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I. INTRODUCTION  

In city planning, the city is nowadays viewed as 

a complex system. The use of modela to express reta-

dons between elements of such systems through 

mathematical equations has been earning increased 

respect, insofar as the results have been shown to be 

consistent 'with observed reality. 

Modais formulated abroad bring with them certain 

implicit assumptions about the structure of urban 

space, which are only valid in the context of the 

prevailing socio-economic conditions within the 

industrialized countries for which they wereconceived. 

It is thus hardly feasible to take such models out of 

context by transposing them to urban areas of 

developing countries. 

Some characteristics of developing countries fail 

to fit isto models from developed countries. They 

fnclude low percapita income, irregular and deficient 

distribution of urban infrastructure, extremely high 

demographic growth rates, and "favelas" (shanty towns). 

The concept of bomo geneous sone (HZ) has beenused 

extensively in the present study. Sectorization of the 

urban ares into HZ's providas objective and suitable 

city planning criteria, reducing as well the variance 

of socio-economic and demogaphic variables; through 

an analysis of the urban textura in serial photos, it 

is possible to identify homogeneous physical spaces, 

called "homogeneous zones", to which correspond 

socially and culturally consistent humen groupings 3 . 

Using urban sectorization methodology based °o 

the concept of HZ, a method was developed by the 

sachara for planning the structure of urban sPace in 

such a way as to take into account the characteristics 

of Brazilian cicies. The computer Monte Carlo technique 

was used to simulate the model's operation. 

II. SYSTERIC FORMULATION OF URBAN GROWTH  

There are two sections to Chis systemic formula-

tion of the urban growth process. The first addresses 

the question of household location ander uncertainty 

(demand and supply). 

A.1. Residential Location Demand Model  

This model utilizes incarne, building standards (in 

the senso of building quality), and urbanization levei 

of the neighborhood as the decision-making variables. 

A "household" is defined as a group of people 

living in the same dwelling and earning a given total 

income (T). 

The house construction standard (H) is defined as 

a measure of the physical features of the bouse.-The 

urbanization levei (L) is defined as a measure of the 

physical and social features of a neighborhood in a 

given HZ. 

The household utility function, U, is represented 

by U=U (X, H, L), where Xis a set of itens not 

associated with the building itself, such as cars, 

educational levei of the group constituents, etc. The 

household is subject to a budget limitation, as 

follows: 

Y - eX - CH - R. = O, 3 - 1 	3 	 ( 1 ) 

where O is the "price" of the aggregate X, C is the 

construction cose, and E 5 is the eost associated with 

locating the household in 215, corresponding to 

transportation coses and price differentials for land 

plots. Maximizing the utility function for the 

household and addressing the analysis to each 

homogeneous zona Zlij , we have: 

MAiC U. = 12 (X, H, L.); j = 1 	J 	 (2) 

Within any given city, prices of nonresidential 

goods to not vary from ove HZ to another in a way which 

is related to their location. This assumption means 



that the cross elasticity between residential and non-

residential features is equal to zero or virtually 

zero. The equation (1), then, can be broken down jato 

utility of residential (V) and nonresidential (W) 

features: 

NU.= V(L., ) + W(X) , 	 (3) 

In order to be able to compare the utility of the 

various Eles, it is convenient to express the utility 

of each sone in tens offurban quality (h i ) H), and of 

an extra tern, corresponding to the difference hetween 

the transportation coscs and price differential for the 

piot in HZ., and those for a household which chooses 

Thus, we have: 

Uj  = V(11 , H) + Wah ) .e.K(Rb - Ri)) 	 (4) 

= constant 
dx  = do e 	, 	 (7) 

levei, is obtained subjected to the constraints of 

supply of such locational facilities. The demand and 

supply of construction space interact and achieve 

equilibrium through a progressive saturation of the 

absorption capacity of each HZ, given by the supply 

model for residential location. 

A.2. Residencial Location Supply Model  

The supply of residencial.locations is based on a 

modal proposed by Clarkl. In Chis model, the 

distribution of household density ou urban land (d ) 

at a distance (x) from the District Commercial Center 

(DCC) tenda to be negatively exponentiAl from the DCC 

outwards, though care most be calcei to exclude areas 

with institucional use and areas which are unsuited tc 

urbanization. Its mathematical expression is: 

The household will choose HZ. if: 
3 

V(L 8 , H) - V(L., li) - K(R
g 
 -R

J 
 ),0 for g O j 	(5) 

1 	' 
g = 1 	J 

subject to the limitations of the househelds income, 

expressed by equation (1). 

The household will thus be located in the HZ which 

maximizes the satisfaction of its needs, with a 

rational allocation of its income. This representative 

behavior is subjected to a random component (g), which 

describes the idiosyncracies of an individual 

household, in order to achieve a better fit with the 

urban supply of houses, which have the desired 

construction features inaneighborhood with the 

desired urbanization levei. Therefore, 

II. =g (I-, 11) + 	• 	 (6) 
3 n 

ubere E indicates the representative behavior of the 

household's set whose income bracket is n. 

The parameters of equation (6) are obtained by 

stratified sampling of households, by HZ, of the city 

under survey. The demand modal will be, then, a joint 

protability function for house construction standards 

and urbanization levei intheneighborhood, for each 

incOme bracket. The households' income distribution 

profile is projected along the planning horizon and is 

used ia combination with demograPhic projection, to 

obtain the member of new households which are to be 

located ia any period within eaCh incem bracket, by 

simolation. The existing households are relocated 

through the probability distribution function as the 

fraction of households of each incarne bracket that 

have moved in recent years. The projection of demand 

for urban plots,ateach neighborhood urbanization  

where do • the density of households ia the DCC and b 

is a parameter. The urban space can be divided into 

radial sectors, to each of which corresponds a main 

development axis. This anota the nadei to be applied 

by taking jato account the specific contingencies of 

topography and the historical [renda of land use. A 

progressive saturation of the areas at each 

urbanization levei is achieved, until all households 

to be located have been exhausted. 

B. Nonresidential Activities Location  

This Second &Goda, addresses the locacion of 

comercial and service activities, considering 

accessibility and the potential market created by 

the resident population. 

The location of establishments is a function of 

their potencial market (M), and thus depends os the 

degree to which chey are accessible to consumers. The 

size of the establishment, represented by the number 

of employees (E), is a further factor in determining 

its locational behavior. 

The attractiveness of a commercial estahlishment, 

and by extension its profitability, is therefore a 

function of these two factors: accessibllity and size. 

Modelling the process of chaosing location and 

operating size is approached to the viewpoint of 

decision under uncertain conditions, and the structure 

of the modal, therefore, is as foliava: 

G
P,E 	' 

= G(M E) +C , 	 (8) 
p 

where G ,E = the profitability of the loeation in the 
p 

comercial zona z, with E employees, 



The potential market of a commercial tone, ti, 

willbegivenbythetotalsuraofmarkets(M.)in the 

homogeneouszonesM
JI 
 located in the same urban 

sector affected by an accessibility function (A).' 

	

= 	(M. • A ) a 	 (9) 

	

P 	 P 

The accessibility function (A ), as considered 

ia chis paper, is of the gravitational type. The 

potential market (M) determines the number of 

establishments (N ) b means of a function of the 

Cobb -Douglas type: 

g N 	= cddO  E + t, 
P,e 

where u, 0, g are parameters which can be determined 

by using sampled data. 

Industrial plants are located exogenously, in 

compliance with local regulations governing land use. 

III. OPERATION OF THE MODELS  

This abolia methodology was applied to São José 

dos Campos, State of São Paulo, Brasil, as a 

constituent part of a method aimed to plan telephone 

networks2 , but can easily be applied to planning of a 

wide range of infrastructure and urban services. 

The modela vera calibrated using data obtained 

from a semeie survey conducted in 1978 from Municipal 

Land Use data files, and Business data files. 

They were validated usine data obtained from 

aerophotogrammetric mosaics of the city in question for 

1962, 1972 and 1977. This validation comprised an 

application of the model for the year 1962 and 

reconstruction of the city in successive iterations 

up until 1978. 

Initially, the location demand of a household is 

obtained through sequencial rank-ordered sampling for 

two leveis of decision-making, elven the household's 

income, which is exogeneously determined. Housing 

levei and urbanization levei are defined by their 

probability distribution functions. 

The next step was to simulate, using the same 

technique, the choice of an axis of the town and an 

HZ on Chis amis. 

Sua; an HZ must be able to absorb the households 

defined ia the supply model. This process is repeated 

until all the units to be located are exhausted, for 

the simulation period considered. 

For each iteration of nonresidential location, 

the potential market for each RZ is calculated in 

taras of the housebolds already located. 

The accessibility function which best represents 

the town is calculated on the basis of the geometry 

of road networks and population data. The next step i; 

to simulate the location of business and service 

establishments. In mixed-use tones (comercial and 

residential), no notice is taken of variations in 

residential density due to the location of commerce 

and services, and commercial moves are excluded from 

the supply modal as arcas available for residencial 

location. 

The short processing time required for each 

simulation run using these modelo maltes it feasible 

to perform the necessary number of runs in order to 

obtain resulta within the desired reliability and 

precision. Finally, it should be stressed that, while 

there is no inherent limitation to the models with 

respect to the size of the city to be modelled, cate 

must be taken with particularities of each city and 

developing country. 
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