also included in the outputs of the housing 

sub-model. The first, Figure17.2.7-2 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 assigned to thcir first, 

except that it includes both first and second choices, i.e., if a house-

hold is not assigned to a first cholce housi_ng, it tYill be assigned to 

a sccond choice housing, and thcn the demand over the supply is desig-

natcd as the net.,r housing needed to be 11built'', (Se e Figure 17.2-7-3) 
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Figure 17. 2. 7-2 
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,...) e, J·-~.1ouel!Assumption <.l·" •:: 
;\r~· 1, 

TI,,j rnodei.:descr:i.bed is based, on many assumptions, It is impossible 

o 
_..;· c.;,j~i-=.itly ~elineate every assumption built into a mod~l; hov:ever, it 

1 

. is~poss~~le to,point 'out 
j ¡ ' 
t J 

¿~~ s~~-divided into'two 

these assumptions. The~e asse~mptions 
í • 

~ ' ' 
' ' ; j 
,(a) those assumpti?ns wh~ch can be changed 

sorne of 

types: 

~ 1 1 

vil+Y by ~aking¡changes in the basic structure· of the model, and (b) those 
l i 1 

asLu~?ti?ns which can be c~anged without making ch~nges in the basic struc-

ture of the módel. 

1 

1 i.~ 3. 1 Tvpe on~ Assurnptions 

Hith resp~ct to the first type of assumptions, the m6del r,ssumes that 

t:he incorae and: age of the household head are the only household- charac teris-

tics of significance. There are, of course, a number of other household 

characteristics which could have been included in thc model. Thesc include ~\ 

ra~e, number of ~~rsons, age of children (if any)~, an~.qccupat1on,and educa-. ' .__ ·"..~ 

tibn of the household head. These additional chaiacteristics.-were. excluded 

,, '. .. • ' ' • ' ' ' 1 ~ '' • -' 1 ' 
in' onlcr to make: tne rnodel less complex than i t woul_d: be i'f'' thcy wcre in-

' ~ ._ , 1, ~ l• , • ~ , '.! 1 -'' , .. -\ e , 

clude:u. 'Generally ;: :i,t was assumed ·_that the· sacrific'e in val~d~ty- resulting 
1 • ~· '1 ' ) ... ~ ' t - ."'... j • ' ' ' • [' ~ 't.. ... ' 

; ; r2' ~~.. , . .' :~ ; , . • - , ~ - ~ : -- , . 
fr~m thi.s omis~io~ '~\;;ci~fét _be more th?n.:·a:<Je_quat~-ly' 'compens~t_ed f"or o'y;.the · 

g~in in simpli~i ty > Specif.ically, the followi.ng are th.é reasons- for the 

omlssion. of each characterfstic: 

(1)' The rac_e 'v~·i-iáble in spit~ :of. rec'ent federar,: st'.a{e a'!'ld, -locaJ. 
. ~ ' ' 

legislation, racJ:áÜy.' segregated .'resiucntlal ar'eas persf~t.-' Thu·s -,. race· is 
' ' t '~ : 1 

éln j mi)Ortant factor· in ~the ,.assf~nfue'~t· of demand· to supply:· in' th~- local 
' - . / 

'houslng r.w.rket. :How~ver,:.~ ~he- s,ub-~odel does ;not const'd~/ the~atl~c~tfon 
- • -....~ '' ~ ... ' l 

of ci thC'r households or h~us.i:ng, uni,ts:: to geographic: sub:...divi'sions within o 



;;¡,e m..lt"kt:t. .. Since. racial segrcgation' occurs oniy. at the sub-markét- arca 

' 
lcwü,. it secms. possible: that 'thci rnodel can fairly safP.ly ornit rae e ils a 

•. ..>i.:.:>~h9ld e ha rae tcris tic~ This· as sumes- that, holding -income and agc of 

· .-.o~s~:<old head cqnstant ~ housing preferences- and available housing (in 

~Cl~S of_value, tenure.and structure)·do not' Vary With·race. This ass~mp-

::ic,, is not complet.ely vali.~ ,. but ·since · the 'location of ·housing ¡is omittcd 
-, .-· 

:ro~.l the model, perhaps·it·has-a faitly'high degree of validity:' 

· (2) The nurnber of- persons· in 'a·· household depends mostly 'on · the num-

bcr __ of children in.the .household, and there ex'ists· it seerns ·intuitively, 

at least s~me correlation between the ·age of the household head and thc 

m~.mber of children. Likewisé, the age of· the children (if any) seems to 

be som~t~hat -correlated with' the age of 'the- household head. Thus, both 

.Q variables relating to .the_ .number. of persons and. the ages of the children 

hr-,re bcen o~itt_ec ~ince they. are/ at least partié'\lly tt!presenL~tld 'by the 

ase of ~he, household head-. -, l/ ' ' ' ' - ( • ~ • (l.!.._ 1' ... , ' ; - .:. ' ~ 

(3) Occup~ation and education· ·of ·the household head inay affcct thc 

household·' s, _selec tion of housing. Neverthcless, 'these ·addi tíónal house-

1:old chara~t~risti~s.have}béén excluded from the sub-model as probably 

lcss relevant .. than· thc included characteristics·. ~ The émimited clíara~ter

i::.tics are thus not irrelcvant, but. ónly· less relev~1nt than age of tpc 

l~ jU sehold head and in come. 

It is assurned 'that the cfíect of the omission of thcse ·pres_um?~~~ 
• ' .. ~ J < 

rclcvant household characteristics on thc modcl's validity is rathcr . . .. " 
• ~ :. ~ ~ r 

. .. \: .1 J.. 1'itat is, it .is assumcd that, had thc modcl includ~d thcsc adJi-
~, ,) ... ' ~: ~· j " ~ ~ 

,r • : •; ' '' 
- ~v.1al household characteristics, it would not havc bcen much ruor~ ~aJ..ü! 

· ¡l 1 (,L ;~"'; .. :1r ·'~: . .: .. ;::_ ;r' v~;~i~..~~h""·!J. _:.f¡ 
,,~'"~ •. :~ •. _:·..:~ ,,¡"t'"¡.'"'\qt~l ., 

~~~~H1 Ít llOt..r is • • 



Ignoring the quality, the size and the age of thc housing m~i t: í::.. 

~:s0 a first type assumption. The age of the housing unit seems t) be, 

oy itself, except in special cases, an unimportant factor in cons!dcring 

:1ousin¿; demand. - Quality and size, in combination, are reflected to scrae 

extent in the value of the housing. These requirements are a mattcr cf 

degree, ~nd within limits, they can be satisfied by a range of housing 

acco~cdations if suitable price adjustments are made. 

Age, quality and size of housing have been omitted not because they 

are ir~elevant, but because they are assumed to be less relevant than the 

inclucied characteristics. It was assumed that the loss in validity 

rcsultinr, from these omissions would be offset by a gain in simplicity. 

The model omits market fluctuations around the equilibrium point. 

Tims, t.1e model is essentially an equilibrium model, which as sumes that 

supply varíes directly with demand. The assumption is obviously not 

com?lete:y tr~e, as market imperfections may cause supply to be either 

r,rc~ter than or less than demand at any particular point in cime. 

lnterest rates have been ignored in the model. \~1ile the credit 

:L c..;rt.ünly an important factor in looking at the housing market over 

a JCriod of several months, it is reasonable to assume that credit 

~~comes relatively less important when the market is examined only once 

c. ·¡e ry 5 years. 

~7.3.2 Type 1\..ro Assumption 

The assumptions described below are those that have been built 

into thc modcl's data cards, thus, thcy can be fairly easily changed. 

Thc housjnp, prefcrence rnatrix holds an important set of thcse o 



""---~--·-"---·-... ·•-l..-.. - __ _......__- ~----~-------·---- __ .._. ___ _ 

assumptions. '':]he ;·pt:e.ferences incll:uded in 'thi·s .mat.rix are not the ·des:i:rcs 

and aspir.atlons of :househoids., ·such ·as -those that imigh t ,be ·exp·ress·ed in 

r.csponse ·tó .an intervliewe'r '·s· .ques·tions': '"i:-n \Wha't ".ty,pe -o'f -~housing wouU:d 

' 
y:ou ~os·t li;tke ,t·o_·li:ve·?"' ··iRather, <the ,matrix"'·at-térnp;ts- ito .~answer a sli:ghtly 

different ·ques:ti:on:: · "given ·t·he 'charac'teri:sti:cs !(:i:ncome ;and age of ·head) 

of you-r· hous:enol:'d., if "}r.ou. tCóu].d· chbose. arnbng <the. i'~ ·housing types., in · 

w.hich ·wou1d you •be .mos.t H.ke!l,y to live?" ';_In ·short, -the .. housing prefe·r-

ence matrlx i~s 1concerned ·wl.th effectl:ve ·d'emand. 

Foll:owlrng ·a-ie 't:lie; ·maj~or ·assu111ptions· i~pi:l:ci.t in .the :housing .prefer

é'nce ma·tri.~ '(ári'd. th~y-/aré··:also. s'uinmarlzed ·,fn ·rable- 17 .• 3 .• -.2-1. 

·(l} The''fuost 'ob'v:i:ous' coiistr~int" i:s· ihous~hold: income.~ Regard'les·s 

Q of age, ~the .first ·six 1housi:ng •chofces <'for~.:1ów-income 'nous·eholds are low

v:alue 'housing ··uni-ts' .and -t:-he las.t' csfx dio ices -·a-re)hi:gh-v:alue :uni·ts. 

o 

(.Dcfir.iti:ons ofo:ho'using ty.pes and ·househol,d ·ty.pes are presanted in Tables 

17.2.1-1 & ·17;2·.:3-1). Si'm!i.larly; -the·,firs.t '.Six ih'ousing choices for -high-
,, 

incorne ·househoids, r.egatdless of .age, .. are:· :high-value :uni,t:s.,, and •the Htst 

six choi:ces are fl:ow-value ·-unj;,ts.. The' fir~.t six housi:ng ·choices for med-

.;Jum-income •househoil.ds, -r.eg.~rdless'~c)J ::age;~ are ·medli:'\:lm-value ohousin'g •UOÍtS o 

~1 

(2) Within th!i.s basic·fncor?e const~aint; .thc.z:e:is .a·:gcneral .pre-

f.~rcncc for ren•ter-occupied units among those ''households ·with the head 

aged lcss than 30 or over 60. 'Those .households wi,th t:he -head aged less 

t::!1an 30 have a stronger p·ref.er:ence f·or rcnter-occu,pied· •Units ·than do 

thosc households with the -:head aged 60 or -ovcr. For .househoids \Wi-th thc 

head aged betwcen 30 and 60, ·there is -a ,general .pref~rcncc for ·Qwne·r-

occupicd units. Those households with the hcad agcd between 30 and 45 
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Q L.we .1 stronger preference for owner-occupied units than do houschcld:. 

with thc head aged bct-ween 45 and 60. 

(3) Therc is a general prcfcrc nce of multi-family units, a.mong 

those houscholds with the head aged less than 25 or over 60. For house-

holds t-!ith the head aged between 25 and 60 there is a general preference 

for sinzle-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 pr~bability 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., ~.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 y~ars, so the basic loss rate 

o would be about half the 8.1% or approximately 4%. (Upon the advice of 

those ~orking in the INCOG area this was lowered to 2%.) It is possible 

to ass1.1me that this rate does not depend on _the housing type. This is .;.n 

unlikely assumption, however, so it was assumed that the rate varíes w1th 

the housing type. 

In varying the basic housing demolition rate, the following assump-

tions wcre made and they are su~narized in Table 17.3.2-2. 

(1) Holding tenure and structure constanl, the lower the value of 

the housing unit, the hig~er will be its loss rate. It seems rcasonable 

to assumc that both the accidental dcmolition ratc (e.g. -- due to firc) 

ano thc nonacd.dental demolition rate (duc to dclibcratc dcmoli tion ror 

url>an rcncwal, highway ~o~·~)tru:ctio?.• nc.~ rcsidential and non-rcsidcr.t:ial 

o construction) would be highcr, the lmver t.he valuc c;>_f thc housing unit·.-;. 
' ' 

' ' ' 



TABLE 17.3.2-2 

::(iL"SI~G mliT GENERAL ASSUHPTIONS -

};Qt;SI~G TRA.J.'ISITION HATRIX: 

Tenure & Structure Constant: 

Lower value implies higher loss 

2. Value & Tenure Constant: 

Single-family implies higher loss 

3. Value & Tenure Constant: 

Hobile homes implies highest loss 

4. Value & Structure Constant: 

Renter-occupied implies higher loss 

ADDITIO~AL ASSU}~TIONS 

l. Structure does not change 

2. Characteristic change - only one per 5-year period 

examplc - value but not tenure 

3. Value & Structure Constant (multi & single-family) 

Owner-occupied implies greater probability of increase in value 

4. Value & Tenure Constant-Probability of increasing value: 

single-family .GT. (greater than) multi-family .GT. mobile homcs 

5. Grc~ter probability of:value increase 

low value .GT. medium value 

o. Value is basis for probnbility of decrcase in value 

hleh value .GT. mcdium value (non-mobllc homc) 

7. Assumption 6 holds for rnobile but with much higher probability 

o 

o 

o 
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(2) Holding value and tcnure constant, _single-faQily units will 

have a higher loss rate than multi-famlly units. It is assumed th.3.t the 

accidental demolition rate would probably be similar for single-farnily 

and multi-family units. But the nonaccidental demoliton rate would be 

higher for single-family units, as the cost of acquisition and demolition 

~ould be lcss than for multi-family units. 
•' 

(3) Holding value and tenure constant, mobile homes will have a 

higher demolition rate than either single-family or multi-family unlts. 

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 con~tant, renter-occupied units 

will have a higher loss rate than owner-occupied units. The accidental o 
de~olition rate would be similar for renter-occupied and owner-occupied 

uni ts, it is ass'.liiled. But, m.'l1er-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, therc are other 

changes which a housing unit can make. Theor~tically, in fact, a unit 

;nay move from its housing type to any one of the other 17 types. In 

ordcr to eliminate sorne of the less likely possibilities from considera-

::::e;:, ;::.2 follmving assumptions were ma.de: 

(1) Va housing unit changes structure. Tha.t is: once a single-

f.::mily unit, always a single-family unit. And, similarly: once a multi-

¡_¿;;;nly ~.;nit, al\/ays a multi-family unit. This is obviously an incorrcc t 

assurnpL ion. Ho~vever, it is reportcd that in reccnt ycars chnnces in o 
j 

dw~lling units due to net conversions to dwellings and mcrgcrs of existing 



L:~vc ab~ut offset each othcr. Thus, the assumption, although invalid, 

will d.i.~;tort the numbcr of single-family and multi-family units very 

~ittle ... 

(2) A housing unit will change only one characteristic in a single 

5-year period. For 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 10-year period. 

(3) Holding value and structure constant, for single-family and 

multi-family housing, owner-occupied units will have a greater probability 

of increasing in value than renter-occupied units. The assurnption here 

is that improve~ents which will increase the value of a housing unit are 

e=> ~ore likely to be made for owner-occuped units than for renter-occupied 

units. 

(4) Holding value and tenure constant, single-family units have a 

grcater probability of increasing in value than multi-family units, which 

havc a greatcr probability of incrcasing in valuc 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-

v~lue unit cannot increase in value, or at least such an incrcase can-

~ot be recognized within thc model. 

(6) For non-rnobilc housing, thc probability of a housing unit 
1 

~~ccc~s~ng in value, depends on nelthcr structure nor tcnure, but only 

0-.:1 v:üue. Thc probability that a high-value unit l.Jill dccrcase in valua 

0 is ¿;reatar than thc probability that a mcdium value unit will dccreasc 

in valuc. A l.ow-valuc unit cannot dccrcas(! in valuc, or at least such 



a decrc~se cannot be recognized within the model. 

(7) The same assumption (6) holds for mobile housing as well. 

}1obile housing has a much higher probability of decreasing in value than 

does non-mobile bousing. 

(S) The probability that an owner-occupied unit will become a ren

ter-occupied unit is constant, 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 m..rner-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-

Finally the probability of dissatisfaction is based on the following 

assumptions: 

(1) The preference of the household for its present housing as 

shm..rn in the housing prcference matrix is used to determine the proba

bility of dissatisfaction wl~1 prcscnt housing. This probability docs 

not va:-y with the household type. There is no information availablc to 

cete;_·nine whether or not this is a reasonable assumption. But it is 

p:::-ohably as reásonable as mo.ny other possibilities, besides'being a con-

ver.icnc assumption. 

(2) Thc less prefcrable its prescnt housing, thc greater will be 

the probability that thc household will be dissatisfied. This is a 

rathcr simple and straight-forward assumption, as long as the housing 

o· 

o 

o 



Q prcf~o:cncc rnatrix is acccpted as reasonable. 

o 

o 

(3) Even if its present'housing is its first choice, there i~ still 

a sí:1<:.11' ·prob:•bfllty'"'i:hat' the'' h"o~"Sehvld t:TH.l' be 'dÜ;satisfied. 

• •• • • r (4)·· Even if · its presen't h'ousing 'is its last choice, there is still 

a snall ~¡,robabilüy-. that"' the'·h~us~hold. tTill 'ndt'· be"d·i~satis'.Éied;· In the 

¡:o,odel, dissh.t:f's'faction'-is ¡{ prerequi~Úe'· for ·tite ·<seardi"for··lloiisihg. I't 

seel:J.s: reasonable~ to e~ect''• tba1t:· sorne"'' hou§eli'ólds' even :.ff''p~~'S'entiy 'r.esid~ 

ing in'"liousing--óf tl1Edr'"'first éhC>ice, ·will·conduc't· this searcli:···,Slpl~lariy, 

soma househoids, · éven'·· if presently residing in housing of their -last choice. 

\vill no't éondus t this·i search ~ 

'[ 

'~ , ' 

- í' ·~ ;) ' .) i t' ' 

1 ' ~' 

"•l' ¡. ' ,..,.__, 

• 

'1 



' >~. ~;. t, . 
SUB-~!ODElt VALIDATION o 

-. f ~' "' 

Th~ major P.urp.os~ J?.f ,~he ~~node1 is to p_r~~ict th.e .. housing that will 

exist in a housing market~at one or more points in,.time in.the future. There-
... ,~ >,.. '- t '.:--·;., _ ~ ,.. \ _ , Ltl- r •' ~- 1\ -' ._.. - • "4 " , ' ~ -' ' f _ ; r -• • • 

fo're ,. ¡.a r~aso~~b.le~ __ ques_t}.on. for.,a pu_blic· p~l}<;:Y·imaker:¡ ,tq,. a~k,' pri.or to. using 
- - - ' ' 

the mode1, is: .. how. va lid. is the modet? . The-,validity; o f •. tJ.:le. mode;l can never 
~ \ , ---- /\ • .... , ~r"' •' ~ -·~ ~ ' ~ , 

be es.tablished without· doubt. Even if we cou1d, .determine that 'the model was 
• '-·' ' t .. ': .. ' - ' - ' ' .. ~ ,, '-~' 4 ' ' ' 

perfcctly ·va1id for.a .particular housing market, or. for:al1 markets, over one . ... ::,·- ~ .. -- ~ ~•í. ' -" ~ ..,._.,. _.,. •' 

ten. yea.r period, ,.thi-~" d~es. not ~ecessar.ily mean ,that the model w·ill .be valid 
';. ' • ~ ' - ... - '- --- - • ' 0 • ' • - • ,. - - ' " ¡ • 

over the following ten year period or the follmving,p~ri9~s. A~d-!~ faqt, over 

'a past period, the model predictions cannot be compared with real. world 

occurences, but on1y with an independent estímate of rea1ity. 

In spite of these severe constraints, sorne va1idity tests have taken 

pLace. These have been basica11y geared to establishing the mathcmatica1 o 
functioning of the model. The housing stock input was loaded by first giving 

100 units of al1 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 househo1ds 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 

aJing. In every case the mode1 bore out the anticipated and hand calcu1ated 

1.·asults. 

A second type of check took the form of running the mode1 with actual 

data and checking closenes~ of new housing built with that of a similar 

arca's housing built over that period of time. This check proved to be 

within reasonable bounds. o 
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I.t i·s cdbser.ved· that as· the' user ·beco~'Ts. familier wiith the w~rk~11gs of 
• ~- l 

· ~ ,. :;pb-,nodél, 'his ,planning 'bi'as wiH ·certáinly be able ·to 1be •teste~ ~i:th.in thc 

,, ':..'t' 
~ ., . ' 

~\;: .che ·same- tlme cont~nulng .valfdaÚron :sh.oulél :cer:tai:~l"y lbe é'arri.~d out. 
. , , ' .. '. ', ., r , ~ , S.~ . r ... ,. • • •• , , ~ , •• ~.. , 

• ~ 'r ;--..l ... ' ¡ ~- ~ •• 1 ~ _..-

thi3;t_.:Úine cÍiscrepancies. are found, · ·the modé'l 1has 'b~en:' ·s'ó ·.designed 
"":, · ., -... , ~· ·r .. tJ 

L 1' d t 
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.:;,:; · .:.q be ··easi1y·:adjusted by the user.. As -was indicated ·earl_ier ·i:t -~as 1par•. 
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CHAPTER 18 

'("',; 

'. 
. '' '' ! . 

18.1 Thtr.odtfc tion r • ' , 
'"'· 

Tnc) generat· purpose:'oFthe~ drainage_ ~~b.:ñu)d'el' -':Cs',:,ci-e~;elope ·a:·methor. 

;,·h:iich ·,'éan 'ce': u sed to; p rovide iñdiéá tod :·cÓnc'ern:f:'ng ~S e6rm~'runoff' d·rüinage. ,__, ~ 

in <In urü.:m, eñvi:rottmeñt-.- t-'Mor:e·'sp~cffi'ca·lly, i.t ·.fs:·;áiméd ·at:'dbta:Úiin'g 

polih:tion.:JI l:oad indicators. 

Thel·'present ·stüdy ts·:b'ased' 'ori· sevérat·previ:'óus· st~di:é~. ;.:· recJnt. 

sturl¡ by die· A:VCO 'Economics. Sys:tem:·cor:Porati:cm- (t)''rerating to p.olfútlon · 

activiÜ.:!S'·and'urbari·~:tand use',,ras''aimed· at:d'e'vel'~p'fn'g techtÜcfue~ ·fc;;r•;" 

estimatfnz ty,pes::and' ·coricentrati:ons ·o··f'·con'taminarits~'·foúnd t'n' rún.:.·o.ff .fFóm 
', ,· .. 

sto•nn \V'ater. Thesé'"t'echñüfues':·'requfte ")'á):·b¿-sic 'kriow-l?cd's·~·
1

'of ran:cfl u'$·é, ~ 

street area, sanitary' cor:di:ti.'ons:, :-"im~érvidu's':cóvcr and .~tli'e 'a~e~á'gé"'B'molint 

of raiúfal'li for each· seasori :fór · thé;~area undér s'túd'y.. AÜhough 'fahd :u.sé· 

allocation· is -néíther''sú~fficierif'n!l'r séns~iÜve; eticugh to. explaln thc •.' 

vnr:iabi:H'ty of storm 'I;Jater con'taniinári't concentraÜons ,; the tcc.hn:iq~c~ 

.. 
The rnathematica·l: ~nodels ·which res~ulted· ·from: this- ·projec't are of Ünéttr 

forrn. E~ch eqtí·atlon ·cotita"fns f~om:·on~-· tó' fivc 'indc~p-ehdent -'v,,ri:·abtc·sJ ~-hich· 

rcq~ti re carcfur pr'ójcc t1on and· ·ésti.inn't:Lon:~ _' The· ''t·esÜlt~ a:re re.: H.,!; re: ·~nd~ 
rl:CJsonablc. 

.. 



the ma.thema.tical modcls along with land use tabulation would permit a 

ti~ely and feasible development of o~tput equations for all urban ar~a.s. 

Another study (2), subsequent to the one just described, carried on 

~y the University of Oklahoma, developed mcthods for predicting dispersed 

pollutional storm t.,rater loads to receiving streams from land use activity 

cohorts. Three alternate methods were used. The origi_nal methodology 

was developed with unrestricted cohorts. 

The study yielded the average expected pollutional load per season. 

~is is done by estimating the amount of seasonal storm water run-off by 

rational methods and multiplying these volumes by the average feasonal' 

pollutant concentrations (using the appropriate conversion factors). 

?roduct gives each pollutional parameter in pounds per season. 

The 

The area oi the 8ppropri.ate dnünage basin is multiplied by the 

average parameter value taken frorn an appropriate table which summarizes 

ti1c results. The results yeild pounds of contaminant per sea~on. A 

st.;nmary of important resul ts related to the present research is presented 

in Table 18.1-1. If the average seasonal precipitation amount over the 

arca differs significantly from the average values in Table 18.1-1, the 

,proce~ure has been to adjust the computed loadings by an estimatcd 

per~e~tage increase or decrease. 1ne desired average loadings are 

.::>btained by dividing the evcnts/scason, or adding the pounds per scaGoP 

to obcain the average pounds per year. 

TI1c study cmploycd linear rcgrcssion cquations, with corrcct in)ut 

i•tcC¡)Cnc.C'nt variables, to obtain avera~c seasonal conccntrations or 

:c::c~:>. This proccdure rcquircs c;.;:tcnsivc informntion of land use llnd 

o 

o 

o 



o 

o 

.:; . ..: :.. .. m.i t:~ry conditions of the .1rca, and it is uniquely applic.1ble to 

t&r'o<.~a .lrE.lS similar to Tulsa, Okl~homa. 

)._ • ~-: r> -~ !' ., '. ' : r ...... , ·~ ¡ ', -. '• • L 

:1-.e !~test. s,tudy ~n. t;he pollution sequence (3) has beém' an effort 
' / ., 

1 
- •• ' • • '! .-- - 1 ', ¡ "1' 

to ;:.;~ate urban storm water póllution to the activity of' the l<1nd~ 

e.-.vi·~;n~l~~t~i· ;iá6to~s,- ~~d -.precipit~ti~~:- on-'six' ~andi.d~te cities in-' the 
' '' ' '- - > • ~' -~ • • ' \ 1 ! 1. • • -, ' • :-:~ 

• .,_... • • - •"' • • ~ • A 

ünited" St~t~~ ''similár- in, t~rrain- and activity to' Tulsa·,, ó~t~iloíña. One 

~..;_,-¡·.;...__,. ~'\ _-- :-· t.'. • - • - 1 .... • ... " ., • ~., '--- ·---- -.. ... (> • 

o:. the ma.].o"r con_cerns w,as. tó envision ineasu"res to control polluti ow' 
• • • L_, _.., , • • - •,

1 
\ - r ( ¡ 1 t ; "• - ' •• • l _..~;, 

ra the~- ~h~~ ~o~struc tion of facilitie~ to treat' o'r:d_ispose~' of- :ft-~ -Al so, 
'- ~ ~-,- \ • r • ' (,. '- ' J '. ~·' • ' ,-~~ 

, _ )' , . _. , . ( . -r' 1 • _ ,. __ _ 

it dealt l-litn appraisat of i:he' sourc"és of'pollution 'from the various land 

' 
ti on of land use and urban · plan~.i~g: · 

>r• ••~~~'.;'_i~,,ifr,'<,}•:.,: \ ', .. ,_ • .- • '1• ¡~'"\-J- ' ~-·-·,_..'?' ~-'.¿ ~·:'!; ':....¡-1 

Rcgression analysis, ~a~ al~o use~ to det~rmine urbarr pollutional 
"" 1• • / I ~ - •. 0j ' _,_ • ~ ¡. ~- ~~~ .' 

conccntrations in._that ,study. Thc_ ,a;erage annuat- loads for storm water 
• • _1 'l _ ~ • t , 'oJ "~ .1:- ( ; 

0 • • '\. •· 

pollui.:iou.we.n: obtain .• .út iJymu_ltiplying ti~.~ average p,ollut.Íhi. concentrat:Lilt\s 
~· ' - 1 ~ - ~ • ¡ • • \ f -1"' : ' ' • -..-· \ -- ' ~ --. - - - -- ' - • ; 1 

by 
"• 

' -
thc apP,ro~im~te { annual .r:"!-infap in. pound.~ per acre per 

~ ~~- ··- ,. i.' = :1\} ~' ~·, 1 ,-,_~ .... ::-.• ¡!', _-_-,_ ' 
year •. 
e ,::::·. 

The study pointed out that: " 
; \' ' • • • 1 ,..1 ~· "' h • _ .. ! r ~ ·~ ~ ~ '_ ~ .. -~ ; ~._ 

(i) -the grea~est amount of pollutant from the test arcas 
resulted "from (a)'_ wa';h "out ~'of mat'e"riat's 'wllich'l.~.;ere~-'dcpoSitcd' 

.on- the arc~s and (b)' ·the erosion o_f drain'agc 'charmels 
éauséd by great árltounts ·of''run:.off, · ,._ ···¡ ')' ' J' '·-

• • ' > ' ' r ·, • - i ' - j ~ ' r , • ' ,-
(Ü.) the sénson"with the mos!= run.:.off has themost'pollut¿¡?~.s. 

(iii)functional relationships 'can be cstablish'éd- bcci1een-" storm· 
watei'pollutio~ parametcrs and v<lriablcs gro~pcd in ei~h~r 
thc prccipltntion or lnnd t~zc clnssif:ication to obtain a 
first ordcr cstimntc of thc avc_ragc pollutant conccntr-:.:
tions at othcr gcogrnphic~l locations. ""'fhcsk. 'i:ccli~iq'¡~és 
providc. _a proccdurc for lookin~ at· thc i.mpnct oí urb.::m 
st·o·rm l./,úér···poll:ittibn<ll lo<lds on the ~rccci'ving'·strcil~n~ 
a11~ al'~o plf!nning for.control, 

' • • ' 1 •1 - ' ' . '· 1") .;'~~-:. 1 ,.\~ 11 .1 

(iv) lnnd surfacc charactcristics l-lith thc stro'ngcst rclation
·sl1il)~' w¡ú'~· stb~~/~a't.'¿'¡:' p;oÚut~'fii: coU:cc'nt~at'i'Óiú1 ar~~:(~)~·~ {" ¡. 

. '•'' '•' ' ' f ' ¡ j ''"' l ~J \ ; " 1 -~ : ¡, ' ' 

., 
': ~} 1 j r' ~: j ) "'\ l 1 , /) • \ 

,• 



cnvironmcntal eonditions (b) gcomorphie charaetcristles 
~1ieh affcet drainagc and (e) dcgrec of dcvclopmcnt or 
urbanization, 

(v) the environmental index (sec Table 10.2. 2-1) whieh re fleets 
the general s<mi tacy eondi tions of the si tes, is a good 
predietion variable for baeterial pollution parameters, 

(vi) BOD eoneentrations deercase with inercasing flow during 
the rising limb of the run-off hydrograph. TI1e amounts 
of BOD eontaincd in the flow inercased wito run-off rates 
beeause the time rate of flow inereased at a gr~ater 
rate than thc BOD eoneentration deereased, 

(vii)there is an inerease in pollution produeed per unit area 
of eommereial and industrial use if the daily number of
people who visit the arca is high', and 

(viii)in the residential seetion, the amount of pollution produeed 
per unit area inereases wit~ the population density. 

The researeh efforts eulminating in the reports eited above had the 

eo>.~~on goal of investigating the urban area drainage problem. The practical 

pt::::posc has bcen to enable the engineer and eity plannt!r to assess the 

nccd for urban drainage systems in the near future, and to do so by 

looking at the appropriate environmental faetors and the eorrelation 

bc:::vcen these faetors. In these studies, land use elassifieations, 

along v7ith land eondition and preeipitation, have been used as input 

funetions to generate pollutional loads. 

~-'. 2 Nodcl Dese ripticn 

Tnc dr.-'in:Jgc sub-modcl developcd for this study was based on the 

~-;Jo ve mcn tioncd s tudies, Rcgressior1 ()na lysis is u sed as thc mai n Lcc~m.i que 

::.JJ.: ¡H(!ui.cLing urban storm run-off clninagc pollutional lo.::tds. llm:~vcr, 

~~ ceder to relate this sub-modcl to othcr sub-models dcvclopcd in ti1is 

... ~l.r;y, only thc eohorts oí population, l::md use, ~nd thc pt·ceipitation 

o 

o 

o 



o \·: ~ •~ uscd as inputs for prcdiction of pollutional loads. Although, 

in ¡:;cncr.:tl, due to the c!.acrcase in the number of indepcndcnt variab·.es 

'-l:.;ed, th.:! restricted cohort inputs tend to dccrease the accuracy of the 

~~ti~.:ttcs by the repgression equations, yet in many case9, reasonablc 

cstimates and qualified magnitudes of pollutional loads were obtained. 

Generally, urban storm water pollution loads are determined by 

~wo factors, storm water run-off volumes and parameter conccntrations. 

T.1esc o~o factors are influenced by the precipitation rcgimen of the 

locality, the natural physical characteristics of the land, and the 

land use pattern and intensity. The dispersed pollution flow chart 

shmvn 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 influ• 

ence the particular pollutant loads to the same degree for each precipi

Ü tation t:vent. Sin..! e uoth run-off quanti ty and quaii ty a re necessary 

() 

for estimating the storm water pollution load, methods used in this model 

to predict storm run-off volumes and quality \·lill be described. 

:j.2.1 Prcdiction of the Quantitv of StotiTI lolatcr Run-off 

Tne most widely used method for estimating the storm water run-off 

·:,,~:..me is the well-knolm "Rational Hethod". In th'is method, the rainfall-

1. n.-of[ relationship can be stated by an equation in the follolV"ing form: 

Q = CIA 

Q = Thc ratc of run-off in cubic fcet pcr second 

I =Average jntcnsity o[ prccipitation for a duration. C(junl 
to thc time of floto/ from the most remate portian of the 
drainage area to thc point of dcsign 



A = Thc arca in acres tributary to the point of clesign 

e = A complcx variable having concealed within it numcrous 
interdcpendcnt variables, such as thc character of land 
use, the slope of the ground surface etc. 

~\,·o modified methods derivcd from the Rational Hethod are developed 

ce ~stim~te the volume of individual precipitation events and the averaee 

¡;-.on.:.1ly or annual run-off volumes respectively. The detailed description 

of these methods are stated in reference (3). 
( 

'Hethod 1 

The first method which is to determine the volume of run-off of 

, i..1d..:.viJual events can be illustrat ~d by the follmving equation: 

Volume = (0. 5) x·· (Naximum Rate of Flow) x (Duration of Run-off) 

The maximum rate of flow can be determined by using the Rational 

~:cthod: 

Q = erA 

Q = Flow in acre-inches per hour 

e = Tha ratio of peak run-off to average rainfall 

I = Average flo\·7 intensity in inchcs per hour for a duration 
equal to the time of conccntration of the basin 

A = Arca in acres 

The equation states that the rate of run-off equals the rate of 

su,;;Jly (rainfall excess) if thc rain lasts long enoueh to permit the 

.~nL.ire arca to contribute. This method presumes that thc maximum flow 

.--:.:: c::curs whcn thc cntire basin is contributing t::> the flow at Lhe 

G~tlct. In ordcr to determine the average flow intcnsity (I), thc 

cime of conccntration (t ) must first be obtaincd. Evcn though thc 
e 

o 

o 

o 



o 

o 

o 

r_.inf.:lll rarely occurs at a unifonn ra.te, the average. intcnsity dur.t~g 
r • ' - ~ 1 , .1 ~ , J. ;""~ , 

t is assumed to be constant. It is assumed that, if uniform rain~E~P,
e 

- >' 
continuc~ aftcr this time of concentration, then runoff rcmains at sontc 

fixcd perc~ntagc, C, of.the rainfall rate. 
~ .. ;.,;. .;"· 1 -~ ~;_· :.~: t(1_;~-

s~-o~P;:~. ~t. ~i~e te'· the. ru.n-o~; ra~c .wouid" sp~n begin 
1 .},~ ... ·2~J:"',~},~ L }!.~'J[:·~,:: '; •\~ ,.,.--,¡-.. ,. "_. · Ít -•} 

I f the rainfall 
j ' ~--

to decreasc, but the peak discharge would· still be .the same. ·.¡,.H!"ümé 
1 •• ~·~~~. :~15~' '.-: ~ ... -'' ~~ . . ·j l 

flm~ relation is-described·by the. following run-off .hydrogr~ph: 
"~ • " : j •-; ) ~ ! '¡ 1 ~ •-' .-)L :J.. • ,' o ""1 •'' ; :'- ; • 1 ; ; ~ ...... ~.:.: ~ - ' ' L "' 'f • : 

. .,.·· l 

_, 

l r 

'.· 1-

-,~.' ""' 1 .~!- . 1 "i;:~l1'!t--].:' ... "~'1-·, (::_'~~rr ...... ~~, --..j~• "'~¡\~ i'"i'" ·~ •' · 

:..}-,e len,gth (L) and slope "(S)-·of the'lóngesf p'ath ·tí:.-avélea··oy -a ;(lrop>·of -' 
"" , • : ·-·t , "";. j') ,. P ti ~ :- ;<- ¡_~, r"'- . -.... ·, ' r J , ~ -~ ~ r ~ ' 

t•HltCr fnlling' in' the Watet"SlÚ:!d~- Thé foht~'ia:'':fs;:''i' ';t;J., -, , ,:";·,·,·;--~'o l 

J 1 

_¡ '·' , .t ,-, ~q d ~:~~78 ·~0:_-770-:·.· ~JF r - -

e 

K= I. (lcnr,th in f<>.ct) !" •.·~·.,:.:, 
S (slopc in fct!·l r'oot)'- --

,-;r~t l ~ J:.~.::'"~· 1':.\ L.; .. l ,j ~~. 

t = Time of conccn-t·ral:ion in minutes 
e 

(, j 1 ~ ' 



Thc intcnsity, I, can thcn be dctennincd from mass curves of rair.-

IJll obt~ined from an automatic recording rain gauge o~ from intensity-

.. urution rainfall curves compiled for the locality. For sorne extended 

..::vents, the average intensity-for the period of maximum rainfall can be 

t.sec for the storm, instead of detennining different values of I for cach 

oi ch.:! intense showers within the storm. 

The ratio of run-off to rainfall (the run-off coefficient) varíes 

'~~dcly between storms in a given drainage area (S). This ratio is affected 

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: 

i=n 

i=l 
C. A. 
~ ~ 

1~e related C. and A. are aggregated and divided by A to obtain the 
~ ~ t 

representative value of e for the watershed. 

Thc rational formula has also becn expressed as Q = 0.9 IA , whcre 
S 

A is Lhc strect arca in thc urban watershed. It is interesting to note 
S 

~ .. at t:1e two formulas give almost idcntical results for drainagc shcds wilh 

a high percentage of impervious cover, but give values varying by a fnc tor 

oi threc to four in outlying rcgions with a low percentage of imperviousncss. 

Melhod 2 

;·:ns mcthod is used to estímate the average monthly, scason.:1l or 

. , .... :.1. run-of[ volume. lmpcrvious are.:1s wi thin Lhe sub jcc t \/.:1 tcrsheu 

.:1::-(: first delincntcd by referencc to local maps and other nv¡¡ilnblc r..::corJs. 

o 

o 

o 



· ... ~ cota l .Jrca of impe rvious surface la then rnul tiplicd by 3n appropriatc 

o .Jn-off cocfficient and by local precipitation data (from the U. s. Weather 

.. ,·.:..:n;' & rccords) to dct(lrmine the run-off from the impervious portian 

.:;: che \vatershcd. Run-off data for a primarily undevclopcd watershed 

in the vicinity (from uses records) at·e then used to estímate run-off 

ve lumcs trom the pervious areas of the drainage shed in ques tion. The 

cotal amount of run-off is given by the sum of run-off volumes from thc 

i~?crvious and pervious arcas. 

A somewhat simplified calculation can be made if the composite 

run-off coefficicnt (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 precipi tation {in inches) to determine the •Jolumc 

of flow (in acre-inches): 

o Volume oi Flow = (C) x (Area of tvatershed) x (Amount of Preci.?itacion~ 

18.2.2 ~'rediction of the Quality of Storm Water Run-off 

Regrcssion equations for predicting the quality of storm water run-off 

\·:ere es..:ablished by correlating the mcasurements of surface characteristics 

or urban watersheds with associated measures of storm water pollutants 

:~r various tent arcas in Tulsa, Oklahoma. The four pollutant items 

odng sutdicd are total coliform, COD, total solids, and soluble ortho-

p!1osp1lu c:cs. Thc v~ riables u tilizcd nnd thei r symbols nnd u ni ts are listcd 

~" Tnbl~ 18.2.2-1. The rceression cquations dcvcloped for predicting the 

~\~ragc conccntrations of d1c íour diffcr~nt pollutants are stntcd as 

o 



TABLE 18.2.2-1 

SYNBOLS AND UNITS FOR P1\R.\:t-lETERS UTILIZED 
I~ REGRESSION NODELS 

Sy:nbol 

Depcndcnt Variables 

Ys 
y9 

Indepc~dcnt Variables 

:<, 
l. 

X. 1 
J.-

X ~3 
'. 
: . . 4 

".s 
x~6 
: .. ·_¡ 

/18 

:< L 9 

Item 

Total coliforma 

CODb 
b 

Soluble orthophosphate 

Total solidsb 

Total coliform 

COD 

Total solids 

Area of watershed 

Units 

thousands/lOOml 

mg/1 

mg/1 

mg/1 

thousands/ 100 ml 

mg/1 

mg/1 

acres 

Length of main stream ft 

Length to center of area ft 

Fa11 of clrainage area ft 

Form Factor* dimcnsionless 

Population number 

Environmental Indcx (EI)** dimensionless 
1 

Arterial streets acres/acre 

Arterial streets Iniles/acre 

Othcr strccts acres/acre 

Othcr strccts miles/acre 

Residcntial dcnsity peoplc/ r~s. acre 

RcsiJcntial dcnsity pcoplc/~crc 

·, Lcnglh o[ main covercd stonn miles 
scwcr 

Coverccl scwcr/total lcngth rn ti o 

o 

o 

o 



o 

o 

:{21 

x22 

x2L.. 

x2s 

x29 

TABLE· 18 .• 2.2-1 Continued,·-

Item 
: ~ ''1.' '~· " 

Arterial_ st_ree~s 

Other strects 

Conunercial land 

Un'used space 
\ 

L , 

Unit~ 

% 

% 

% 

% 

% 

beomctric mean by events. 

'> .'.r.:. tr .. ne tic m,ean· by événts •. · 
' •;t' l. ' 

-.~ _¿_~.E:_.: IC tor (D~.- _An il)-<;l~fatbr e r the' drainage chatacteristics of a 
"·a t~ L saed defined by the 'following·· equation: · 

• 1 

whera, A ·- Area oí \oJatershed ir. acres 
L = ~erigth to center oi ~rea,i9 ~eet (sce definition of 

e this-'term· below) '. ·, · · ". t .• ::'~"· 
1he form~factor itself· is~ dimensio11less.r r -"! ~- ~,'~ '~ 

-:.:* En vi ro~me; ~a l .. Tnd~i (X]_ i f. EI) ': An) ~n'd'ica t~r~~ of. thc.J ge~~ra; e!lvirc. ,,,ent.::&l 
condicion. of, an urban watcr5hed. The' Eiwironmental• Index of a w.:.L..,rshed . ~ 
Cd l cu'la t-ed by -the ·f~lltili~g' prdcc'dur'e :.1 . · " ;; · , · 

' ' 
It is, fir_s,t .~f 1 ~,1.1"', assumed that the· environm~nta~ GU.:tlity 
of an urban HaterslÚ!d is a ~funct'ior1 ofrth·ree·factors· tf.c 
h;u~i-ng ·'C~lldftion~·::the v'á'carit 1'~¿ có'n"diti'cin, and .the ,f;Ot_c.l 
number,_,(?f .. ep~{¡¡-on~~~tal r;.~b'ficienc':i:d' :·(réfuse, old. autos,· ?L"i !.~S 1 

and-!':o.on). · --··- ·-···· · ._,<.'-'}:. · ·¡ · .... • " ~ - ' ) • ;.,¡ ~ \', 
~ ::•_..... __::. •• : 1 :; ~ .... 1 ••• { ~ ' -r. • ) 

', ~ ' e - ', " • ,~::, 1 '\ , ., •• ..., '- ~ -~ ~o· !-' < ~ , 

I t is fu rthcrmore_ assumed_~th.:t t ,_in:~ a e finins;,_:anc_eoql!~_ti_Ql).__ 
to rcprcscnt thc environmcntal condi'tion·. of_ a \-Ja.tershe9, 
thc munbe·r of dcficiencies should be \-leigh Led more 
hcavily th~~ ·t¡J-c .. hous:Í.Ítg" c·ouili tions ~--and· thc -housing 
concli tions shoul.d be wei~;hád more hcavlly tlum the 
vacant lot. conditions. S_tated in equation. íorm_: 

2A + n + 3C 
EI = 6 



where, A= 

B = 

e = 

TABLE 18.2.2-1 Continued 

Tot:~l H•..,usinP: Structurc9 
(A = Housing Index) 

G + 2F + Jp 

Note: G = numbcr of good houses 
F == numbcr 01. fa ir houses 
p = number of poor houses 

Total V:~cant Lots 
G + 2F + 3P 

Note: 

Total 

Note: 

G = number of good vacant lots 
F = number of fa ir vacant lots 
p = number of poor vacant lots 

Structurcs - Total Deficicncies 
Total Struc tu res 

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 enviran
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 Socioeconomic Stratifica
tion" published by the Public Health Service. 

Factors A and B in the above equatíon may vary from a 
mínimum of 0.33 toa maxim•_t:n of 1.00; factor C rr.ay vary from 
a neg¿tive number to 1.00. TI1e Envi~0nmencal InJe~ itself, 
'.Jhen the necessary substitutions are made, may vary from 
a negative number of a maximum of 1.00. En EI of 1.00 
denotes an arca with all good houses, all good vacant lots, 
and no parcel deficiencies. 

It should be noted that thc EI calculated in this manner 
docs not take into considcration a number of other factors 
~1ich, if used, would result in a more refined indicator 
of thc general environmental conditions of an arca. 
Such items include: air pollution sources, population 
density, point sources of water pollution, parks, noise 
1evel, and traffic volume. 

o 

o 

o 



o 

o 

o 

Coliforms 

Tl1e :nocpcndent ·vari.ab~e~ used_ -~~~ -~c:ve:l.~~ ~~gression _equa.t_~on~ f~r .:: e 

·. -~nc.:!ntra::lon .o'f \tota'1 coli.fo~s- are ·those ·shown tn' the following fun~ t).;,.¡,,: 
, ..... r : t , .-~ ,- , ' :! , 1 • - , _, 

:~.!! best regress-ion ·ec;ua:tlons :for total .•collforms .toge'ther -with :their 
.' , ... , 1 ~., ~- .. ~'.:.:.._-t:<-~;¡,;:f_."~:' ~~, .. ~ ,~-;¡ r 

: ~·c[ficients of .corre:lation ·,(R) ·and .'F 'values :{99%, .si·gnliffcance level) 
' i1 ~ . . •. 

..:::-e as foilows.: 
·, ~-

}:
1 

'= ·t!¡:JO -· 363 '(X
1
J 

fo: résidci;Üal: a.rea: 
... 

. . ·,a :. -0.~883 

f.m: commen:i-al ~and indus.tt·ial ·área:' '~". 

¡ :,) -. 1 ' ' ¡:' # ' O:': ..... "),~ ,• 

1. 

• 
·- ' ~l 

' '1, 

.Conc~:lt:ra ~];o~ :~f.'CQD: e. J ~.(X1 '~•14·',~:}.7 ,X•l9;'X20'X·21''X22''X24''X25 ,:<19., 
' 

I <· : ·-· ·· ''!>2!.~3'·D9~ _:•,.r ' ·n;;:: .. : 

vf c.:orre:ation' (R) aüd~-F ·vaiues .are:'as'-follows: · · 

comb1ncd land use area~ 

'.f .. 5 = n - 45.4 (x1) ~ .2 .. 6·1 ,~xz.l.>..:;+ ;o.:o~6~~ C:b2) 
' ~ , ·' ' ,. • , • , • ~ r J •• 

R = 0.839 

F = ó.32 



was 1ocated furthcr th~m 15 minutes travel time from an 

airport of 1ess than a BU II rating, or 30 minutes trave1 time 

from an airport of at 1east a GU rating, a BU I airport was 

justified. The proper time period for airport deve1opment 

was determined by the popu1ation projections and degree of 

iso1ation. 

':"he resu1ts of this ana1ysis are shown in Figure 10, Appendix E, 

\vllich depicts the recommended 1980 Ok1ahoma Airport System, and 

iigure 11 Appendix E, which shows the area coverage that this air

port system wi11 provide. The output of the mode1 indicates that by 

1980, one BT 100-60, three BU II, and twenty BU I class airportw 

vlill have to be established in the s tate. Al so during this time, 

~welve BU I and one BT 100-60 c1ass airports wi11 require new paved 

rumvays on existing airport sites. These requirements are in addi

tion to those of the two 1arge metropolitan areas, Ok1ahorna City and 

1ulsa, which have their own planning agencies and projections. The 

airports requiring development or expansion are shoTNn in the schedule 

of airport development that fo1lows, a1ong with the detai1ed reGuire

~ents for each site. Airports that are adequate now and wil1 not 

require improvement b~tween 1970 and 1980 are noc shown in the 

-:.isting. 

~ó.ó2 ~eco~~ended Priority Point System 

Jüring fiscá1 periods when funds are 1imited and t~e number of 

airports requiring developrnent exceeds the funds avaj_1able for 

airport development, sorne type of priority point system should 

o 

o 

o 



o 

o 

o 

f~r rcsidential area: 

H_
5 

= 69 - 7l~.71 (X
1

) + 3.68 (X2-l) .f. 0 .• 0105 (D
2

) 

R :: .O. 971 
. ' 

= 16.55. 

~\. = 0.862 ., 

F = 2.89 

o 

Concentration of Total Solids 

Conc ... ntration of total .solids = f (X.r;x13 ,xl!4 ,x1_j·,X.19 ,x20 ,x21 ,x:!2 • 

X24 ,-x25 ,x,29 'Dl', D4) 

'Lile bc.>t regrcssion equations for 'total solids and •their coeffic.ients 

:lf :crrd .. :::on .(?.~ :::.nd F ·::::.lucs are .::~ foUm1~·: 

for corr.Li11e l land use area: 

-E; = "15.13 

for 1.·es. __ , u .. ial ·area: 

N
9 

= -139 - 15.4 (x20) + 16 .O (X22 )· + 2. 57 .(D
4

) 

R -0.765 

::· = 1.41 ,• 

·' 
co::~·nc . .: Lll ar.d industrial area: 

R = 0 .• 839 F = 9.51 



Concentr~tion of Soluble Orthoohosohates 

Concentra tion ·of Soluble Orthophospha tes = f (Xl,xl3,xl4'xl5'xl7'x20' 

_x~ii~22'x24'x25;x2~'n4,D9) 

The best ~quad~ns for solublé orthÓph,osphates ·and their coefficients 

of correlation (R) ~nd F v~lues are as follows: 

for combin¿d land use area: 

H
8 

= o.62 +:o~:oa''(X29) 

for residential1 aréa: 

18.3 Valiclation 

F = 21.66 

E y the very na tur~ -'of the methodology used in developing the model, 

the accuracy of the predicted pollutant concentrations is l~mited by a 

number of _factors related to the characteristics of the individual urban. 

areas thcmselves. Thc modcls, for example, are bascd on the estimation of _ 

/ -
disperscd, rathcr than localizcd, pollution sources. The existcnce of 

': 
localizcd sources of pollutants within thc watcrshed bcing studicd would, 

o 

o 

of coursc, rc&ult in higher concentrations than would be prcdictcd by the Ü 
models. 



o The models, derived from the Uni•1crsity of Oklahoma. study, are b::~s..!c¡ 

on ·thc assumpti·on that land ·use cl.assi fi_cations ar:e among the ·most i!:'I;JoJ:'.t·~·•t 

·~ fJ.cto'rs influencing pollutan·t concentrations. When the eff~cts o~ ~ ·. 

:'.umb~r of -•dditional lY"a.tex:shed·~.?aract~ristics were ~s~essed in th7 ~yc; 
~ -~ .. .- ~ ... ' - ..., - ---' ,. 

study, it '-·as found tha.t .(frainage 'charricteristlcs were ·often far·morc 
1 .. • ~/ ... • - ~ ~ • -

.:.mport: .. 1. than land use classifications' alone .• · · ·FÚ1~Hy, thc ·rescar.ch 
. ''1" 1 "'\, , , ,'4r ' 

in.to t:h~ cffec.ts ·of climato·l·ogica·l ·charac.té'ristics underta.ken durfng L • 
1 ( ' L i. ~ -

..-ccent AVC0 study has demonstrated tha,t the effects of climate may, :;.n 
'' 

turn, be more signiffcant that .either land .use o.r_ .drainage. In any ev€: "• 

storn-. water ,pollution is related to a vast number of factors, including 
; .., .. 

ci~~ate, land use, environmen~, and drainag~ charac~eristics~ as w~ll a~ 

m.3r.J :•tr.cr factors which have not yet ·been considered in fuH. It can 

b:.: expec L:ed that fu tu re studies to identify ·the inf1uence of regional 

factors on the. amounts ·of stonn water _poUution ~ill modify ·the modcls 
' ' 

to make thcir application .more rvalid in· regions distant from the Tulsa 

arca. 

o 
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