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SUMMARY

This thesis describes the development and use of a goal programming
methodology for the evaluation of public housing strategies in
Mexico City. The methodology responds to the need to incorporate
the location, size and densities of housing projects on the ona
hand, and 'external' constfraints such as the ability of low income
families to pay for housing, and the amounts of capital and land
available, on the other. '

The provision of low cost housing by public housing agencies in
Mexico City is becoming increasingly difficult because there are
SO many constraints to be met and overcome, the most important of
which is the ability of families to pay for housing. Other important
limiting factors are the availability of capital and of land plots of
the right size in desired locations.

The location of public housing projects is significant because it
determines the cost and pattern of work trips, which in a metropolitan
area such as Mexico City are of considerable importance to hoth
planners and potential house owners. In addition, since the price

of land is closely related to its location, the last factor is algo
significant in determining the price of the total housing package,
Consequently there is a major trade~off between a housing strategy
based on the provision of housing at locations close to employment,
and the opposite one based on the provision of housing at locationsa
where employment accessibility is poorer but housing can be providsd
at a lower price,

The goal programming evaluation methodology presented in thig thesis
was developed to aid housing planners to evaluate housing strategles
which incorporate the issues rajiged abhove.
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CHAPTER 1

INTRODUCTION

1.1, Overview

QOver the last decades Mexico City has experienced a tremendous
growth of its population, Between 1340 and 1970 its population more
than quadrupled and it has been estimated that if present trends
continue Mexico City could have over thirty million people by the

vear 2000.

The rapid expansion of Mexico City has generated considerable
demands for land, housing, services, transport, etc., which are
becoming increasingly difficult to meet given the growing gap
between needs and resources. In this context the need for planning
requires little if any justification. In the area of housing policy,
efficiency in the allocation of public re‘sources is crucial; housing
goals must be met as closely as possible at the lowest possible

cost,

The purpose of this thesis is to make a contribution to the
housing policy area by the development and testing of a goal
programming evaluation methodology through which the implications

of alternative policy decisions may be determined and assessed,



To show the real possibilities of the model as a policy
assessment tool an actual case has been fully analysed in relation
to Mexico City. It is for this reason that several chapters have
centered on a rather extensive presentation of the main features
of Mexico City's housing situation and the remaining ones on the

development and testing of the goal programming model,

1.2 The Research Problem

It is often argued that public housing projects should be located
near employment centres so that low income families do not have to

transportation and too much

o

spend too big a share of their incomes o

ol

uch

time on the journey to work, In big metropolitan areas

m

Mexico City where employment, specially service employment, is
highly concentrated this objective can only be achieved at a high

cost due to the high price of land in such locations.,

On the other hand the option of locating public housing projects
at the periphery is costly too. Because of the big size of the city
a work trip from the periphery to the city centre can easily take

more than two hours; even by car,

The time spent on the journey to work has a very high cosf for
the worker in terms of lost wages., Not to mention the cost of

providing the necessary infrastructure which increases more than



proportionally as the city expands.

In the presence of these conditions public housing agencies in
Mexico City are finding it increasingly difficult to evaluate decisions
regarding the size, location and design of housing projects, The
problem is aggravated by the fact that capital is limited and the
characteristics of the plots of land available in the city for public
housing developments seldom adequate to meet the requirements of

size and location,

The goal programming model presented in this thesis is aimed
at aiding housing planners to answer questions related to the location,
size and design of public housing projects in relation to the
characteristics of the families that are to be housed, especially their
levels of income, and also in relation to the constraints that are known

to be determinant of the range of feasible options.,

1.3 Social and Economic Framework

One of the most prominent characteristics of Mexico City's
expansion has been the increase in the size and number of slumsg
and of squatter settlements, In the early 1930's when Mexico City's
population was 1,2 million, half a million people lived in slums but
very few in squatter settlements, By the early 1970's the population

living in slums was estimated fo be around 2.0 million people, and



that living in squatter settlements of over 2,5 million people;
together comprising roughly sixty per cent of the population of

Mexico City's entire urban area, which in 1970 contained eight

million people.

Although rapid population growth has contributed a great deal
to aggravate the housing situation one must not lose sight of the
importance of economic factors, City unemployment and
underemployment is undoubtedly a very important cause of the problem,
Mexico City has traditionally been the most important provider of
urban employment in Mexico, Over 17% of the country's labour force
is concentrated in the capital city and it accounts for about 12% of

the nation's G, D, P.

However, the proportion of Mexico City's labour force engaged
in marginal (non formal) occupations is not less than 25% (Mufioz,
1970) and their corresponding incomes very low. Since income is the
most important determinant of any household's ability to pay housing,
one cannot expect housing standards to be high when the employment

problem is so acute,

Moreover the inability of households to pay for good housing is
aggravated by problems relating to the supply side of the housing
market., Of these the provision of land is one of the greatest problems,
At the present time (1980) land cost can account for as much as 56% of

the total cost of a low cost single housing unit at the periphery of




Mexico City, (this compares with approximately 25% - 30% for

low cost housing units in the U,K) .

This situation has forced many poor families to acquire illegally
plots of land in many areas of the city but predominantly at peripheral
locations and to build in very hard conditions dwellings made of scrap

materials and with no access to water, electricity, sewage, etc,

1.4, Institutional Framework

In Mexico City the public sector has been for a long time
involved in the provision of low cost housing for low income families,
Currently there are several housing agencies working in all the
activities related to public housing such as financing, consfruction,
planning and so forth. By far the most important of these agencies is

the National Housing Workers Fund (INFONAVIT) created in 1972,

INFONAVIT resources come from over 240,000 firms from all over
the country in which more than four million persons work, These
firms are required to make a monthly contribution to the fund equal to
50% of the amount. paid in wages and salaries to their employees,

One of the most important decisions INFONAVIT has to make concerns,
on the one hand the allocation of credits among applicants and on the

other the location, size and design of the developments,




A typical INFONAVIT development called 'conjunto habitacional',
generally takes the form of blocks of flats of two, three and even five
stories, Due to the high cost of urbanized land the conjuntos are
often located at the periphery of the city, where land is relatively

cheap,

The allocation of credits among applicants as well as the location
size and design of the conjuntos are two important and related decisions

for which no formal evaluation methodology is currently used by

INFONAVIT, .

In spite of the big amount of resources that the governmant dedicaies
to low cost housing construction in Mexico and Mexico City, the
contribution of this sector is limited, considering that it accounts for
less than 20% of total residential construction, The contribution of the
private sector is even less significant given that its participation is just
over 17%. This means that the so called ‘popular sector' is responsible
for the construction of more than 60% of all the houses that are built in’

the country and probably of a higher proportion in Mexico City,

This situation has lead many housing experts to conclude that
traditional approaches such as public housing are totally inadequate

to deal with the housing problem,



It is further argued by this school that the new approach should

i

be based on a 'self - help' housing policy in which the government
does not build houses but simply organizes, finances and plans

the process of self - construction,

This view, however, is still very much at issue. The fact that
so much people in Mexico City have been forced to house themselves
in very hard circumstances, does not necessarily imply that self =

construction should become a housing policy.

It is true that many public housing projects are unsuitable fo the
needs and requirements of the families to whom such programs are
directed. However the causes of the failure are in many cases known
and by no means impossible to eliminate, Among others the most

important one is the setting of very high standards for the construction

of many of the misnamed 'low cost' housing projects,

1.5 The Modelling Approach

The use of mathematical models in urban planning is in no way
new. Models have been developed since the early fifties to aid
planners to understand complex systems such as the urban economic
system and to design better policies and take better decisions, Thare
are many generic types of models, For example, there are econometric
models, optimization models and dynamic ~ simulation madelsa,
Econometric models are generally used to determine the degree of

correlation among a set of variables and to forecast the prohable Tuture




value of a variable if other related variables change. Dynamic
simulation models of the Forrester type (see Forrester, 1969) are
generally used to understand complex systems. For instance the
phenomenon of migration can be modelled with a Forrester simulation
type model very successfully since by introducing the feed - back
concept it can be stated that migration from city A to city B is not
only a function of, say, employment growth rate differences between
the two cities but also in the long run, a function of the diminishing
gap between such growth rates, caused by the very migration process
which eventually would tend to decrease, Optimization models are
concerned with allocation problems., A linear programming model for
example is generally developed to find optimal ways in which scarce
resources can be allocated to maximize or minimize an objective
function, The most typical example in practice is given by a firm that
wishes to maximize profits given certain financial or man power
constraints, but there are also many theoretical applications such as
the economic text book case of a household wishing to maximize a

utility function subject to an income constraint,

When the modelling field is first being considered as a means of
providing an analytical tool, the first question that needs to be asked
is, what is the model wanted for?; the answer indicates the kind of
model to be used., When the present project on housing was sfartad

there was no interest in developing a model of any sort, The original




idea was to research the main causes of the housing problem of

Mexico City in order to identify and evaluate a number of housing

policies for low income groups.

However it soon became apparent that an ex-post evaluation of
housing problems would be of limited utility in terms of eXwante.
prescriptions. Thus basic questions soon emerged such as how do
we know a policy is going to have the desired effect; moreover, how
do we measure the effects?. Another important problem was the
existence of trade~offs between policies. This kind of questions
suggested that a modelling technique would not only be useful in
the evaluation of housing policies but one probably essential to the

development of future slrategies.

Although the full development of this field would probably
require a combination of techniques and models it was hoped that this
initial contribution would be able to develop the most suitable type

of model given the policy issues outlined briefly above.

Two approaches were considered in depth; the systems dynamic
approach and the optimization approach. The former, as pointed out
earlier is very useful, because it enables the user to trace not only
primary direct policy impacts but long run secondary effects, There is,
however, an important limitation with this approach, namely that if talls

us nothing about efficiency in the allocation of resources. Ona has {0




judge from the obtained results how '‘good' or 'bad' a policy turns out
to be. Since the central problem is the allocatjon of scarce resources

to-try and achieve a number of housing policy objectives, the optimization

approach was adopted,

There are many types of optimization models, linear, dynamic, etc.
Eventually, a linear goal programming type of model was built to
evaluate housing strategies. This approach was considered suitable
for the following reasons. Firstly linear relationships are easier fo
handle than non linear ones. Secondly goal programming, as opposed fo
conventional linear programming is a powerful technique for dealing with
multiobjective programming problems, BRasically the aim of any goal
programming model is to determine the most efficient way of meeting aa
closely as possible a number of goals, not just one single objective, and

it therefore responds to the issues under consideration,

1.6 Structure of the Model

©

A central element in the proposed goal programming model is the
existence of a trade-~off between a housing strategy based on the provisjon
of housing in aréas far from work places where land is cheaper, and the
opposite housing strategy of providing housing in areas close to work
places. A trade-off between these two strategies exists because the
former implies more housing, or less capital investment but higher
transport costs, whereas the latter implies the reverse, Both strategies
can be represented as goals in the goal programming model, ana aeseking
to satisfy a housing cost minimization objective and the other a
transport minimization objective, The theory hehind this moedal {8 noj

new,
10



Since the early sixties several so called trade~off accessibility models
have been developed to represent the locational behaviour of
households (see Muth 1969: Alonso 1865;: Evans 1974). The idea of the
research is to make such theoretical analysis applicable to real
problems within the context of public housing provision. We wish to
provide the existing public housing agencies of Mexico with a useful
technique for the assessed housing strategies. In point of fact the
proposed model was partially developed with the aid of the National

Housing Workers Fund, in Mexico City.

1.7 Structure of the Thesis

Chapters 2, 3 and 5 are contextual. They were written 1o frame thea
housing problem of Mexico City within the national economic and

demographic context,

Chapter 2 describes the main features of the housing situation of
Mexico City. It does so by looking at the changes in occupancy per
housing unit since 1950 and other indicators of housing conditions.
This chapter also examines the composition and growth of the low

income housing stock.

Chapter 3 contains a brief discussion of the main demographic
and economic factors underlying the housing problem of Mexico City.

It analyses the process of urbanization, population growih,

11




underemployment and low incomes in relation to the housing problem,

Chapter 4 is intended to provide theoretical as well as empirical
support to the basic assumption upon which the housing goal
programming model rests i.e. that the trade - off between housing and

accessibility is relevant to the case of Mexico City.

Chapter 5 considers the role of the government in relation to the
housing problem, Tt firstly discusses the performance and achievemeant
of the several agencies set up by the government to deal with Mexico
City's housing situation, This is followed by a discussion of "8slf =
Help" as a housing option, and a brief description of legislation

affecting the housing sector is also included in this chapter,

Chapter 6 is introductory to Chapter 7. It contains an outline
of basic linear programming concepts followed by a review  of Linear

programming models used in the context of urban planning.

Chapter 7 presents the goal programming housing model and

finally Chapter 8 contains an application of the proposed model,

The conclusions emerging from the study are set out in Chapter 9.,




CHAPTER 2.

MAIN FEATURES OF THE HOUSING SITUATION OF MEXICO CITY

This chapter is intended to provide a general picture of Mexico
City's housing situation. Section 2.1 takes a look at housing condi-
tions referring to conventional indicators such as the rate of cccupan-
cy and the availability of services. In the following section it is ex-
plained how the low income housing stock is organized and how it has
grown over the years. Some concluding remarks are made in the final

section.,

2.1, INDICATORS OF HOUSING CONDITIONS IN MEXICO CITY

2.1.1 Occupancy per Housing Unit and Room,

According to official st:at:istics1 between 1950 and 1960 Mexico
City's population increased from 3.1 million to 4 .8 million people,
an increase of 55%. Over the same period of time the number of
housing units went up only 44%: from 626 to 902 thousand housing
units. Between 1960 and 1970 population rose from 4.8 to 6.9 mil-
lion while the housing stock reached the figure of 1.2 million units;
an increase in ;;opulation and the number of units of 43% and 35%
respectively. This means that over the years the average number of
persons per housing unit has increased from 4,87 in 1950 to 5.39 in
1960 and to 5.72 in 1970, (table 2 .I)V. The same trend is obserQed
at the national level, for the number of persons per housing unit

went up from 4.90 in 1950 to 5.48 in 1960 and to 5.83 in 1970.

1 Censos Generales de Poblaci6tn. Direccién General de Estadfistica.
1950, 1960 and 1970.

13



TABLE 2.1

GROWTH OF MEXICO CITY'S POPULATION AND HOUSING STOCK

(1) (2) L/ @)
POPULATION % HOUSING % OCCUPANTS

NITS UNITS

1950 3 050 626 4.87

1960 4 870 60 902 44 5.39

1970 6 967 43 1219 35 5.72

SOURCE: Censos Generales de Poblaciétn 1950 - 13970.

These figures can be interpreted as an indication of deterioration
of the housing situation of Mexico City as they suggest that crowding
has increased over the years. On the other hand, however, it could
be argued that an average of 5.7 persons per unit is not very high con-
sidering that that is the average size of the Mexican family. Yet a
complete different picture emerges if one considers the composition of
the housing stock. In 1970 of the 1.2 million units that existed 351
thousand had only one room, 311 thousand two rooms, 203 thousand
five or more rooms (including the kitchen). In other words, over 54%
of Mexico City's housing stockﬂin 1970 was made up of two rboms
houses, that is to say houses with one bedroom, kitchen and tollet.
Approximately 3.5 million people were living in these one and two
rooms houses which represent over the half the number of occupants re-
gistered by the census (te‘a'bwle 2.1). Additionaly, if we divide the total
number of rooms by the number of cccupants we obtain a rate of occup-
ancy of 1.95 occupants per room which is very high in comparison with
other countries. The same rates are for La Havana (Cuba) 1.20; for

Panama City 1.92; for Brazilia 1.10, and for London and Paris 0.60 and

14



1.0 respeci:ively2 . Of course it could be argued that internaticnal
comparisons of housing indicators are often misleading because the
conditions and attitudes vary encrmously from one country to another,

and therefore people in different countries attach different importance

to factors like overcrowding. Yet given the composition of the housing -

stock it is difficult to deny that the high rate of occupancy observed

in Mexico City is an indicator of very low levels of housing living con-

ditions.
TABLE 2,2
HOUSING: NUMBER OF UNITS ,ROOMS AND
OCCUPANTS. MEXICO CITY (1970)
No. % %
ROOMS UNITS % (ACCUM) OCCUPANTS % (ACCUM)
1 351 28.79 28.79 1794 26.09 26.09
2 311  25.51 54,31 1 733 25.21 51.30
3 203 16 .65 70.95 1143 16.63 67.9
4 144 11.81 82.77 820 11.93 79.86
5 210 17.23 . 100.00 1 385 20.14:100.00

SOURCE: Censos Generales de Poblacién. 1970

2 Global Review of Human Settlements. United Nations 1976

15




2.1.2 Facilities

One important indicator of housing conditions is the extent to

which dwellings are provided with facilities such as water supply,

bathroom, and electricity. The avatlable information on this aspect
of the housing stock indicates that even though the percentage of

dwellings with running water increased from 50% to 62% between 1960

and 1970 there were still 456 thousand dwellings without running water

in 1970, (See table 2.,3)

As regards to the number of dwellings with bathroom, the situa-

tion improved very moderately between 1960 and 1970, for the | -
percentage of dwellings with bathroom only increased from 53% to 57%
during that period. The number of dwellings without bathroom was

approximately 500 thousand in 197Q.

TABLE .3
, HOUSING: FACILITIES AVAILABILITY. MEXICO CITY (1970)
(Percentage)
RUNNING ELECTRICITY
YEAR WATER ‘ OR GAS BATHROCOM
1960 50 23 53
1970 62 ' 79 57

SOURCE: Censos Generales de Poblacién 1960 -~ 1970.
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The number of dwellings with electricity or gas has risen consid-
erably since 1960. In 1960 only 23% had electricity or gas, by 1970
this figure had increased to 79%. Nevertheless there were still 250
thousand dwellings without electricity or gas in 1970. Thus it can be
said that even though conditions have improved relatively, the improve-
ment has been rather moderate and that the levels reached are still
quite low, particularly as regards to water and bathroom facilities.

2.2, ORGANIZATION AND GROWTH OF THE LOW INCOME
HOUSING STOCK.

2.2.1 Organization

Field research by SUDRA and TURNER (1972) and WARD (1973)
suggests that the low income housing stock of the entire urban area of
Mexlco City is organized into a series of subsystems which can be
differentiated according to their locational, structural and tenurial
properties. The main basic subsystems ildentified by SUDRA and
TURNER are:
lo. "Vecindades"”, (literally neighbourhoods) or slums.

20. "Colonias Proletarias”, (literally Proletarian Neighbourhoods) or

squatter settlements.
30. "Ciudades Perdidas”, (literally lost cities) or shanty towns.

40. "Conjuntos subsidiados” or public housing projects.
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2.2.1.1. Location

The majority of the "vecindades" are located in the centre of the
city but in some cases they can also be found in the periphery and
the intermediate ring. “Ciudades Perdidas" are typically found inthe
intermediate ring. "“Colonias Proletarias® and "Conjuntos Subsidia-

dos" are gerierally located at the periphery.

2.2.1.2. Tenure

Moét of the "vecindades” located in the central area consist of
rented units many of them subject to rent control since 1948. In
contrast the majority of the dwellings of the “Colonias Proletarias®
are "owned"” by the cccupier illegally; either because they were
acquired through a self appointed landowner who has no legal title
to the land or because the vendor (subdivider) defaults in the provision
of services. Such is the case of the so - called "Fraccionamientos

clandestinos® (illegal subdivisions) a variety of the Colonias Proleta-

rias subsystem.

In other cases "owners” are aware of their illegal situation when
they have acquired the land through straightforward land squatting.

This is the case of so - called "Colonias Paracaidistas" another vari-

ety of Colonias Proletarias.

Housing units of both "Ciudades Perdidas" and "Conjuntos Subsi-

diados" are generally rented although many of the units of the "conjun-

1"

tos" are often owned.
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2.2.1.3. Structure and Services

All the dwellings of the "Vecindades" have access to all services
but quite often they are shared. The classic "Vecindades" in the
central city very often come from old buildings which are adapted as
dwellings. Overcrowding is particularly high due to the fact that they
are located in a very priviledged area of the city with access to employ—-

ment and therefore such dwellings are very much in demand.

The typical housing unit of the "Coloniés Proletarias” is rela=
tively more roomy than any other ‘low income housing unit. This
housing unit is generally built of provisional material by the occupants
“themselves and in some cases improved over the years. It generally
lacks one or all of the following services: drainage, paving, water,

refuse collection.

The "Conjuntos Subsidiados;“ built by government agencles are

generally of a very high standard and have access to all services.

"Colonias Proletarias

The expansion of the "Colonias Proletarias™ since the late 1940's
has been rather dramatic. Between 1950 and 1964 the population
living in "Colonias Proletarias" increased from 420 thousand to 1.5
million and it has been estimated that in 1972 about 3 to 3.5 million
pecple were living there. This means an average annual growth of

9.24% between 1950 and 1972.
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The expansion of the "Vecindades"” of the central city has been
relatively slower. Between 1935 and 1952 the population of "Vecin-
dades" increased from half a million to nearly a million. In 1972 the
estimated people of the classic "Vecindades" in the centre of the city
and that living in the "Vecindades"” at the periphery was of 2 million.

That is, an average annual growth of 3.84% between 1935 and 1972.

“Ciudades Perdidas”

The population of the “Ciudades Perdidas® has decreased since
1952. In that year the population of "Ciudades Perdidas” was about
315 thousand, by 1972 it had decreased to 112 000 - 200 000. The
factor sometimes menticned to explain this decrease in the population
of "Ciudades Perdidas® is a more efficient police surveillance which

makes squatting more difficult.

The expansion of "Colonias Proletarias,” "Vecindades" and

“Ciudades Perdidas" is sumarized in Table 2.4.
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TABLE 2.4

EXPANSION OF THE LOW INCOME HOUSING STOCK (VECINDADES,
COLONIAS PROLETARIAS AND CIUDADES PERDIDAS POPULATION)

1935 -~ 1972

YEAR VECINDADES CIUDADES PERDIDAS COLONIAS PROLETARIAS

1

1935 500 000 N.A. N.A.
1947  N.A. 100 0001 N.A.

1952 993 000" 315 000" 420 000"
1955  N.A. N.A. 750 000~
1964  N.A. N.A. 1 500 000°
1972 2 000 000" 112 000 - 200 000" 33 500 000"

SOURCE: 1. Banco Nacional Hipotecario y de Obras Piblicas. Estu-
dio No. 6. El Problema de la Habitacién en la Ciudad

de México. (1952)

2 .Instituto Nacional de la Vivienda. Herradura de Tugu-
rios: Problemas y Scluciones Mexico D.F. 1958,

3. Plan Regulador del Distrito Federal 1964.

4. TURNER (1972), WARD (1977).

N.A. Not Available



2.3. CONCLUSION

Some points can be concluded from the preceding sections.
Mexico City's housing problem is a very serious one considering the
high number of housing units lacking basic facilities, the fact that

overcrowding has Increased over time and also the size and staggering

growth of squatter settlements. In the following chapter some of the
economic and demographic factors underlying this situation will be

anal}_rz-ed.
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CHAPTER 3

DEMOGRAPHIC AND ECONOMIC FACTORS UNDERIYING
THE HOUSING PROBILEM

This chapter is about the economic and demographic factors

underlying the housing situation of Mexico City.

Section 3,1 provides a brief description of Mexico's intense
process of urbanization and of Mexico City's rapid growth since 1540
followed by a short analysis of the rural sector and of the rural to urban
migration process, Sec‘tioﬁ 3,2 deals with the relationship between
housing and urban growth, Several hypotheses about the relationship
between demographic growth and the housing problem are tested for
correlation. The following section deals with some aspects of the
employment situation in Mexico City, providing background information
for sectiom 3.5 which looks at the relationship between family income and -

housing costs, Some conclusions are then drawn in the final section,
3,1, THE PROCESS OF URBANIZATION

Mexico, like most developing countries in the world, has been
undergoing a rapid process of urbanization consequence of the political,
economic, and technological changes that have been taking place since
the beginning of this century. It can be said that the process of
urbanization has gone through two phases, a relatively slow one from

1900 to 1940 and a rapid one from 1940 to 1970,
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During the first phase the nation's urban population increased
from 1.4 million to nearly 4,0 million, Consequently, the proportion
of the population living in urban areas increased from 10.5% to 20%
during that period. In almost dramatic contrast, during the second phase
of urbanization the nation's urban population increased by 18,1 million
people; that is over seven times as much as the increase registered

in the first phase which is ten years longer,

Between 1940 and 1970 the proportion of the population living in

urban areas increased from 20% to 45% . (See table 3.1)

Looking at individual city growth it is interesting to observe that
social growi:h1 has accounted for an important proportion of most cities
population increase. For example, cities like Acapulco and Tijuana had
average rates of social growth of 6,4% and 3.7% during the period

1960 - 1970, (See table3.2)

However, it should be pointed out that natural population growth has
been very high and that the overall increase at city level can be

generally accounted for more in terms of natural growth than in terms of

social growth, (See table 3.2)

1 Social Growth is defined as the net difference between inmigration

and emigration over a given period of time,
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ABIE 3

MEXICQO'S TOTAL AND URBAN POPULATION* (1960 - 1970)

TOTAL (1) URRBAN (2)
POP, POP, (2) / (1)
1900 13,607,000 1,434,000 10.54.
1921 14,335,000 2,100,000 14,65
1930 16,553,000 2,891,000 17,47
1940 19,649,000 3,928,000 19,99
1950 25,779,000 7,210,000 27.97
1960 34,923,000 12,747,000 36,50
1970 483382,000 21,004,000 43,41
SOURCE: L.UNIKEL et al, “El Desarrollo Urbano de México®

El Colegio de México, 13976.

b

* Centres of 15,000 or more people.
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TABLE 3,2

’

AVERAGE ANNUAL RATES OF GROWTH (TOTAL, NATURAL AND SOCIAL) OF FORTY | MEXICAN CITIES

1940 -~ 1970

1960 - 1970

Total Natural

1950 - 1960

1340 - 1950

Total Natural

CITY

Social

Total  Natural Social

Social
-1.3

4,0 -0.3

3.8

3.7
4,2

~0,4

3.4
4,2

2.6
2.8
2.3
3.2

1. Aguastalientesl 3

05

4,9
4.8
2,2

9.1

8.3
g.1

=Q.9

11.0

2. Mexicali
3, Tijuana
4, La Paz

3.7
2.5

3.9
3.9
3.4
3.9

4,1

7.6
6.4
4,7

3.9
3.8

8.7
6.0

2.3
2.9
5.2
3.4

11 .4

26

o
&

~4

~0.2

-0.,1

3.0

5. Campeche
6. Torredn

7. Saltillo

8.

O o,

e @

~ O

2.3
5.0
1.0

3.8

3.5 _003
3.3 0.1

3.2
3.4

2,1

~0.3

3.1
3.7

-3.0

4,0

Matamoros

[$s]

~1.1

5.0
3.2
3.0

3.9
4,2
3.7

0.4
4,2
3.0

2.4
2.0
2.6

2.8
6.2

5.6

9, Colima
10. Manzanillo

()]

1,0
0.7

1.4
946

3.5

4,9

11, Tuxtla Gtez,

12, Venustiano C.
13, Cd, Juarez
14, Chihuahua

L5
105
2,2
2.8
-0,2
~0.6

3.0
3.5
3.0

4,5
5.0
52
5.6
3.4
2,7
11.4

4.4
2,8
1.9
2,2

2,8
2,5
3.0
3.0

7.3

6.7

1.9
2.2
1.7
2.9
3.0

4,2
S.4
4,9

5.7

2,0

ﬂ(

15, Cd. Mexico

16, Leon

247
3.6

592

2.0

1,7
0.0
0,3

Lo}

4,2
0.1
9.6

17, Irapuato
18, Guanajuato

19, Acapulco

3.3
5,0

1,9
5,0

1,9
5,3

-2,1

2.0
3.4

6.4

6.2




TABLE 3,2

(Continue)

1950 - 13960 1960 - 1970

1940 - 1950

CITY

Social
-1,4

Natural

Total

Natural Social

Total

Social

Natural

Total

4,0
3.2

2,6
5.2
S.l
4.5
7.4
5.0
3.8
4.4
S.1
5,1
3.8
5.0
5.8

2,2

3.3

1,1

1.7

1.0
4.9

20, Pachuca

2,0
OOS
0.8
4,5
1,9
0,9
0,7
201

1.9
2.4
1.6
1.9
2,6
297
2.4
0.9
2,1
243

21, Guadalajara
22, Toluca

1,1
1.7
1.7
4,2
1,2
3.2
0,8
0.4

~0.9

4.1

-0,4

3.7

~3*

2.0
6.2
0.7
-1,0

3.6
8.1

23 ., Morelia

2,3
3.3
2,6
3.1
1.8
2,7
3.2

4,0
745
3.8
6.3
2,6
3.1
2.3

24, Cuernavaca

25, Tepic

3.1
2,9
3.7
3.0
3¢5

3.3
1.7
6.0
4,5
3.8
4,9
2,6

27

26, Tuxpan

3.6
3.6
1.7
2,6
OQS
1,7

27, Monterrey
28, Puebla

29 , Queretaro

4.3

30, Sn, Luis P,
31, Mazatlan

T <

2 &

3.6
4,3
3.8

300
1.9
3.7
1,8
1.6

~0.3

2.8
3.7

2.1
3.3
3.0
2,8
1.8
2,0
2,0
1,2
1.9

5.0
8.0

32, Los Mochis

2.3
0,63
2,8
1,3

6.1
5,1
6.1

745
5.9

5.0
4,5
1.3
0.0
4,6
242
1.9
-1.4

. Hermosillo
34, Guaymas

33

4,8
3.3
3.1

4,1

743
3.2
2.0
6.6
3.4
3.8
1.0

2,8
2,9

<3

. Villahermosa
36, Tampico

35

2,6
4,6

2,8
2,6
2,6
3,9

4,9
4,1

37, Nvo, Laredo
38, Veracrugz
39, Merida

1,4
=0,3

2,1
-0,7

1.6
245
3.4

o

1,8

0.3

4,8

~0,7.

2.4

40, Zacatecas

L,UNIKEL et al "El Desarrolle Urbano de México", El Colegic de México (1976)

.
®

'SOURCE



3.1.1, Expansion of Mexico City

Before saying anything about Mexico City's urban expansion it is

important to make clear what is understood by the term " Mexico City",

According to the 1970 “ley Orgénica“% Mexico City is the
geographical area {having an approximate area of 1500 Km? .) made up
of the following sixteen administrative units called "delegaciones™:
Azcapotzalco, Coyoacan, Ixtapalapa, La Magdalena Contreras, Milpa
Alta, Alvaro Obregdn Tlahuac, Tlalpan, Xochimilco, Cuauhtémoc,
Venustiano Carranza, Miguel Hidalgo and Benito Iuérez. (See Table 3 .3)/
Since the political limits of Mexico City (or Federal District as it is .
sometimes referred to) do not correspond with the limits of the bu_ilt up
area, mainlyA because those of the latter have extended beyond the
northern limits of the former, Mexico City's built up area is generally

identified as .Mexico City's urban area, (Map. 3.1)

Thus in order to avoid confusion we shall adopt the official
definition of Mexico City (M.C,) given above and refer to its entire

built up area as Mexico City's Urban Area (M.C.U.A.).

It is generally accepted that Mexico City has gone through three
stages of urban growth, The first one cévers the period between 1900 -
1930; the second stage the period 1930 - 1950, and the last one from

1950 to 1970. (UNIKEL, 1976)

2 ley Orgénica del Departamento del Distrito Federal, Editorial

popular del DDF, México 1971,
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TABIE 3.3

MEXICO CITY: POPULATION OF DEIEGATIONS

(1970)
DELEGATIONS POPULATION
Azcapotzalco 542 994
Coyoacan 319 794
Cuajimalpa 37 210
Gustavo A, Madero 1 224 536
Iztacalco 480 412
Iztapalapa 555 980
Magdalena Contreras 99 881
Milpa Alta 34 172
Alvaro Obre‘gon 501 856
Tlahuac 64 454
Tlalpan 149 335
Xochimilco 119 079
Bentto Juarez 589 867
Cuauhtemoc 925 752
Miguel Hidalgo 604 623
V. Carranza 747 513
TOTAL 6 997 458

SOURCE: Censo General de Poblaci6bn 1970, and "Estudio demografico
del Distrito Federal®, vol, 1. Centro de Estudios Econbmicos

y Demogréaficos de el Colegio de México, (1970)
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During the first stage population growth was relatively slow with
an increase of less than a million people in 30 years, In 1900 the
population of Mexico City was 542 thousand, by 1930 it had increased

to 1,223 thousand.

In the second stage population growth was due more to social
growth than to natural growth - it was the result of rural urban migration
especially in the period 1940 - 1950, It is in this period that some
important changes begin to take place such as the process of
suburbanization and a rapid expansion of the CBD. Between 1930 and
1950 population rose from 1229 to 3050 thousand, almost three times

the increase registered in the first stage of growth,

Over the last period (1850 - 1970) Mexico City had an staggering
increase of 3,917,000 people. This means that in 1970 Mexico City

had a population of approximately 7 million people., (See table 3,4)
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TABLE 3,4

MEXICO CITY POPULATION GROWTH 1900 - 1970

(Thousands)

ABSOLUTE

POPULATION INCREASE

Aston University

Content has been removed for copyright reasons

SOURCE: " (Censos Generales de Poblacidtn” and "Din&dmica de
la Poblaci®dn de México, El Colegio de México" (1970),
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If we look at the expansion of the MCUA it i{s interesting to

observe that since 1900 a considerable proportion of the nation's urban

growth has been generated there, For example, during the period 1940~

1950, 40% of the nation's urban population increase took place in the

MCUA. In the following decade this proportion decreasedto 36 ,8%

but went up again to0 37,.2% between 1960 and 1970. (See table 3.5)

TABIE 3,5

URBAN GROWTH OF MEXICO AND MEXICO CITY'S URBAN AREA

1900 - 1970
(1) URBAN (2) MCUA'S (2) / (1)
PERIOD POP.INCREASE INCREASE o

Aston University

Content has been removed for copyright reasons

SOURCE: L.UNIKEL et al "El Desarrollo Urbano de México",
El Colegio de México 1976.
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It is also interesting to observe that between 1940 and 1970 no

less than 38.0% of the MCUA growth was due to immigration, mainly

rural immigration,

In the period 1940 - 1950, one of intensive rural urban migration
68.9% of the MCUA'S growth was accounted for by immigration, 'I“his
percentage fell during the following decade to 38.3 but went up again
to 43 .,2% in the period 1960 - 1970, (Table 3.5):

TABLE3,6
MEXICO CITY'S URBAN AREA: NATURAL AND SOCIAL GROWTH

Aston University

Content has been removed for copyright reasons

SOURCE: L,UNIKEL et al, Op. Cit,
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3.2, RURAL BACKWARDNESS AND THE DRIFT TO CITIES

We have seen in section III.1 that between 1940 and 1970 no less

than 36% of the UAMC's growth was accounted for by immigration.

Since it is widely known that the main component of the migrant flow

is rural, then a relevant question ta ask is what are the main causes

behind this phenomenon. This question is the subject of considerable
debate 39 However, a superficial examination of the agricultural sector
of Mexico suggests that rural to urban migration must be highly

affected by the low levels of labour productivity and the corre sponding

low levels of income generated in that sector,

The agricultural sector of Mexico is made up of two main sectors,
One highly modemized in which the use of sophisticated capital intensive
technology is widespread, This s.ector produces about 45% of total
agricultural production on 20% of thé total crop land, Not more than 7%
of the existing total number of farm units can be counted as belonging to

the modern sector,

In contrast there is the traditional sector which can be divided into
two : the {raditional semicommercial and the subsistence sectors, The

former is relatively more commercialy orientated than the latter and uses

3 For a good discusion and summary of the literature on the subject see

SINCLAIR (1978),
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some of the technology that is taken for granted in the modern sector,
Levels of productivity, however, can be as low as five times below
average levels in the modern sector, About 40,5% of the existing

farm units can be found in this group,

The subsistence sector which accounts for 52 ,4% of the existing
farm units is made up of small farms cultivated by rural families mainly
concerned with producing enough corn and beans for themselves., Only
a fraction of their production is channelled to the market place. About
55% of the total agricultural production is produced between the
semicommercial and the subsistence sectors on 80% of crop land,
Underemployment in these sectors is quite considerable. It is estimated
that of the 5.1 million people making up the total labor force in the
agricultural sector about 3 .5 million are underemployed; that is over 68%

of the labour force of that sector (WELLHAUSEN, 1976),

This s-ituation obviously affects the prospects of a young rural
worker who finds himself unemployed for long periods of time and has to
share most of what he produces with members of his generally large
family. Underemployment. however, is not enough to explain the decision
to migrate because underemployment in a rural area can be more tolerable
than unemployment in a big city. The answer to this question suggested
by TODARO (1970) is that in the long term the benefits of migration
exceed the cost, TODARO argues that the decision to migrate is a
function of the expected long term income gain of an urban job weighted

by the probability of finding such a job, Thus, if the prospects of a
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rural job are poor in terms of the expected incomes over a given horizon
and those of an urban job better over that same time horizon, then the
decision to migrate is sensible even if it involves being unemployed

for some time after the arrival to the city,

This theory has not been tested for Mexico City yet, However, the
fact that the majority of the newcomers to the city are young people
willing to put up with the adversities of urban life can be seen as an
indication of the fact that they feel confident ~perhaps through the
experience of other rural migrants~ that in the long run they are able to
succeed and find a permanent job in the so called “formal” sector of
the economy and therefore secure for themse»lves a higher income than

they would have obtained had they stayed in the rural sector,
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3.3. HOUSING CITY SIZE AND URBAN GROWTH

It is clear from the preceding sections that Mexico City in common
with most of the important cities of Mexico has grown very rapidly in
recent years, In this section we look at the relationship between

rapid urban growth, city size and the housing problem,

It is quite often argued that city growth due to natural population
growth and rural to urban migration is one of the main causes of the
housing problem of Mexico City and other cities in developing countries,
The demographic argument suggests that houses cannot be built at the
same rate as the rate of household increases over time, From this
situation, it is said, an increasing gap between the number of housing

units that exist and those needed arises,

Along with this argument the 'too big a city' argument is also put
forward, It is said that housing problems are more acute in big cities
than in smaller ones, because housing needs are greater in the former
than in the latter, How valid are these arguments? In order to test

such arguments several hypotheses were tested for correlation,

Before talking about the results of the correlation test it may be
important to explain what will be here understood by the term® ﬁousing
problem®, To some the magnitude of the housing problem can be simply
measured in terms of standards., For example, it is argued that if it is
assumed that there must be a housing unit for each family then an

indication of the magnitude of the housing problem would be given by

the difference between the number of houses that exist and the number
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of families. Othersargue that the use of such arbitrary standards can

be very misleading since housing is a concept embracing a great deal

more than the housing unit itself, It has to do with other factors as

well, such as location, tenure, etc,

Although there is a great deal of truth in the second view it seems
practical as a first approximation to use rough indicators such as a
housing deficit to measure the magnitude of the housing problem, and
that is how the problem will be approached here, However, the
subject will be taken up later on in the final chapter when dealing with

the problem of developing housing policies,

A recent estimate of the housing deficit of Mexico City and another
172 Mexican cities has been carried out by Garza et al (1978). The
estimated deficit for 40 cities are presented in Table 3.7. Now the
guestion to be asked is this, to what extent has this situation been

created by rapid population growth?

In order to answer this question four hypotheses were tested for

correlation,

HY POTHESIS I. Two samples of data, the average rate of
social growth of forty Mexican cities
(1960 - 1970) and their corresponding
housing deficit rates in 1970, were tested

for correlation,
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HYPOTHESIS 11, Instead of average rates of social growth, global

rates of population growth for each city were

used.

HYPOTHESIS 111, The population of the same 40 Mexican cities

in 1970 and their estimated deficit rates in

the same year were tested for correlation,

HYPOTHESIS 1V, The percentage of city population of 35 cities
from developing countries (including Mexico

city) living in slums and squatter settlements

(1970) and the average rate of population
growth that each of these cities had during
1960 - 1970, were also tested for correlation.
The data used for the analysis is presented

in table 3 .8,

The results of the comrelation analysis are presented in table3 .9,

The followin§ conclusion can be drawn from the analysis:

@

a) Given the obtained low values for r and r2 and the negative sign

of the regression coefficient the hypothesis (1) that high rates of

social growth are the cause of high housing deficits carmot be

accepted.
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TABLE 3.8

PERCENTAGE OF VARIOUS CITIES' POPULATION LIVING IN SLUMS

AND SQUATTER SETTLEMENTS AND THEIR POPULATION GROWTH
1960 - 1970

Percent of City popula-

Ci Rate of tion in Slums and Un-
ity Growth controlled settlements

Aston University

Content has been removed for copyright reasons

Aston University

Content has been removed for
copyright reasons

Aston University

Content has been removed for copyright reasons

SOURCE : Global Review of Human Settlements, United Nations, 1976
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b)
For the same reasons the hypothesis (II) that it is rapid

population growth the cause of a large housing deficit can

neither be accepted.

c) The hypothesis (IT) that city size, as measured by population

is the cause of a large housing deficit has also to be rejected

on basically the same grounds,

d)  As regards the last hypothesis (IV) the obtained values for r
and r2 indicate that correlation is not high enough to support
the argument that the formation of slums and squatter settlements

is a direct consequence of rapid population growth,

For a better appreciation of the non correlation between the

variables indicated above scatter diagrams are presented in figures

(3.1, 3.2, 3,3 and 3,4).

The results obtained are not altogether surprising considering that
Mexico City —the largest city in the counfry and one which absorbed ‘
nearly 60% of the country's total migration during the period 1960-1970~
had in 1970 a housing deficit of 43 .6% (according to Garza's own
estimate) which is considerably lower than the estimated deficit for
smaller cities which had during the same period lower rates of either

social growth or population growth., (See table 3 ,9)
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Given the disproportionate size of Mexico City with respect to the
size of the remaining Mexican cities considered for the analysis it was

thought that correlation between variables in hypoteses I, II and III

might improve by carrying out the analysis without including Mexico
City. As can be seen from table 3 ;10 the estimated coefficients of
correlation did not improve in fact the opposite happened. Only in the

case of the third hypothesis did the correlation coefficients improve

slightly

Thus the preceding analysis suggests that neither population

growth nor city size can really account for either large housing

deficits or the formation of slums and squatter settlements, These
results however must be taken with some reserve as they rely heavily

on the kind of data used for the analysis of correlation, A housing
deficit ‘rate' is no doubt too crude a figure to represent the
multidimensionality of something concisely called 'the housing problem',
As regards the existence of slums and squatter settlements and its
relation to population growth, problems of definition and quantificatior;
cannot be ruled out, considering that the information about their size

and nature was generated in each country.

If neither population growth nor city size can provide any convincing
éxplanation of the housing situation faced by Mexico and other Mexican
cities, what is then the key variable? Many economists have argued
that low family incomes are really the major cause of a housing problem
(GRIMES, 1976). In the following section this point will be considered

but first some aspects of the employment situation of Mexico City will be

analysed. 50
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' 3.4, THE EMPLOYMENT PROBLEM IN MEXICO CITY

3.4.1. Changes in the Employment Structure of Mexico City
- (1940 - 1370)

Over the years the importance of Mexico City as a national centre
of employment has increased considerably, In 1940 only 10% of the

nation's labour force was concentrated in Mexico City. By 1960 this

proportion had increased to 16%, and to 17% by 1970. The capital's
contribution to the nation's output, however decreased from 34% in

1940 to 31% in 1950 and from 37% in 1960 to 36% in 1970. (See table3.11)

TABLE 3,11

MEXICO CITY'S PARTICIPATION IN THE NATION'S GROSS DOMESTIC

PRODUCT AND ACTIVE POPULATION (1940 -~ 1970)

Aston University

Content has been removed for copyright reasons

SOURCE: AP KIRSTEN A de, Producto bruto interno por
entidades federativas, El Colegio de México, and Censos

Generales de Poblaci6én, 1940 - 1970

i
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This rapid increase in the size of Mexico City's labour force has
been accompanied by important changes in the structure of employment,

especially in the period from 1960 to 1970,

In 1940 approximately 32% of the labour force was engaged in
industrial activities and 62% in service activities. As industrialization
began to take momentum during the 50's, employment in the industrial
sector increased to peak of 39% by 1960 and decreased to 58% in the
service sector. By 1970 however, the percentage of the labour force
engaged in industry had decreased slightly to 38% while that engaged
in service activities had increased again to 59% . (See table 3.12)
During 1960-1970 the labour force of the industrial sector rose by 23 .7%
whereas that of the service sector increased by nearly 30%.

TABLE3,12
PERCENTAGE OF THE LABOUR FORCE EMPLOYED IN THE AGRICULTURAL,

TNDIISTRIAL. AND SERVICE SECTORS (1940 - 1970)

Aston University

Content has been removed for copyright reasons

SOURCE 7: Censos Generales de Poblagirén 1940 - 1970 o
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This recent relative decline in industrial employment can to a
large extent be attributed to the introduction of labour saving

technologies and to institutional factors. The increase in service

employment on the other hand is a reflection of the fact that many
of the unskilled workers who migrate from rural areas into the city
tend to look for jobs in the service sector where skills are not so

important.

- 3.,4,2, Industrialization and Employment

During the 1950's and 1960's there was a belief that the only
cure to the problems of rural stagnation and urban unemployment

was industrialization,

In order to achieve industrialization, high public investments
were carried out in Mexico City and other important urban centres
in Mexico., Also considerable fiscal incentives were given to private
investors, For example, the Law on New and Necessary Industries
(revised in 1955) was introduced in 1941, Under this law fiscal
exemptions of 5,7 and 10 years are granted to private investors who
carry out inve stments on what the government defines as "new" and
"necessary"” industries. Although the law applies nationwide, between
1940 and 1960 over 70% of the firms benefited were located in the

metropolitan area of Mexico City (LAVELL, 1972).
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As part of the industrialization programme too, in 1953 a fund was
created to stimulate medium and small firms (Fondo de Garantfa y Fo-
mento a la Pequefia Industria), Although in theory industries located
outside the Metropolitan Area of Mexico City are given priority in the
allocation of credits, between 1953 and 1951 50% of the credits went
to industries located in Mexico City, In 1970 this figure decreased

to 32% (LAVELL, 1972),

The results of this industrialization policy proved very

disappointing as far as employment is concerned,

TABLE 3,13
GROWTH OF INDUSTRIAL EMPLOYMENT AND OUTPUT MENICO CITY
(1940 ~ 1970)

Industrial Employment - Industrial Output
VE AR (Annual growth rate) (Annual growth rate)

Aston University

Content has been removed for copyright reasons

SOURCE: APPENDINI, KIRSTEN A, de, Op. cit,

During the period from 1950 to 1960 industrial output grew at
the very high rate of 11,2 per cent per year, whereas eamploymant
{n that sector only increased at an annual average rate of 5.,2% . In
the following decade employment increased by 2.2 psr cent and

industrial output by 4.2 per cent. {Table 3.13)

[#:23
L%



why has rapid industrial output growth failed to generate
correspondingly rapid rates of employment growth? One very important
factor has been labour productivity growth, which to a large extent can
be attributed to the substitution of capital for labour in production,
Industrialization in Mexico as well as in many other developing
nations has been largely associated with the development of industries
where meéchanization and the use of modern "western® technology has
been widespread, This situation in turn has lead to a gradual increase
in productivity which has meant that less people are needed to produce

the same level of output,

gome economists have argued that an important reason why capital
intensive technologies are preferred in many developing nations where
jabour §8 relatively abundant is that the price of this latter factor of
pfoduciion exceeds its true market value, ELKAN (1974) has argued
that minimum wage legislation can have an important effect on the
lovels of labour sector, this suggests that minimum wages in Mexico
City have probably had an important impact on the utilization of labour
{n that sector, given that from 1954 to 1974 the labour cost index.
,-ﬁcrﬁmsﬁd more than twice as much as did the material cost index,

(Table 3,14 )
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TABLE3,14

BUILDING COST AND PRICE INDEXES IN MEXICO CITY
1954 ~ 1974

Aston University

Content has been removed for copyright reasons

SOURCE : Secretaria de Industria y Comercio

This conclusion, however, cannot be emphasized too strongly as
it is well known that in many cases less than the minimum wage is

paid to workers.




3.4.3, Unemployment and Underemployment: Nature and Magnitude

of the Problem

Both the industrial and service sector of the economy of Mexico
City (and of most cities of developing countries) can be said to be
made up of two subsectors the "modern” industrial and service sector

and the *informal"4 industrial and service sector, The former provides

regular employment to more or less skilled workers and pays them -
regular wages and salaries. The informal sector on the other hand

provides irregular employment to workers who are generally newcomers

in the city and have little or no skills, Incomes in this sector are very
low and irreqular, Jobs in the informal sector may include selling
fruits at the corner of a busy street, shoe cleaning, or working as
syelador® {care—taker) in a building site during the night, Those

workers in the informal séctor can be underemployed in the sense that

they work less (weekly, monthly, etc.) than they would like to work

due to the irregularity of job opportunities.

How many people can be said to depend on the informal sector in
MexicoCity? This is a rather difficult question to answer because
official statistics do not provide any information which could lead to
the determination of this figure. However, a recent study carried cut

in the Metropolitan Area of Mexico City by MUNOZ et al (1970)

4 The concept of the "informal" sector is not accepted by all development

economists. For a critique of the concept see SINCLAIR (1978).




revealed o
that about 24% of the labour force was engaged in "marginal

activities" whi s '
ities" which can be said to correspond to those of the informal

sector described above. If we add this figure to the unemployment

figure provided by the National Census of 1970 the proportion of the
labour force unemployed and underemployed was in that year, over 30%.

This gives us an idea of the magnitude of the employment problem in

Mexico City.

This study by MUNOZ et al provided other interesting findings
worthy of mention. For example, there seems to be a strong

relationship between period of residence in the Metropolitan Area of

Mexico City and employment status, Those earning the lowest incomes
in the informal sector (in marginal occupations) were predominantly
people with less than 10 years of residence. There also appears to be
an important relationship between age and employment situation. Over
40 per cent of all those working in the informal sector are between 21

and 30 years of age.

Thus in conclusion it can be said that unemployment and underemploy-
ment in Mexico City are probably in the order of 25 to 30 per cent of the
labour force, and that many of those unable to find employment in the

modern sectors of the economy are young new COmers to the cit’y?’

5 Another figure that gives an idea of the magnitude of the underemployment
situation in Mexico City is the number of people reported in the
population Census of 1970 as earning less than the minimum legal wage.
This population amounted to 35% of the economically active population
in1970.




3.5.
S. INCOME AND HOUSING COST

3.5.1,
S.1. Household Income levels and distribution

Family income levels in Mexico City are rather low. According
to the last Household Income Survey (Encuesta Nacional de Ingresos y
Gastos de los Hogares 1977), 28,34 per cent of all families living in
Mexico's Metropolitan Area, earned in 1977 an income equivalent or

inferior to the legal minimum W'ageﬁ, and 57,08 per cent of the families

earned only two times the minimum wage or less (Table 3,15),

TABLE 3 .15
FAMILY INCOME DISTRIBUTION IN MEXICO CITY METROPOLITANA AREA
‘ (1977)
Income Range
gpe SOs earne(% Numl?e’r <?f %
D _six months Families Cumulated

Aston University

Content has been removed for
copyright reasons

2 313 253 100.0

SOURCE: Encuesta Nacional de Ingresos y (Gastos de los Hogares,
primera Observacibn, Sria. de Programacidén y Presupuesto.

1977,

6 The minimum wage for Mexico's Metropolitan Area was 106 .4 pesos

pesos day, in1877.
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As regards the distribution of family incomes it can be shown that
21,75 per cent of th'e families in the upper income groups account for
as much as 47,72 per cent of total family income, or to put it

differently 78.25 per cent of all families share 52,28 per cent of total

family income ( Table 3,16)

TABIE 3,16

INCOME DISTRIBUTION IN THE METROPOLITAN AREA

OF MEXICO CITY (1977)

Income Range Percent of Fa- Income

(pesos) milies Share

1 -10800 5.30 0.61
10801 - 25800 29 .49 78,25 11.50(52.28

25801 - 60500 43 .46 40,17,
60901 ~ 108000 14 .62 21.75 26,31 47 .72

108000 - - 7.13 21 .41

SOURCE: 2Adapted from Encuesta Nacional de Ingresos y Gastos de

los hogares, Primera observacibn; Sria. de Programacidon
y Presupuesto 1977,




In relative terms Mexico City's situation is not so bad if compared
with other Mexican cities. For example the per cent of families
earning 25 800 pesos or less (over a period of six months) is smaller
in Mexico (iity than in Guadalajara and Monferrey, the second and third

most important cities of Mexico, (in terms of population size). (See table
3.,17)

TABLE 3,17
PERCENT OF FAMILIES EARNING 25,800 PESOS OR LESS

(OVER SIX MONTHS)

City PERCENT OF FAMILIES
Mexico 34,84
Guadalajara 39.68
Monterrey 38,43

It is also interesting to note that in terms of average household
income‘s Mexico figures together with Monterrey and Guadalajara as
having one of the largest average household incomes in the country’.,
Besides it may be v;‘orth pointing out that in general average house-
hold incomes increase with city size, something that surely explains
why housing deficits are not nece ssarily greater in big fast growing

cities than in small slow growing ones., ( Table 3.,18)

7 Presumably differences in real incomes are not so great since the

cost of living is generally lower in smaller cities,
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BLE 3,18

AVERAGE HOUSEHOLD INCOME ACCORDING TO CITY SIZE

({ MEXICO 1977)
City Size Average household monetary income
(Population) (over a six months period)

Up to 10 000 11 809
10 000 to 100 000 15 293
more thanl00 000 35 209
Metropolitan Areas of
Mexico, Guadalajara 46 368
and Monterrey
Country 27 740

SOURCE: Adapted from "Encuesta Nacional de ingresos y gastos de
los hogares™, (1977) Secretaria de Programacion y Presupuesto.

3.5.,2, Households Ability TO Pay For Housing

What is the magnitude of the gap between household's incomes and
housing cost in Mexico City? One way of answering this question is

by determining the proportion of households unable to afford the cheapest

new housing unit available in the market,

63
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According to GRIMES (1978) in 1970 the cheapest new housing unit
available in the market hag a cost of 3 005 dollars, He estimated that
S5 per cent of all families living in Mexico were unable to afford it
assuming no down payment and a twenty - five - year repayment period,
and interest rates of 10 per cent. If the rate of interest is assumed to
be 15 percent, GRIMES points out, the percentage of household unable

to afford it increases to 66 per cent,

Now if the 1970 estimated cost of the cheapest new housing unit
is expressed in 1977 price using the construction price inde::»:§3 so as to
determine the percentage of families unable to afford it in 1977 (when

the last household survey was carried out) the following result

emerges,

The housing unit estimated cost in Mexican pesos is 233 747
(9728 dollars), Now assuming the same payment conditions (10 per
cent interest rate, 25 years repayment period, no down payment)
the percentage of families unable to afford it turns out to be over 87
per cent, @assuming as GRIMES does that 15 per cent, of household
income is devoted to housing. This is so because the monthly income
required is 13 555 pesos an'd over 87% of families were below this

9

income level, according to the 1877 Household Income Surveys

8 Indice de Precios del Producto Interno RBruto, a precios de mercado par

tipo de actividad econbmica, Informe del Banco de México 1979,

9 Such a figure is not directly comparable with the figure estimated by
Gmms Lased on the 1968 Household Survey since the 1977 Household

s developed on a very different methodology .

Survey wa y Gastos de los Hogares, Informe Metodo-

(Encuesta Nal, de Ingresos
lbgico, 1977). -




As a result of this situation families have probably been forced
to spend a larger proportion of their incomes on housing. Thus if it
is assumed that households devote 30 per cent of their incomes to
housing instead of 15 per cent, the percentage of households unable
to afford the cheape st‘housing unit decreases to 60 per cent but this

is still higher than GRIMES 59% figure at 15% for 1970. Moreover the

previous assumptions regarding interest rates and repayment periods
are undoubted]’y too optimistic in present éonditions, . Thus the
unavoidable conclusion is ﬂﬁat the proportion of Mexico City's house-
holds unable 'to‘ afford the cheapest housing unit available in the
market, is very large indeed, This situation no doubt explains why

over 40 per cent of the MCUA population lives in squatter settlements,

shanty towns and slums,

3.5,3 Supply Factors

One must no{ however, place all the emphasis on low incomes as the

only cause of Mexico City's housing problem, Supply factors have also

contributed to put decent housing far from the reach of most low income
families,

Building costs for example have been increasing quite rapidly in

recent years, Since 1972 they have increased at an average rate of

24 .2% per year, By constrast the workers cost of living has increased

at an average rate of 19,9 per cent per year
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The rapid increase in land prices that has been observed in
Mexico City over the last decades has also played an important

role in creating a housing problem,

In Mexico City like in many other cities of developing countries
land investment represents a very good way of protecting an individual's
savings against inflation and of making considerably large profits by
just buying a plot of land and selling it a few years later, This
situation has given rise to land speculation and consequently limited
the supply of land that is available in the market for its development .
As a direct implication of this phenomenon, land prices have been
increasing sharply over the last decades, For example, between 1930
and 1958 peak commercial land values rose from 120 pesos m? to
7500 m2 (Avenida Juarez in the city centre). Peak residential prices

on the other hand increased from § = 10 pesos m? to 500 ~ 600 m* in

the same period (Lomas de Chapultepec at the periphery) (FLORES,
1959), According to a United Nations study (1976) peak commercial

values in 1970 were around 21,000 pesos m? and residential peak

values around 2,250 pesos mz.

These remarkable increases in land prices have undoubtedly had
a dramatic impact on housing costs which has hit poor families most,
Tor example, land servicing and raw land costs can account for as

much as 56.1% of the total cost of a single family unit and for as

much as 20.1% of the cost of a multifamily unit loc ated at the periphery

of the city. For a moderate income housing single and multifamily unit

these figures are 41 ,2% and 19.9% respectively, (See table 3.19
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3.6, CONCLUSION

For more than three decades Mexico City has grown very rapidly
partly because a large proportion of the country's migration flow has
been towards the capital city and partly because natural population
growth rates have been very high, Rural - to - urban migration has
made an important contribution to Mexico City's population increase,

but natural growth has had the largest impact,

City size or population growth however do not seem to be key
variables in explaining bad housing conditions in one particular city
as the correlation test revealed through low coefficients of correlation
and determination. A more reasonable conclusion would be that both
factors {population growth and city size) aggravate the problem but

are not its cause,

Immediate causes relate to problems on the demand and supply
sides of the housir;g market., Qn the demand side the key issue is
underemployment and low levels of family income, Over 30% of
Mexico City's labour force is engaged in so called 'marginal

occupations' which explains why family income levels are so low,

According to the last Household Income Survey in Mexico City 57.08

per cent of the families earn monthly incomes equivalent to twice

the minimum legal wage or léss. This implies_that over 87% of the

families are unable to afford the cheapest housing unit available in the

market.
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On the supply side of the housing market the factor which has
probably contributed more than any other to the inflation in housing
brices has been land price increases which have soared over the
last decades, At the periphery of the city (where land prices are

generally lower) land can still account for as much as 55.1 per cent

of overall housing cost,

In the following chapter the relationships between transport
cost, land cost and household location are therefore examined in
order to provide a basis for the examination of housing policies in
Chapter 5 and to explore the possible contribution that modelling
techniques could make to the development and assessment of

alternative housing strategies (chapters § to 9 inclusive),
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CHAPTER 4

HOUSING AND EMPLOY MENT ACCESSIBILITY

The purpose of this chapter is to discuss some aspects of the
relaticnship that exists between employment accessibility and housing.
The reason for dealing with this subject is to provide a thecrical
justification for the housing goal programming model presented in
chapter 7 which is based on the principle that housing agencies in Me-
xico should design their housing policies taking into consideration

accessibility as a very important dimension of the housing activity.

The first section considers the main theoretical approaches to
re sidential location. The following one discusses the relevance of
these approaches to the Mexican case as well as some of the main

planning implications for the location of low income families.
4.1. ACCESSIBILITY AND RESIDENTIAL LOCATION

Several models of residential location have been developed since.
the early sixties. We can however, say that two important and con-
flicting approaches are the "Behavioural” model, developed by
RICHARDSON (1970) and the more traditional "Accessibility - space
trade - off" models developed by ALONSO (1964), MUTH (1969) and

EVANS (1974). We consider the latter approach 'first.
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4,1.1. The Accessibility - Space Trade - Off Model,

According to this theory a household's location within a city is
greatly influenced by the trade-off that exists between living close
to the CBD - facing a relatively low cost of transportation but a re-
latively high cost of housing - and living at other more distant
locations from the CBD =~ involving a relatively higher cost of

fransportation but a relatively lower cost of housing,
The most important assumptions of this model are:

1, All employment is located at the centre of the city.
2, The city is located on a flat featureless plain,

3. The city is large enough so as to make the cost of transpor-
tation an important consideration.

4, land can be bought and sold freely in the urban land market,

S5, The cost of land declines at a decreasing rate with distance
from the city centre.

6. Transport costs per mile are uniform whatever the direction
of travel, However, transport costs increase at a decreasing

rate with distance from the city centre.

In MUTH's model of residential location a household’s optimum

location within a city is determined as follows.
Assume that a household has a utility function U= u (x,q where

q is consumption of housing and x is pourds expenditure on all

commodities except housing and transportation, which it wishes to

maximize subject to a budget constraint,
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y=x+p(k g+ T(k,y)

and that

g=x+p(Kag+T(ky) -y=0

‘Where .

p (k) = price per unit of housing a function of location or distance k

from the CBD.

T= cost per trip, a function of location and income y . for a given

number of trips from the CBD for the household,

Then the first order conditions for household equilibrium are found
by equating the partial derivatives of the Lagrangian function

L= U(x,9 —-. \(g) to zero.

A/ g, = Uy = & =0 Q)
0/ gq= Ug =P =0 B )
l/ak = -(ag, - o )
aii/a; —y-{xtp (g +T k=0 @

Equation (3) states that the optimal location for the household is
that point in the urban area where housing cost decreases (increases)
resulting from a small movement away from (or towards) the city centre

equal transport increases (decreases) resulting from the same movement

i.e, that point where marginal housing cost equals marginal transport

cost - ap, = T -
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This can be illustrated diagrammatically. In fig.4 .1.-qp represents
the marginal housing cost function and Ty the marginal transport cost
function, Since both are determined by distance k, it is at k* miles
from the CBD that -qp. = T} . If the household moves further from the
CBD its savings on housing cost are not enough to offset the correspond-

ing increase in transportation cost, Inversely if it moves closer to the

city centre its savings on transportation cost will not be enough to

off set the corresponding increase in housing cost.
fig, 4.1

Housing and
transport costs

—
the city centre

How is the equilibrium position affected if the household's income

increases? This depends on how its demand for housing and accessi-

bility is income related, i.e. on the values of the income elasticities

of housing and accessiblility. If the household's demand for housing

happens to have an income elasticity greater than one and for acces-

sibility an income clasticity inferior to one the household new optimum

equilibrium location would be at a greater distance from the city centre

than the original optimum location was. Thus infig. 4.2 income
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Increases, ceterts paribus, would shift T, and -qp upward to the right
k** becoming the new equilibrium optimum location, If the demand for
housing of all households living in a city is assumed to be income
elastic a general increase in incomes leads to an increase in housing
consumption on the part of all households and the city spfeads out. The
population will distribute itself so that the poorest households with the
smallest demands for housing are located near the city centre and the

riche st households with the largest housing demands are located at the

periphery.

fig. 4.2

Transport and
housing costs

S Y <

¥ ** Digtance from
the city cantre
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The trade -off model also makes predictions regarding the supply
of housing, It predicts that if certain empirical relations hold the
optimum amount of housing provided at each location i.e. density,is
an inverse function of distance from the CBD, Following EVANS, this

point can be explained as follows,

If it is assumed that a developer wishes to maximize profits and
that the level of profits is a function of the density of development
then if:

T=h d-g- c(d
where T is profits; Py rent payable per dwelling by the future
occupants, which is assumed to be function of distance k from the

CBD; d is density of development; g is land cost, and c building cost

a function of density of development, Then the first order condition
for profit maximization is found by equating the first derivative of the

profit function respect to density of development to zero,

Thus _ci___[l_____-‘-Pk—c‘ (@ =0 (1)
dd
and R =c'(d (2)

Equation (2) states that a necessary condition for profit maxi=

mization is that the rent payable per dwelling at location k must

equal marginal development cost,
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Condition (2) is a necessary but not sufficient one for profit
maximization, If c(d) happens to be a linear function there is no
density development at which profit maximization can be maximized.

Therefore, the second order condition for profit maximization is that

c''{(d > 0 (3)
That is, the second derivative of the cost function must be
greater than zero, i,e, marginal building cost must increase at a

decreasing rate,

This can be illustrated graphically, In fig, 4.3 CM represents

the graph of total costs and OR the graph of total revenues. Both,

revenues and costs, are a function of density., Thus the density at
which profits are maximized is the density at which the difference
between costs and revenues is maximum, This happens at 0 d since

it is at that point where the vertical distance between CM and OR is

greater,

An 1nterestiﬁg result emerges from this analysis, If B changes

d has to change as well if profits are to be maximized, If the expected

revenue increases, density development must increase too,
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fig.4.3

Per unit cost
revenue

® Ravenue

> Per unit cost

Ground rent

Density fig. 4.4

Distance from
0 city centra
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Since expected revenues are directly related to land values and it
is assumed that land values decrease with distance from the city centre
it follows that densities will also decrease with distance from the city
centre, Therefore, population densities within an urban area will be

relatively high in central areas and correspondingly low in peripheral

ones, See fig, 4.4

It is worth repeating that a fundamental assumption behind the
"trade - off" model is that rents or land values decrease with distance
from the city centre, This idea has its origins in the work of
VON THUNEN (1936) who laid out the foundations of modern rent theory.

Very briefly, the theory can be explained as follows,

Any buyer of urban land is able to derive a certain utility from
every site in the urban area and the greater the utility to be derived
from a site the greater the rent an individual is prepared to pay. If

it is assumed that intra—urban accessibility is the most important fe

factor determining site utility, then intra~urban accessibility is

maximized at the city centre, and declines with distance from it,

Thus if accessibility determines utility and utility determines rent,

then rent can be equally expected to decline outward from the city centre,

Obviously if accessibility into the CBD improves due to better

transportation or if employment becomes decentralized, the assumption

that land values decrease with distance from the CBD becomes more

difficult to sustain. Since in many cities this is what in fact has been

happening over the years, a number of urban students have begun to
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question the relevance of trade-off models of residential location
arguing that households do not in fact give so much consideration

to accessibility when making their choice of residence site,

4,1.2 The "Behavioural" Model of Residential Iocation

According to the "behavioural® model a household's location

within a city is chiefly affected by the following factors:

a) The quality of the environment

b) The household's own housing requirements, (type of house, number
bedrooms, existence of garage and garden, preferred area, etc),

The main constraint is mortgage availability, The journey to work

according to the environment model is not an important factor as long

as the house chosen lies within maximum commuting limits,

According to RICHARDSON (1970), the housing preference functicn

takes the form:

Dy, =f (ny, ay)

Where ny is the quality of the environment of the area at location i and
q, the quantity of housing purchased, The household will locate at
that site which most satisfactorily meets its environmental and size

preferences subject to the following constraints:
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Where:

8 = _xiﬁif;ﬁorﬁzggﬁeh/mcome ratio that a building society is
ouseholds of income class 1.

Yy = income of household i,

N = index of envimnmént quality at location m,

e = neperian logarithm,

g = quantity of housing purchased.

d?n = distance between the city centre 0 and location m.

J and Xk are ‘constants, .

dx = maximum commuting distance,

RIC HARDSON (1976) argues that the trade-off model is of little

relevance since accessibility to the CBD is no longer an important

factor influencing most household's choice of location, because the
decentralization of urban motorways and the increase in the level of

car ownership have made suburban locations just as accessible as

those in the centre of the city.

RICHARDSON has also criticised the trade — off model for assuming

that both buyers and sellers have a perfect knowledge of the market.,

4,2, THE REIEVANT APPROACH

Here we shall briefly discuss the relevance of both approaches

~the trade - off model and the behavioural model - to the case of Mexico

City., Because of the lack of empirical evidence our analysis is rather

superficial. This however, seems more appropriate than simply

¢ a theory "works" and that it can be used to make all sorts

assuming tha
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of predictions and policy recommendations,

It can be argued that the trade - off model has probably more o
offer than the behavioural model has as an explanatory theory of
residential locations for a city like Mexico, Several reasons can be

given 1o support this view,

Firstly the assumption in the trade-off model that; employmen‘t is
centralized seems to be justified in the case of Mexico City: over 62
per cent of the total land devoted to service activities (shops and
offices) is concentrated in delegation Cuauhte‘moc, This is 940.,6
hectares out of the reported 1513 ,5 hectares devoted to service activities
in the whole of Mexico City. (Estudio Demogréafico, 1970), The second
largest concentration of service activities as measured by the space
used for such activities is found in the contiguous delegation of Benito
Juarez, Nearly 13 per cent of service floor space is concentrated in

this delegation amounting to over 195 hectares., (See table 4,l1)

The greatest concentration of industrial floor space is found in

delegation Azcapotzalco, where over 24 per cent of all industrial floor

space is concentrated, The following large st concentration of industrial

floor space is found in delegation V.A. Obregon which accounts for over

16 per cent of total {ndustrial floor space, Taken together industrial and

service floor space can he concentrated in only three of the sixteen

delegations that form Mexico City. (See Map 4.1)
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TABIE 4,1

B SR TN

INDUSTRIAL AND SERVICE FLOOR SPACE IN MEXICO CITY

1370 (Hectares)

DELEGATION SERVICE % INDUSTRIAL %

1. M. Hidalgo 102,4 6.77 255.8 7.52
2. Cuauhtemoc 940.6 62.21 203.1 5.97
3. B. Juarez 195.2 12.90 23 .4 0.69
4, V. Carmranza 24,3 1.s~1 46.6 1.37
5. Azcapotzalco 30.9 2,04 824.6 24,23
6. Coyoacan 10.3 0.68 124.,4 3,66
7. Cuajimalpa 1.2 0.00 136.7 4,02
8. G.A, Madero 29,8 1,97 341,2 10,03
9, Ixtacalco 13,7 0.91 318,6 9,36
10, Ixtapalapa 29,1 1.92 462 ,5 13,59
11, M,Contreras 6.9 0,46 1.6 0.05
12, M, Alta NA - NA -
13, V,Obregon 108,5 7.17 548,7 16,12
14, Tlahuac 2,1 0.14 30,2 0.89
15. Tlalpan 10,5 0.69 66,8 1.96
16, Xochimilco 8.0 0.53 18,7 0,55
TOTAL 1 513,5 100,0 3 402.9 100,0

SOURCE: Adapted from

El Colegio de México. 1970
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An additional factor giving support toc the assumption of
concentration is the distribution of the population throughout Mexico
City. In the two central delegations of Cuauhtemoc and V. Carranza,
population residential densities are higher than anywhere else in the
city. In delegatioh Cuauhtemoc where the concentration of service
floor space is greater population residential densities are 31,231.30
inhabitants éer Km?, which is really twice the city’'s average. (See

Table 4.2 and Map 4,2)

It should be pointed out however, that since 1350 the population
of the central delegations of Mexico City B. Juarez, Cuauhtemoc, M.
Hidalgo and V, Carranza has increased very slowly and in some cases
it has decreased. For example, between 1950 and 1970 the population

of delegation Cuauhtemoc decreased from 990,572 to 925,752 people.

(See table 4.3)
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TABIE 4,2

RESIDENTIAL DENSITIES *

DELEGATION POP. / Xm2 o
1. M. Hidalgo 21,800,01 7.29
2, Cuauhtemoc 31,231.30 23,26
3¢ B. Juarez 23,653 .44 4,45
4, V. Carranza 34,133,27 1,44
5. Azcapotzalco 25,656,70 17 .40
6, Coyoacan 12,722,17 2,74
7., Cuajimalpa 6,593 ,84 2.80
8, G.A, Madero 26,416,51 7.95
9, Ixtacalco 33,995.46 6.76
10, Ixtapalapa 11,157.33 10,00
11, M, Contreras 6,232,18 0,17
12, M, Alta NA NA
13, V. Obregon 18,147,52 13,37
14, Tlahuac 6,219.74 0,66
15, Tlalpan 6,766.82 1,57
16, Xochimilco B,432.52 0.54

SOURCE: Adapted from

* Residential Density

El Colegio de México, 1970,
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IABIE 4,3

MEX .
ICO CITY: POPULATION IN DEIEGATIONS IN
DIFFERE NT YEARS |

Aston University

Content has been removed for copyright reasons

TILETTY
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Aston University

Content has been removed for
copyright reasons
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SOURCE : Estudio Demografico del Distrito Federal, El Colegio de

México. 1970
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MAP. 4.2 INDUSTRIAL &

OFFICE FLOOR SPACE, MEXICO CITY 1870
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Thirdl :
Y, the assumption of exXponentialy decreasing land values

from the city centre upon which the trade-off model rests so heavily
is fully supported by a study of land values in Mexico City carried out
by SORDO (1975), By taking average land values of five income-areas

all around Mexico City, SORDO was able to fit a curve of the type

y= ae"PX to each district category. His results are presented in

table 4.4 and illustrated in fig, 4.5,

TABIE 4,4

EXPONENTIAL RELATION BEETWEEN LAND VALUES AND DISTANCE
FROM THE CITY CENTRE FOR FIVE INCOME - AREAS

I 1 1

Aston University

Content has been removed for copyright reasons

,,,,,,,,,, - : — — , 7

SOURCE: J.R. SORDO ‘El Sistema de Valores de la Tierra y la Crgani-
zacibn del Espacio Urbano en la Ciudad de México'

INFONAVIT, Boletfn Informativo nGmero 24, 1975,
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fig-4.5 EXPONENTIAL RELATIONSHIP BETWEEN LAND VALUES AND DISTANGE
FROM THE GITY CENTRE FOR FIVE IRCOME GROUPS. (MEXICO,1370)

Avarage monthly income in pesos

1.Up to 939

2.From 1000 to 1493

3. Frem 1500 to 4999
4.From 5000 to 9998
5.From 10000 and more

in Pesos/m2

Values

Land

Assesad

Distance from
the city centre
(kilometras)
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As man ;
Y case studies show low income families give greater priority
to fa
ctors such as proximity to work centre than they do to the physical

of the housing unit itself, (MANGIN, 1967: TURNER, 1968; FLINN,
1968).,

One question seems relevant at this point though. If proximity to
work is so important for low income groups why then a substantial
proportion of Mexico City's low income households locate at the

periphery in the so called "Colonias Proletarias” far away from the

city centre where most service employment is concentrated?

It can be said that the formation of squatter settlements at the

periphery of Mexico City can be attributed to the following factors.

Firstly, the explosive growth of Mexico City has brought about
a rapid increase in land prices which has encouraged extensive
redevelopment of many parts of the central area (CORTES,1969).
This has meant that quite a few of the old dwellings that used to

provide accommodation for many low income families have been torn

down and replaced by either modern apartments for middle income

families or, as in most cases, by shops and offices,

Secondly, because the size of the middle class is still relatively

small, the suburbanization . by this group does not ensure that the

volume of old dwellings filtered down is big enough to meet the

demands of the lower income groups, as has happened in many cities

of developed countries (ALONSO, 1964).
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Thirdly, rent control on a considerable number of old dwellings
in the central area since 1948 has reduced mobility greatly. Many
families or even single individuals who benefit from rent control find
it very advantageous to stay in these units even if they could afford

suburban locations, These results in an even shorter supply of cheap
housing,

As a consequence of all these factors a substantial number of poor

families has located in the periphery on cheap unserviced land,facing a

long journeys to work,

The trade-off model appears then to be suitable for analysing

residential location decision in a context such as that of Mexico City,

However, one must be cautious when applying the model to predict
actual patterns of residential location in Mexico City and perhaps in
most cities of developing countries, since some of the assumptions
embodied in the model are quite unsuitable for these cities, For example,
the assumption of a free land market is not completely justified, Given
the lack of an efficient capital market, high inflation and tradition,

people in developing countries tend to regard iand investment as a

very secure form of investment, This results in considerable land with-
holding which prevents land from being provided at the right location in

the right time and in the required amount, therefore making it difficult

for the developer to meet housing demands satisfactorily,
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Forthl . ,
Y. the assumption in the behavioural model that intra-urban

transportation is easier and cheaper because more people own cars and
‘urban motor-ways have made transportation from one point of the city to
another quicker is only partially true in the case of Mexico City.
Although the number of cars in circulation has increased over the years
and the transportation network has extended, the benefits of these
changes have accrued mainly to the middle classes who represent a

relatively small proportion of the population, Furthermore, intra-urban

movements of people and goods in Mexico are- costly in
terms of time. The average speed on the main thoroughfares is three times

lower than in cities like London and Paris (BATAILLON, 1970),

An indication of how important accessibility is is provided by the
fact that land prices vary a great deal within small areas mainly as a
function of proximity to main streets and transportation routes. For
example, according to a land survey carried out in Mexico City, the
assessed value of a plot of land at the corner of Avenida Madero and
San Juan de letran (a busy corner in the central city) was 4,500 pesos m 2
but it was ten times lower six blocks from that site because

accessibility to transport was not so good (United Nations, 1870).

A fifth reason why the behavioural model has less relevance than

the trade-off model is that in a city where low income and very low

income hOuseholds predominate such as Mexico, people are not likely

to give much importance to the qualitative aspects of housing.
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Also

SO the assumption of perfect knowledge on the part of house
buyers is unwarranted. The cost of information regarding housing
opportunities in different parts of the city is a very important factor

limiting the choice of households and in particular of low income

households,

Having said that, we can conclude this section by saying that
the basic predictions of the trade—off model are relevant mainly
because employment is still highly centralized and therefore
accessibility still plays an important rule in households location

decisions,
4.3, PLANNING IMPLICATIONS

To understand why people locate where they do is of considerable
importance to the urban planner given that housing is the most important

type of urban land use. RICHARDSON (1970) points out:

v The implications for planning of how households decide where tO
live cannot be overemphasized, especially in an age characterized by

increasing job mobility and growing overspill problems, In a situation

where jobs cannot be decentralized far enough, then the appropriate

pre scription for transportation planning from travel-cost minimization

models is to improve speeds and reduce costs, and for the planning of

housing to build at very high densities as centrally as possible., On

the other hand if households locate primarily to satisfy housing

preferences, then more emphasis should be given to supplying the type

of houses people want in the kind of environment and area they desire;
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this might be more important than marginal reductions in travel time. .
.. «Knowing why people choose to live at particular locations and
understanding the role played by the journey to work in these decisions
is of fundamental importance to. planners, helping them to answer such
questions as: How far is it necessary to encourage

decentralization of employment? What types of housing should be
built and where? How should the allocation of investment priorities
between, say, improving suburban environments and making the
fransportation network to the central city more efficient be determined?

oae“ (poZB)

Our analysis suggests - that in order to mitigate Mexico City's

housing problem it would be necessary to provide as much low coOst

housing as possible at central locations since it is there that most
employment concentrate, Is this feasible? This is a difficult question

to answer because obviously there are many factors to consider,

In chapter 6 we have developed a goal programming model which
can be very helpful in providing answers to this question since the

proposed model deals with the situation where two conflicting objectives

exist: The objective of providing housing at the lowest cost to ensure

maximum dwelling space subject to the limit imposed by the ability to

pay of individual households; and on the other hand the objective of

locating households as close as possible to the city centre where

employment 18 concentrated so as o minimize household's transport

cost, Therefore a conflict exists between these two goals because the
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former
goal would {
m
ply the promotion of housing constru
nstruction at

peripheral lo
cations where the cost is relatively 1
e Y ower,

95




CHAPTER S

THE GOVERNMENT AND THE HOUSING PROBLEM

The purpose of this chapter is to briefly describe the activities of
the main public agencies set up throughout the years by successive
governments to cope with Mexico's growing housing problem, as well
as to discuss the argument that a new approach such as 'self help!
may have to be instituted in order to ameliorate Mexico's housing

problem,

Looking into the structure and performance of the agencies which

directly or indirectly promote the construction of low income housing

in Mexico and Mexico City is necessary and relevant because the goal
programming methodology presented in Chapter 7 has been precisely
developed to be used by agencies such as the existing ones to assess
alternative housing strategies. In point of fact the methodology was
tested using data provided by INFONAVIT, currently the largest publicu

housing agency that exists in the country.

It could be argued that by developing such a methodology an implicit

acceptance exists of conventional policies towards housing the poor

i,e. public housing. This is not necessarely so since the methodology

can be easily adapted to be applicable in a different policy or

institutional context as long as it is recognised that there is a need foran
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‘optimal® al i -
P location of scarce (public or private) resources and also the
importance of making an optimal use of the urban space within a

metropolitan area, such as Mexico City

Having said that it seems rélevant enough to make a brief but critical
comparison of the public housing approach with the so called 'self-help
approach, currently the most popular alternative proposed for dealing
with the housing problem in developing countries, in order to emphasise
the fact that the former approach can be a viable alternative if some
more realistic actions are adopted and that the latter is by no means

free of problems and unfavorable side effects.

5.1. LOW COST HOUSING BUILDING AND FINANCE

It can be said that over the years the participation of the government

in the construction of low cost housing has increased considerably

particularly since the early 1970's. During the forties public construction

in the country amounted to no more than 2,500 units per year compared to

19,500 units built annually by the private sector. In the 1960's public

construction increased to just over 6,000 units per year compared to

52,000 units built by the private sector.
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This situation changed quite dramatically in the early 1870's as the

volume of public construction increased to 18,352 units per year. (see

tableS ).

Not withstanding the growing participation of government in the house
building process, the largest amount of new housing units is still being
supplied by the so called 'popular sector, that is by low income families
who build their houses themselves. It has been estimated that since
1950 the Popular Sector share in housing construction has been over 60%
(table5.2). This means that the private, as well as the public sector,
is still some way from playing a key role in housing construction,
Nevertheless it is relevant and interesting to make a quick survey of the
performance of public agencies in this field. The functions of these

agencies are briefly as follows.

a) The National Housing Institute (Instituto Nacional de la Vivienda)

The Institute was set up in 1954 to promote and organize all housing
programmes. In tenyears (1954 - 1964) it built only 10,000 low cost

dwellings and, as many observers have pointed out (GERMIDIS, 1972)

it failed arguably tO satisfactorily coordinate the housing programmes

{t was supposed to coordinate in accordance with a National housing

policy. Over the years its importance has diminished considerably

mostly due to political changes. Inrecentyears the I.N.V. has tended

to concentrate its efforts in the rehabilitation of deteriorated dwellings

rather than in housing construction.
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b) The National Bank of Public Works and Services, (Banco Nacional

de Obras y Servicios Piblicos). This Bank was established in 1953.
Initially it had only advisory functions concerning low cost planning
and construction. After a reform in 1966 its functions embraced the
construction and finance of low-cost housing units. Since the Bank
was established, about 22 000 low cost dwellings have been built,
12,000 of which are concentrated in the Nonoalco Project carried out

in Mexico City.

Over 90% of the Bank's resources have been chanalled to Mexico
City where most of those benefitting have been middle income families.

(Table 5.,3)

c) The Institute of Social Security and Services for State Workers.

(Instituto de Seguridad y Servicios Sociales de los Trabajadores del
Estado). The Institute was set up in 1925 as the Office of Civil
Pensions and Retirement. From 1925 to 1972 approximately 35,000

dwellings were financed by I.S. S.T.E. Since 1972 the housing

activities of 1.,8.S.T.E. are carried out through a trust fund called
F.O.V.I S.S8.T.E. In1973 the trust fund financed approximately 4,000

dwellings, nearly 30% of which were built in Mexico City.

d) Department of the Federal District. (Departamento del Distrito

Federal, DDF). The Department's main functions are those concerning

land use planning and control, the provision of urban infrastructure as

well as the administration of real state tax revenues and rates, generated

within Mexico City. Most of the houses built by the Department are
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either to acco
commodate DDF employees or to relocate persons displaced

by redevelopment programmes Between 1970 and 1973 the D.D.F.

promoted the construction of 27,080 units in Mexico City. This is 36

per cent of the total number cf dwellings built by government agencies

in the whole nation during that period.

It is worth pointing out that within the D.D.F. a specific department

exists called General Direction of Popular Housing (DGHP) aimed at

building very low cost housing projects.

The sort of houses built by the DGHP are both cheap and flexible in
that families can increase the size of the house, which occupies a
relatively small proportion of the plot of land on which it is first built.
Many of the families benefited through this program are those who
generally are not reached by conventional housing programs. (e.g. those
living in ‘ciudades perdidas’-shanty towns= ). However the number of
families benefited is proportionately very lowv considering the size of
this group of families. (see Chapter 1). Between 1972 and 1975 over 34
+housand dwellings were built by the DGHP, 47 .8% ‘of which benefited

families living in 'ciudades perdidas’. (Table 5 A)

e) The Mexican Institute of Social Security. (Instituto Mexicano del Segu-

ro Social), It was setupin 1943. Its participation in the overall Supply

of low cost housing was never important since this is not what the

Institute was set up for. However, it was responsible for the construction

of 9,467 units between 1952 and 1962, After 1962 further construction was

halted.
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In spite of the activities of these public agencies, it was clear by
the early 1960's that their achievements were having very little
impact on Mexico's housing problem. Between 1950 and 1960 Mexico
City's population increased by 60 per cent while the housing stock
increased by only 44 per cent. Of the total increase of 276,000 units

during this period, only 19,000 new units were built by public agencies.

(FRIDEN 1965}

As a result in 1962/1963 a series of legislative reforms were
introduced aimed at promoting and implementing low-cost housing

programmes. These reforms included:

a) Incentives to private banks in order to involve them in the finance of
low cost homes., Private banks for example, were allowed to increase
the proportion of their loans to 80 per cent of the dwelling's value,
Financial institutions were authorized to channel 30 per cent of their

new mortgage bond issues as credit for low-cost housing construction.

b) The creation of the Operational and Bank Discount Housing Fund (Fondo
de Operacibn y Descuento Bancario a la Vivienda -FOVI) and the Fund

for Dousing Loans (Fondo de Garantia'y Apoyo a los Créditos para la

vivienda - FOGA) .

FOVT s main functions are to provide financial support complementary

to that provided by private banks as well as the supervision of

programmes.
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The FOGA was set up to assist private banks when buyers are unable to
advance the required down payments (20 per cent of house with a

maximum value of 117000 in 1975), or in cases of default.

c) Ancther innovation was the establishment of a compulsory system of

life, disability and property risk insurance.

The impact of these reforms has been neligible in the whole country as
well as in Mexico City where most of the credits have been granted.
Between 1964 and 1974 the FOVI/FOGA programme accounted for less
than ten per cent of the total number of dwellings built during that period,
In view of the mediocre results obtained under the FOVI/FOGA programmes,
in the early 70's three Trust Funds were created to promote low cost
housing construction in the country. The se are the National Housing
Workers Fund (INFONAVIT), the National Housing State Workers Fund

(FOVISSSTE), and the National Housing Militars Fund (FOVIMI).

Given that the functioning of these three funds is very similar and that

the INFONAVIT fund is the most important in terms of the volume of

construction, only the activities of this fund will be described in detail
presently.

The creation of these funds was born from the need to make employers

fulfil what under article 123 of the Mexican Constitution represent their

obligation to provide decent housing for their employees.
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The Natio 1 ;

nal Housing Workers Fund concentrates on the construction
of low cost housing for all kind of workers except state workers or
militars whose housing needs are looked after by the National Housing

State Workers Fund and the National Housing Militars Fund respectively.

The National Housing Workers Fund, operates basically as follows,

INTONAVIT resources come from over 240,000 firms from all over the
country in which more than four million persons work, These firms are
required to make a monthly contribution to the fund equal to 5% of the

amount paid in wages and salaries to their workers,

The se contributions are formally delivered by the employers to the
Exchequer., The funds are transferred to INFONAVIT after an individual

account for each worker has been opened.

INFONAVIT is responsible for managing the funds through a Board of
Trustees in which three groups are represented: the workers, generally by
trade union leaders, employers and government officials, All policy

decisions have to be approved by this Board.

INFONAVIT operates through two programmes, internal and external
programmes. The former implies a direct involvement of INFONAVIT in
the actual construction of the developments. The latter, on the other hand
implies that INFONAVIT supervises the construction of the houses or even
acquires them after they have been built by a private developer, Over 80%

of the houses provided by INFONAVIT corre spond to internal programmes,

mainly because in this way the profits that have to be paid to the private

developer are eliminated.
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With respect. to the origin of resources it should be pointed out that
in 1974 over 50% of INFONAVIT's resources came from the Mexico City
region which together with the contribution of the State of Mexico
amounted to what thirty other states were able to contribute in the same
year, On the other hand, however, only 49% of the credits were granted
in Mexico City and the state of Mexico, This reflects INFONAVIT ‘s
policy to favour backwarded regions most and also to discourage migration

from those areas into Mexico City, (Table §5.5)

One of the most important decisions INFONAVIT has to make concerns
the allocation of credits among applicants, This decision is based on
an analysis of the 'information cards'., This cards contain information
about the age and occupation of the applicant, its income, number or
dependents, and so forth, Priority is given to workers earning the
minimum legal wage, In 1974 and 1975, 50% and 52,6% of the credits

were given to families earning between 1,0 and 1.5 times the minimum
wagel, (Table 5.6)
When a credit is granted to a worker by INFONAVIT, 40% of the deposits

made by his employer on his account (up to that time) are taken as down

payment, Since the employer has to carry on making the contributions,

after the credit has been granted these are taken as part of the payment

the worker has to make to repay the credit.

1 One of the most relevant aspects of the goal programming methodology
presented in Chapter 7 concerns the possibility of exx?lc?ring the
implications of adopting an strategy basefj on the prorv1§10n of houses for
the lower income group of applicants against the Op9051t strategy of
favoring the higher income groups of a}pplicants, or 1n§eed the compromise
or intermediate alternative. Each policy option has different imp}lcatlons
in terms of the amount of subsidies that have tq be paid, depending on
the type of families that are penefited by & pa_rtlcular programme ,
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The amount that each worker has to pay to INFONAVIT monthly depends
on its wage, For example a worker earning between 1 and 1.25 times
the minimum wage has to make a payment equal to 14% its wage. A
worker earning more than 1.25 times the minimum wage has to pay an

amount equal to 18% its wage. The rate of interest is general and

fluctates around 4%,

Since the preation of INFONAVIT (1372) the annual volume of
construction has been of roughly 25,250 units. Nearly 40% of these units

have been built in Mexico City.

The typical form of construction that INFONAVIT builds are ‘conjuntos
habitacionales'., These are blocks of flats of two, three and even five
stories. Because of the high cost of urbanized land the ‘conjuntos® are
generally located at the periphery of the city, where land is cheaper,

specially when it has not been urbanized‘,2

2 For example the cost per square metre of urbanized land in the
central area of Mexico City is of $900,00 (mexican pesos)
whereas in the periphery the cost per square metre of non urbanized

land can be of $25 .5 .




the allocation of credits among applicants as well as the location of
the conjuntos are two important and related decisions that INFONAVIT
has to take. These however are not the product of what might be termed
a general strategy based on an efficient allocation of resources, Each

project is evaluated individually, generally in terms of its cost which

tends to favor low density kind of developments at locations where land

is relatively cheaper§

Will the INFONAVIT programme have a real impact on Mexico City's
housing situation? Some people think that it will, some that it will not.
Now if public housing is not the answer to the country's housing problem
and particularly to Mexico City's housing problem, what are the

alternatives?

5.2. SELF HELP .

Different solutions have been proposed to improve the effectiveness
of housing policies., Some people have called for more housing inve stxr{ent
and heavier subsidies, Others have called for a more extensive use of
modern building technology like prefabrication, But by far the most

controversial approach to housing the poor is SELF - HELP HOUSING, that

is that people should be directly involved in the actual construction of

their dwellings, Itis claimed by the supporters of this pclicy that the

3 This is another important aspect of the housing problem which is
considered in the evaluation methodology pre sgnted in Qhapter 7 1,e,
The trade off that exists between housing fami}les at points where land
is relatively cheaper but transport costs are higher and the alternative
option of housing them at points where land is relatively costly but

transport cost are lower.,
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effectiveness of public housing has been and will contihue to be very
limited because of the magnitude and nature of the housing problem.
The volume of resources required to meet the housing needs of most
developing countries in the conventional way i.e. public housing, it
is argued, is beyond the economic possibilities of most developing
countries, The answer to the so.called ‘housing crisis' is in the
hands of the dwellers themselves and the government role should be
limited to the organization and planning of squatter settlements., Thus

PAYNE (1977) observes:

" The Third World does not in fact have a housing problem at all,
since the mass of the people have always housed themselves and are
perfectly capable of still doing so even in the changed environment
of large cities, What does exist is a problem of land use and resource

planning - in short a settlement problem®”.

Clearly the key to the discussion rests in how one defines the housing
problem, One may Or may not be concerned about the fact that many of.
the dwellings that are built by squatters are very vulnerable to fire
flooding and ecarthquakes, and that they do not provide a healthy

environment for family development, since the dwellings generally consist

of a single room in which all the family has to carty out its activities,

The fact that forty per cent of Mexico City's built up area is made up

of districts in which self-help building activity is the normal method of

house construction gives considerable support to the point that people are

able to house themselves. However, one must consider the implications
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of a self- 151 i
help housing policy more closely because the fact that people

are being forced to house themselves in very hard circumstances does

not necessarily mean that it should become a housing policy.

According to TURNER (1969) who has been leading the self-help school
for several years the advantages of a self-help policy are many, but a
very important one is that it gives people the freedom to build their
houses gradually as their incomes rise, and become more stable, TURNER
argues that low income households are divided into two_groups with
different housing priorities, On the one hand there are the ‘bridgeheaders’
who are unemployed or underemployed and therefore have a very low

income, On the other hand there are the "consolidators” who have a

regular employment and have higher incomes, According to TURNER the
former group's housing priorities are, in order of importance: location,

tenure, and shelter, Since the bridgeheader's main problem is finding

regular employment proximity to work is crucial, Tenure is important
only in the short term and the material standards of shelter and services
are at that stage of little importance, The low income consolidator on
the other hand, puts tenure above location but still places shelter at the
bottom of the lisf. However, TURNER argues, once tenure is secured the

consolidator begins to improve his dwelling and eventually turns it into

a good standard unit.

The direct policy implications of TURNER's argument are that the

government should provide bridgeheaders with cheap land at very

accessible locations, and provide consolidators with cheap serviced land

o as to enable them 0 M without having to worry about the

114




legal as .

d pect of landownership., The term given to this sort of approach
113 3

is "sites and services" because the government only provides the site

and the services but the construction of the dwelling is the responsibility

of the household,

TURNER argues that public housing forces most low income households
to maximize their expenditure on housing and that it very often forces

them to live in unsuitable locations,

Using one of his case studies from Mexico City, TURNER (1976)

describes the impact of a public housing project in the following way:

"Before relocation in the Vicente Guerrero public housing project the

family (previously resident in a shanty town) supported itself from a small
shop serving tourists and from the elderly husband's irregular employment
as a semi-skilled mason, The family had & low income but with low

housing and transportation expenditures it was able to eat reasonably well

and maintain a fair level of health.o.."

This family now lives in a vastly improved modern house equipped with
basic modern services and conveniences ... Incredibly, the family is

required to spend 55 per cent of its total income to meet the rent-purchase

and utility payments, On top of this, the working members must pay

another 5 per cent for public transportation to work making a total of at

least 60 per cent of a reduced income On housing services alone, Before

the family was spending 5 per cent of a large income on their housing and

journeys to work combined, and they could both eat well and save a

proportion of their total income" .

115




4 +
TURNER's point can be illustrated using some of the theoretical

concepts introduced in the previous chapter,

Figure 5.1 depicts a situation where a low income household has been
forced to spend more than it is willing to spend on housing, Originally
when living in the shanty town the household was consuming OH] units
of housing. This was the optimum level of housing consuption given the
household's income and preferences, After rehousing takes place the
household is worse off since it is being forced to spend a very large
proportion of its income on housing and very little on other goods, Its

new welfare level is represented by indifference curve V2.

fig.5.1

= Y UZ

Hy H, Houging
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Moreover sin
C *
€ relocation meant an increase in the cost of transport

to work the d
ecrease in welfare is even greater, This is illustrated in

figo 5 -2 [

fig.5.2

(T) transport
&
(H) housing cost

Distance from GBD

The optimum location for the low income household is at k* miles
from its work place, After rehousing it is forced to live k** miles away

from its work-place in a clearly suboptimal location,

The conclusion would then be that public housing gives rise © a
situation where the household's welfare decreases inas much as it is
forced to consume more housing than it is willing to consume giving its
income, This conclusion is valid as far as it goes, however, if we
problem more closely the case against public housing becomes

examine the

less powerful.
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Firstl i ‘
Y. even if the amount of housing consumed by a household is

said to be optimal from the households own point of view that does not
mean that it is socially optimal, Thus underconsuption of housing is
normally associated with health hazards and social problems both of

which generally have high social costs,

This argument in the view of the self-help school has relevance only
in the short run, because they would argue, as consolidation takes place
the major sources of these negative external effects are eliminated, A
relevant question at this point is, do all squatter households improve

their dwellings?

WARD's (1978) investigation of the levels of consolidation in three
typical squatter settlements in Mexico City one of which was formed in

1947, led him to the following conclusiond

" TURNER and others have argued that squatter housing provides an
opportunity for many families to overcome some of the structural aspects

of poverty, While it may provide an environment that ameliorates the ir

poor socioeconomic position it does not provide them with a vehicle of

upward socio-economic mobility. Not all squatter households improve.

There remains a significant proportion of whom potential improvement via

self-help is severely restricted, For them, the structural nature of poverty

that operates at 2 national level - access ®© education and stable employ-

ment, reasonable wage levels, social security benefits and so forth -

intervenes to inhibit the potential success of self~-help housing, It does

this by preventing the creation of an investment surplus®,
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If WARD i ' o ord
15 comrect in this view, as it relates to self-help families

in general then the referred external effects are not really eliminated,

even after long periods of time,

Secondly, and of crucial importance to the policy prescription of
this work it is arguable that public housing would not have such a
disastrous effect if housing projects were suitable designed, In this
regard a comparison of the housing experience of two developing nations,
Venezuela and Hong Kong is very illustrative of the importance of setting
realistic standards, In both countries the policy undertaken during the
1950's to deal with the housing problem was to build high rise flats on a
massive scale, However, whereas in Venezuela most of the flats built
were self-contained with three or more bedrooms, in Hong Kong most of
the flats consisted of a single room with communal washing and toilet
facilities, It is well known that the Venezuelan experience ended up

in failure and that of Hong Kong in a moderate success (DWEYER, 1975},

In the former case the flats were occupied by middle and upper income
families after many of the low income families for whom they were built

left them because of their inability to make the payments even though a

high subsidy had been introduced, In the Hong Kong case, the flats were

occupied by mostly low and very low income families, Furthermore the

amount of land taken up by the developments was considerably less than

what the squatters were occupying prior to their rehousing,
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In Mexico
City all the so .called low cost housing projects consist

of self contained flats or houses with two or three bedrooms and

individual facilities, Besides, since the locational aspects are seldom

considered the majority of these projects have been located at the
periphery of the city. In other words the government is building or promot-
ing the consftruction of housing units of an unrealistic high standard which
are beyond the reach of low and very low income families, Furthermore
many of the developments built by the government do not even offer the

advantage of a location with good accessibility to jobs and services,

Moreover cheaper housing could be provided if private developers
were allowed to supply the market with housing of a lower standard,
GRIMES (1976) estimates that a drop in building standards®? could mean
that 86% to 96% of the households of Mexico City could be able to afford

the cheapest housing unit available in the market, and not only 45% as

at present,

Thirdly, self~help has the limitation that only very low density kind
of developments can be built, This has two important implications. One

is that the city expands more rapidly and therefore utility costs tend to be

higher (Real Statei Research Corporation, 1974), The other is that

transportation from one place to another becomes more costly in terms of

time specially when the transportation system cannot be improved and/or

employment decentralized fast enough.

4 This may include: a reduction in interior livable space; an increase in
gm;s densities; the provision of shared as opposed to individual

facilities such as cooking and toilet,

120




As poin i i -
pointed out earlier, in Mexico City land prices have been soaring

ove

r the last two or three decades. This obviously makes a low density
solution less attractive since it is not very economic tc provide low
income househclds with very expensive land which is going to be

occupied by a few families in a reduced space when a greater number of

families could be housed on the same plot at-a proportionally lower

cost.

Fourthly the income and the employment effects that public housing
programmes have are seldom considered Tt has been estimated that in
countries such as Kores, Mexico, Pakistan and India for every US $10,000
invested in construction about fourteen additional jobs are created.

(GRIMES 1978 and STRASSMAN, 1979) .

Fifthly, the filtering dcwn effects of new housing construction are also
important. As Strassman (1977) points out a trade-off exists between
building expensive good quality dwellings which have: a high ‘filtering
effect' and building low quality dwellings which are cheaper to build bu“t
generate little or no filtering. Thus even though public housing

construction may nct be suitable for low income families, the filtering

cffect that it has, benefits, albeit indirectly, low income groups®.

One- final criticism to self-help is ideological. Self-help may seem a

very inexpensive way of " solving” the housing problem but there is very

little real sccial justification for its existence. It is worth pointing out

that to a large extent the housing problem is the result of the little

S For an enalysis of the filtering effect in the Mexican case, see
Yarez (1976).
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importance .
P that successive governments have given to it in the past.

Duri ' '
uring the 1950's and 1960's the prevailing philosophy was in favour

of those investments with a high capital-output ratio and therefore

against housing which consumes too much of the scarce available
resources and creates so little in terms of measurable output. (ABRAMS
1966) This very narrow criterion still pervades the minds of many
politicians and for that reason the self-help movement is running the
risk of becoming another "academic® justification of poverty and bad

housing. (HARMS,1976)

Also it is important to recall that during the 1950's and 1960's as well,
there was a prevaling argument concerning the trade - offs between an
equitable distribution of income and growth. It was argued that developing
countries could either have high incomes or high growth but not both,
because since capital investment came from profits and profits were
partially constrained by the size of the wage bill one way of ensuring rapid

growth was by keeping wages as low as possible (SEN, 1969)

Today not many economists accept this argument (MYRDAL,1976) mainly

because the true social cost of such a policy is now beginning to emerge.

Bad housing is arguably one of the more visible effects of the "growth

philosophy" at work.
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5.3.
REHABILITATION OF EXISTING SQUATTER SETTLEMENTS.

In discussing the housing problem of Mexico City in the context of
housing policies it is important to distinguish between policies towards
existing squatter settlements and policies towards new settlements.
Policies towards new settlements can take many forms. As pointed out
earlier households can be housed by the government in public built
houses or be encouraged to build their own houses. . In our view the
case in favour of the latter approach is not very convincing for the reasons
given above. On the other hand policies towards existing squatter
settlements can as well take many forms. It can be said that basically
there are two kinds of policies those which fight squatters and those
which assist squatter settlements. In the latter case the government
provides the basic urban infraestructure, grants the land to the invaders
and in some cases assists them financially to improve their dwellings.
In the former case the government involves itself in a battle againsgt

squatters erradicating them whenever possible offering them no alternative.

It can be said that in Mexico City the policy towards existing squatter

settlements has been one of assistance b albeit confrontations between

government and squatters occur from time to time,

Is this the correct approach? In our view the answer is yes for two

reasons. One is thatto rehouse all those living in the squatter

6 The main body responsible for the control of squatters is the
Department of the Federal District which has a department called
Oficina de Colonias proletarias which deals with all the problems

affecting people living in the Colonias Proletarias.
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settl : .
ements would be impossible considering that over 3 million people
live there. The other is that in those colonias (districts) where

consolidation has been relatively successful rehabilitation is cheaper

and more effective than rehousing.

In conclusion we think that housing policies should try to minimize

the expansion of squatter settlements but at the same time assist those

squatter settlements which have achieved an acceptable level of -
consolidation. In the case of shanty towns (Ciudades Perdidas) and
other slum areas where consolidation is non-existent, rehousing (pre—

ferably in sito) should be the policy to follow.
5.4. LAND USE PLANNING AND REGIONAL PLANNING

Refore concluding this chapter it seems important to comment briefly
on two pieces of legislation which have been recently introduced by the
government to ease the urban problems of Mexico Clty and other

important urban centres of Mexico, which we consider will affect

directly Mexico City's housing situation.

The first one is the planning Law of the Federal District, introduced
in 1976 which replaced the 1953 Planning Law. The new law has been

designed to give the planning authority i.e. the Department of the

Federal District greater power to control Mexico City's urban

development. Like the planning law of 1953 the new law has as its

main intrument for controlling land uses the subdivision and building

permision However, under the new law the rejection or approval of an
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application is going to depend on how the proposed development “fits"
in what is now called the " Director Plan® . The plan (equivalent
perhaps to Britain's Structure Plans) will be generated taking into
account economic, social and demographic factors and the expected

short, medium and long term land requirements of different activities’,

As far as housing is concerned, one important innovation has been
the introduction of a system of subsidies where by those applying for
development permision can get a reduction in the "develpment fee* if
land is used for the provision of low cost residential developments.
(Article 63) For example the development fee will be reduced by 50%
when the selling price for square metre is not greater than six times the

minimum wage,

Another interesting point is that the law explicitly states that the
promotion, improvement and construction of low cost housing should be

closely related to employment accessibility considerations. (Article 77)

The new law also reflects the government preoccupation regarding

land speculation.. TO this effect the Department of the Federal District

will exercise its powers to acquire land in order to secure the availability

of cheap land for low cost residential developments,

the Federal District has already published the
Urbano del Distrito Federal' in which both policy
hieve them are described in detail, (Plan de

7 The Department of
tplan de Desarrollo
goals and means to ac
De sarrollo Urbano D.F. 1980)

125




Th
e 1976 Law, if implemented, will no doubt have an important effect
on Mexico City's housing situation. The expansion of the city will no:

longer be as anarchic as it has been in the past and urban efficiency will

be greater.

The General Law of Human Settlements (Ley General de Asentamien-

tos Humanos) introcduced in 1977 will also have important implications
for Mexico City's housing situation. This law requires in its astharticle

the elaboration by the government of the National Plan of Urban

Development. The Plan published in 1978 contains the governments goal

regarding urban national and regional planning.

Specific goals of the National Plan include among other the slow down
of Mexico City Metropolitan Area's growth through the promotion of urban
and economic growth in other cities i{n different parts of the country; the
introduction of controls to requlate effectively the location of new
industries and the decentralization of established ones; descentralization
of administrative power, etc. It is hoped that if the plan works
effectively in this respect, Mexico City will have a population of 20
million people in the year 2000 and not the expected 32 to 40 million

people. Thus if the plan is successful housing needs in Mexico City are

likely to become less urgent than they have been so far.
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1
The plan's goal concerning housing is to benefit 789,000 families

through several improvement and construction programmes.

It is estimated that to achieve this goal the government will have 1o
spend about 76 million pesos (nearly 2 million pounds), between 1978

and 1982, (PLAN NACIONAL DE DESARROLLO URBANO, pag. 26)

Given Mexico's lack of experience in the area of urban and regional
planning one cannot be very optimistic about the results the National
Plan may bring about; nevertheless, it is significant that these = important
problems are beginning to be tackled seriously and a much broader

approach than before is being taken,

5.5. CONCLUSION

It can be said that for several decades an important proportion of
Mexico's population has been forced to house itself in view of the fact
that traditional market and public mechanisms have failed to supply the
right amount and the right type of housing, that low income families need,
For more than 20 .yearé the public and the private sector together have

supplied not more than 30% of what is needed leaving the so called

popular sector' fill the gap.

Several housing agencies have been set up to cope with the housing

problem but because of the lack of enough resources as well as the lack

of effective coordination the official response to the housing problem
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has been very limited,

Radical policies such as self-help have been proposed to deal with
the problem arguing that this is the only realistic approach considering
the magnitude of the housing problem, We argue that what is needed is
a revision of present policies particulary with regards to standars and
also to take into consideration the indirect effects such as employment
creation and filtering down that a well designed housing policy can

have.
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CHAPTER 6_

LINEAR PROGRAMMING MODELS IN URBAN PLANNING

The aim of this chapter i{s twofold, Firstly to introduce the
reader not familiar with linear programming to the basic concepts in
order to facilitate the reading of section 6.2, which contains a
review of Linear Programming Models developed as urban planning ’
tools. Secondly, to set an appropriate framework for the assessment
of the housing goal programming model proposed in the following

chapter,

A detailed discussion of goal programming, which deals with
linear multiobjective programming problems is set out in the first part
of Chapter 7., It is intended that this will facilitate understanding of
the housing goal programming model which forms the basis of this

dissertation set out in the latter part of Chapter 7 and developed more

fully in Chapter 8.

6.1. SOME BASIC LINEAR PROGRAMMING CONCEPTS

6.1.1. Optimization and Linear Programming

PrOblemsvwhich seek to maximize or minimize a numerical function
of a number of variables, with the variables subject to one Or more
constraints are called optimization problems., Programming problems
are a special class of optimization problems. They are concerned

with determining optimal allocations of limited resources to meet given

objectives. They deal with situations where a number of resources,

such as land, capital, and man = hours, are available and are to be
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combined to yield one or more products. Linear programming is
concerned with those kind of programming préblems for which all
relationships among the variables are linear. The relations mubt be
linear both in the constraints and in the functions to be optimized.
The general linear programming problem can be described as follow s:
given a set of n linear equations or inequalities in n variables, we
wish to find non-negative values of these variables which can satisfy
the constraints and maximize or minimize some linear functions of the

variables, (HADIEY, 1974).

6.,1.2. A Simple Linear Programming Problem

Assume a group of planners faced with the problem of deciding
whether house type A or house type B should be built on a given site.
For the sake of simplicity assume that only two resources, capital and
land, are needed for the construction. of both house types. House type
A requires 15000 units of capital and 250 units of land whereas house
type B requires 10000 units of capital and 400 units of land. The loc§1l
authority, who is responsible for the development, has available
150000 units of capital and 5000 units of land. Additionally it is known
that house type B is preferred to house type A, by the future occupants,
because houses type B have bigger gardens than houses type A. The
planners have been able to estimate a measure of the subjective
utility generated by each house type. House type A generates an
estimated utility of 10 units and house type B an estimated utility of 12
The planner whishes t© know which mixture of house types

units.

should be built so as to provide the maximum overall utility, given
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the available resources of capital and land

This is a typical case in which linear programming can be used

to solve the problem, The problem is formulated as follows:

(utility maximization) MAX Z= 10xj + l2xp (1)
Subject to:

(capital constraint) 15000x; + 10000x; 4 150000 (2)

(land constraint) 250x; + 400xp < 5000 (3)

(non-negativity constraint) Xy .%X > O (4)

——

(1) is the objective function of the linear programming problem which

is to be maximized. (2) and (3) are respectively the capital and land
constraints. (4) is a non-negativity constraint which requires all
values for x; and xp to correspond to the number of dwelling types A
and B that can be built, Any set of values which satisfies the
constraints is called a solution to the linear programming problem. Any
solution which satisfies the non-negativity restriction is called a
feasible solution, Any feasible solution which optimizes the objective
function is called an optimal feasible solution, The problem presented
above is very simple and can be solved using the graphical method,
However, linear programming problems involving several variables and

constraints are generally solved by a technique known as the simplex

method. (DANTZING 1863, HADIEY 1974 , WAGNER 1970)
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The graphical solution of the problem is presented in fig, 6.1
(p.139 ). ABrepresents the capital constraint, It is worked out by
giving x1 a value of zero to obtain the value of x2 on the vertical axis
and then giving x2 a value of zero to obtain the corre sponding value of
the variable x] on the horizontal axis. Once these points have been
determined they can be joined to obtain the line AB, The same operation
is carried out to obtain line CD, which represents the land constraint,
Only points within the area OCEB are said to be feasible solutions to
the linear programming problem. Points such as s] or s are not

feasible solutions because sj violates the capital constraint and s,

violates the land constraint. To solve the linear programming problem
we must find the point in the region of feasible solutions which gives

the largest value of the objective function,

For any fixed value of Z, Z= 10x3 + 12x is a straight line. For
each different value of Z we obtain a different line. We wish to find
the line with the largest value of Z which has at least one point in

common with the region of feasible solution OCBE, Line Mj Nj in
figure 1 is obtained by giving Z an arbitrary value of 100, Line M2 N?»

is obtained by giving Z an arbitrary value of 120, Both lines are
parallel to each other which is not surprising because they are derived
from the same equation. The further these lines are from the origin,
the greater the value of Z is and the greater the level of utility, It is

easy to see in fig. 1, that it is at point E where the value of the

objective function is maximized since no other point is further from
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the origin while satisfying the constraints.

The objective function running through point E is actually
157 = 10xy + 12x9 (3), which by solution of equation (2) and (3)
would be achieved by building 2.80 houses of type A and 10.75

houses of type B,

FIGURE No, 6,1

20 +
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6.1.3. Sensitivity Analysis

In many practical problems the planner or policy maker wishes
not only to find the optimal solution of a linear programming problem
but also to determine the sensitivity of the optimal solution to changes
in the sygtem. He would like to determine the effects of such changes
without having to sblve a new problem or a series of new problems,
Changes in the system can be divided into the following five

categories:

1. Changes in the amount of available resources
2. Changes iﬁ the objective functions

3. Change in the coefficients

4, Addition of new variables

5. Addition of new constraints

This makes linear programming more attractive for planning
purposes for the planner can, for instance, and with reference to the
example given previously, see how the optimal solution (i.e. that
which maximizes the community's utility) is affected if land resources
are increased, say from 5000 units to 5500 or, to see what is the
effect of assuming a different level of utility for each house type or

an increase in the cost of construction of one house type, etc,
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6.2. PROBLEMS AND LIMITATIONS OF LINEAR PROGRAMMING MODELS

a) The requirements of linearity . As pointed out earlier both the

objective function and the constraints must be linear. In the context
of urban modelling this may be an important limiting requirement
because there are quite a few instances where the relationship
between inputs and outputs is not linear, For instance, in the example
given earlier it may be unrealistic to assume that the average cost per
dwelling remains the same regardless of the size of the development

if it is known that substantial economies of scale can be obtained

with bigger kinds of developments,

b) The non-discrete nature of the variables. An additional limitation

of linear programming is the need for continuous rather than discrete
values for the variables, In some cases when the values can be
rounded off without creating important discrepancies between the
discrete and the continuous optimal solution, this may not be a serious
disadvantage., For instance in the example presented above it seems.
of little importance to round off the resulting values of the variables

xy = 2 .80 and xé =10,75 since by taking x1 =3 and x2 = 11 the optimum
value i.e. the level of utility, increases from 157,00 to 162 .0,

However, in other cases the discrepancy may be considerable, For

instance if the values of the variables correspond to the optimum

number of industrial plants to be located in a region, to say that 2.4

industrial plants are approximately the same as 2 or 3 may have a

rather important effect on the optimal solution.
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c) The “objectivity" of the objective function. Choosing the

objective function is a very important stage of the model building
process. It requires a clear identification of planning goals and
their incorporation into the objective function, This in turn requires
the quantification of goals which can be a rather difficult task
especially when goals of a social nature are being considered, In

regard to this point IEWIS (1969) observes:

"The choice of aim is itself subjective: but even if we have chosen
to minimize the journey to work we must ask how to measure it? Do we
do it in time, distance, cost, some mixture of these, or what? Do we
take mean time along a route or model time? Do we pay more attention
to time spent by certain kinds of workers? . ., . It is possible to go on
listing more questions of this type, what we have to realise is that
whether we ask them or not, we do in fact imply answers to all of them
b}; our very choice of objective function. We simplify away the
question but not the answer. And as long as any one of the implied
questions remains incapable of being answered objectively, so the
so-called "objective function" is objective only in the sense that it
states an objective not in the sense that is has been cbjectively
chosen. Furthermore, even if and when all of those questions can be
answered objectively, that we have chosen to consider journey 1o work
rather than, say, rateable value, is itself probably a subjective

decision", (p.3%)
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This problem, however, can be partially solved by adopting a
goal programming approach, Goal programming is about solving
linear programming problems where several objective functions are
considered simultaneously, In Chapter 7 of this thesis we explain
the basic characteristics of a goal programming model and show how

it can be used in the context of housing planning.

6.3, REVIEW OF PROGRAMMING MODELS USED IN URBAN PLANNING

In order to organize this review we classify models into three

main categories: 1, Land use and development; 2, Housing and

improvement models; and 3. Transportation and Land use,

6.3.1, lLand Use and Development

One of 'thé earliest attempts at modelling land use and develop—
ment was the Pean-Jersey model proposed by HERBERT and STEVENS
(1960). Originally it included all land use activities but due to
several practical and conceptual difficulties the model concentrated
on the simulation of residential location. The model requires an
enormous amouﬁt of data., It requires an inventory of households
classified by income, patterns of consumption and of daily movement
plus an inventory of all residential siteé in the region classified by
size, type and quality of structure, location characteristics and
neighbourhood amenities. It also requires the estimation of the
transportation costs generated from each site, The linear

programming formulation has the following form:
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(1) MAax z=222 xp (b -c

_.clh )
k inh
Subject to:
k k
(2) Sih Xih & L
(3) b= N
and all
x Z 0
Where :

bj, = residential budget of household of group i using

accommodation type h.

k
cin = costto a household of group i using accommodation type h
in zone k,
Sih = land for household group i using residential accommodation
type h.
k
1. = land available in zone k.
Nj = total number of households of group i.
X?i(h = household of group i using accommodation type h in zone k.

The objective function (equation 1) refers to the maximization of rent -
paying ability by all households or " savings" as HERBERT and STEVENS
call it. Constraint equation (2) prevents the consumption of land in each
area from exceeding the land available. Constraint (3) requires the model
to locate the projected number of households of each group, The model
distributes households in an optimal configuration from the point of

view of all households because since all households try to maximize
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rent ~ paying ability no household can move to increase its rent-
paying ability without reducing: the rent~paying ability of some other
households and simultaneously reducing aggregate paying-ability i.e.

the value of Z in equation (1),

The Penn-jersey model was never implemented due to practical
problems, The main problem was to assess the housing preferences
of each income group (one for which some ingenious solutions have
been proposed by HARRIS et al, 1966). The model also requires an
enormous amount of a priori knowledge. One needs to know where
the services shops, schools, etc., are located to calculate transport
requirements, workplaces, preference structures and so on,

(ECHENIQUE, 1374)

A more pragmatic linear programming model has been proposed
by SCHLAGER (1965). He argues that the problem of the designer of

urban form is:

1, "Given design requirements expressed as?

a) A set of design standards in terms of restrictrions on land use

relationships that may exist in the plan,

B) A set of needs or demands for each type of land use based on

forecasts of future activity.
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nthesi
Sy size a land use plan de sign that satisfies both the land
use d ;
emands and design standards considering the current state
of
both natural and man-made land characteristics, at a minimal

combination of public and private costs", (p. 107)

SCHLAGER then proposes a linear programming model which

generates a complete land use plan which minimizes total public and

private investment costs subject to a number of design constraints

The objective function is to minimize :
Ct =cC X1 * Cz Xp + ... + Cf Xy
Subject to :

d1X1+ d2X2+...+ ann: Ek

X] t X2. . .Xp = Fy

Xn = GXm
Xnp =0
Where:
cy = total cost of development for period t.
c; = cost coéfficie nt,
x; = typeof land use.
Ex = demand for each land use.
d; = service coefficients for supporting development such as
streets, utilities, and improvements.
F, = limiton land use n in zone m,
G = ratio of land use m in the same or different zones for the area,
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The model has been applied to metropolitan areas in South East
Wisconsin by the Regional Planning Commission., "Experience with 30

zones could yield as many as 400 decision variables and 60 constraints.

One can run the model several times under different assumptions
regarding design standards and different estimates of land use demands,
This allows the planner to determine the sensitivity of the plan to
forecast inaccuracies as well as to détermine the effect of each design

standard on the form and cost of the plan,

SCHLAGER's model, however, had to be modified by the South
Eastern Wisconsin Regional Planning Commission because the discrete
nature of the location of activities was not considered to be
adequately reflected in the linear form of the model, Also the estimated
cost of development was thought to be underestimating the true cost
which involves not only the locational cost but also the linkage cost.

(See South Eastern Wisconsin Regional Planning Commission, 1965).

Another linear programming model of interest is that of BEN-SHAHAR
et al (1969) for allocating residential and employment land uses and

determining transport investments in urban development planning,

Because of the complexity of the notation it would be tedious to
detail the model here as we have done with the models reviewed

previously., However, we can summarize its structure verbally as

follows.
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Objective function

Maximize: Total demand prices for all buildings, less

construction and demolition bost for new ohes,
less all costs associated with the provision and

use of communications infrastructure and capital.

Constraints:

The set of constraints includes the following:

1. Equality between the number of dwellings and the number of

household .of each income group in each time period,
2. Equality between land supply and land demand in each time period.,

3. Balance between work and non-work trip attraction and trips

generation in each period,

The model has very useful policy implications which are better
seen once the dual problem is derived from the primal problem, *The
dual problem provides vital information to policy makers for making
rational decisions. It does so by determining the shadow price of each
constraint . . + The shadow price of a constraint is a measure which
indicates by how much the total value of the goal function increases
as a result of a marginal relaxation of these constraints”, (BEN -
SHAHAR, p.11} ). Two examples are the marginal output of land and
the size of population., The shadow price of land in any zone indicates
by how much the total present value of the plan could have risen

(declined) had the total land available in the zone increased (decreased)
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by one acre. By the same token the shadow price of the population

derived from the primal population constraint, measures the marginal

alternative benefit,

Additional useful information for rationall decision making is
derived by sensitivity analysis, Sensitivity analysis can be use to
determine the effects of risk and uncertainty upon the optimal solution.
Sensitivity analysis can tell the planner by how much the total value
of the plan will diminish if any estimated variable deviates from the
expectation, The plan having a greater sensitivity of total value to

such deviations involves greater risk,

The model has been applied in Israel and other countries including
the U.K (See P,A, Management Consultants and Israel Institute of

Urban Studies, 13969),

BOADEN (1977) has developed a model aimed at cases where the
planner is seeking to establish a land use mix which will maximize
some measure of the profitability of a project. BOADEN points out,
however, that the profitability goal can be modified or overriden by the

use of suitable constraints,

The model comprises two submodels, a Discounted Cash Flow
model and a Linear Programming model. The Discounted Cash Flow
model provides the Net Present Values of the fixed cash flows and the
variable per unit cash flow which are used in the Linear Programming

model in order to obtain the optimum mix.
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BOADEN

argues that the development of a plot of land may be

looked upon as the production and eventual sale of a num‘ber of
commodities. For example, the production and sale of different

house types, apartments and an area of land set aside for shopping.
The costs or revenues generated by each type of development,

BOADEN points out, are of two types, variable and fixed, The former
refers to those costs or revenues which are a function of the quantity

of each type of commodity (or land uses) produced; for example
construction costs or sales revenues, Fixed costs or revenues on the
other hand are not a function of quantity produced; for example the price

paid for the raw land or compensation received for a national road,

The objective function of the Linear Programming submodel is to

maximize :
n
Z = Z Vj Xj+ F
j=1
Where:
Vj = Tiet present value of variable cash flows per unit of land use j.
Xj = number of units of land use j,

F = net present value of fixed cash flows.

n = number of land uses
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¥ and F are the output parameters of the DCF submodel, where:

m
Vi = -t
i > Gjy 1 +4/100)  fory=1,2, ...n.
t=1
Where:
Gjt = the present value of variable cash inflows minus present value

of variable cash outflow per unit of land use j occurring in year
t.

H;y = fhe present value of fixed cash inflows minus present value of
fixed cash outflows occurring in year t,

m = investment pericd.

BOADEN then points out that the analytical value of the model lies
in the user's ability to test the sensitivity of the optimal solution to

changes in the input data.

The model has been applied in a number of studies and the results
have been satisfactory (see BOADEN 1976), A slightly different v
version of this model is the one proposed by ORNE et al ( 1975) which
differs from the BOADEN model in that the former places less emphasis
on the profitability aspect of the problem, In spite of the simplicity
of the ROADEN model, the actual estimation of the cash flows must be
quite difficult since it requires a very good knowledge of future
conditions. There is also the problem concerning the choice of

discount rate which has a very important effect on the results,
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DICKEY et al (1973) have developed a model to evaluate various

land use schemes, They point out:

“The development of land use plans for an urban area usually
Is a time-consuming and expensive process, As a result the
planner often is limited to investigating only a few alternate
land use development séhemes, and these investigations
generally are rather quick and rough . . . The planner
would be greatly aided if he had a fairly rapid technique,
that with a given set of data would generate and determine

some of the consequences of various land use schemes",

(p.39)

The model proposed by DICKEY et al seeks to minimize the
combination of overall travel costs and the establishment costs

minus benefits, subject to land use demand constraints, More

formally:

1

MIN Z:ZZC:U Xij +ZEKjkPRi (X‘lj + Eij ) Z; AT (Xik+Eix) TTK:Z
17 ik ZE/ ATy (Xyn+Ejq i_%“

jk

n i

Subject to :

A.

l,alli

7
o
|

Xij32= 0, all i,]j
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Where:

Xij = amount of activity i allocated to zone §, acres.

Ey = existing amount of activity i in zone i.

Aj = future amount of activity to be allocated

Bj = area available for development in zone j.

Cij = total establishment costs~benefits for locating activity .f

iin zonej,

PR; = trip production rate for activity i.

AT; = attraction rate for activity i.

I

cost of daily trip from j to k. |

The model has been used to test a proposed land use scheme in
Blacksbury, Australia. A prediction was made of how much would be
needed by 1985 for high and low density residential land and industrial
land. The model then is employed to détermine where to_allocate the

needed land use areas-so. as to minimize the public service and travel

v X
~ R

cost,

As the authors point ou't the model has several drawbacks many of
which could be eliminated by modifying some of the assumptions. For
example, in the estimation of Cjyj(the cost-benefit coefficient) the
authors assume that land prices in each zone &quate benefits. This isnot
correct because what a person pays for a site is not necessarily what

he is willing to pay. Benefits therfore, should be derived from a demand

curve,

147




6.3.2. Improvement and Housing Models

An interesting model has been proposed by STUART (1969) to aid

planners in the evaluation of alternative urban plans and improvement

programs.,

Using the Model Cities Programme as an example, STUART ~
developed a simple linear programming model built around a matrix of
relative effectiveness coefficients, a set of performance standards

and appropriate budget programmes,

The Model's function is to allocate dollars among various programme
alternatives either minimizing the total budget spent or maximizing the
achievement of specific objectives, The objectives are expressed as
percentage impacts upon various socioeconomic conditions within a

model neighbourhood,

Thus the linear programming model can be stated as eithers

| L
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Subject to :

Subject to ¢

Eaﬁ Xizyj Zaﬂ Xiz Yj
L
& m Z/ % £
j 1
Lxz 3 )x g m
i i |
i !
Lxiz o
l t
Where E
b
x; = model city program alternatives, in dollars,
vy = performance standards for each objective.
ayj = relative effectiveness coefficients,
dj = relative weights for each objective {optimal).
b = total budget available.
mj = maximum program budgets.
n; = minimum program budgets.

In spite of the model's simple structure a number of problems have
to be satisfactdrily solved before it can be used, There is the problem
of identifying objectives and alternative programmes of action and also
the problem of predicting and measuring effectiveness, STUART
concluded then from his experiment that much work remains to be done

refore viable urban improvement programming models can actually be

developed,
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Another improvement programming model of interest is that
proposed by STEGER (1965), The objective function is to maximize the

number of sound housing units to be added by public and private

resources subject to a budget constraint,

The city is divided into n areas and for each one the planner

determines (a priori)whether rehabilitation/redevelopment or code

enforcement will be the policy to follow in order to eliminate blight,

The model determines which fraction of each area should be treated so

as to provide the maximum number of sound units per period,

The model is formally expressed as:

Maximize :

Subject to:

cp (t+1) xg +Cp (t+2) %9 + ¢ (t=1) xp + 8 (x4 1)7

B(t + 1)

hyjp x1 + hge xp+ hpy ¥n

cjp X1+ Ct Xgt+ Cpp Xp * 8¢

il
Pt

x] +q1
x2 + Q2 =1

Xpn T qn=1
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Where:

xp (02 xp 1) = the fraction of area n treated

ap (0 = qu € 1) = the fraction of area n untreated

cnt= the cost of applying the chosen treatment to the entire area in

yvear t,

hnt= number of sound units that each treatment would provide in
period t, y

sy = is a slack variable which represents the amount of funds not O

used in period t which can be used in any following period.

The main limitation of the model is obviously that it assumes that
if 3/4 of a treatment is selected, 3/4 of the total cost of treating the
entire area will be incurred. This in the light of fixed cost and
economies of scale is unwarranted. However, as STAGER points out
any mathematical representation of reality cannot incorporate all the

features of the actual situation.

A somewhat similar housing model has been proposed by SILVERS~
and SLOAN (1965) . The model allocates public funds so as to maximize
the number of low cost dwellings which generate the greatest level of
welfare. Welfare or utility is a measure derived from the planner's

assessment of the priorities of different households groups.,

Obviously the greatest disadvantage of this model is the inclusion
of the subjective concept of utility. However, as CAMINA (1969)

points out, in ‘spite of the current crudity and inevitable subjectivity

of such judgements, it may be better for the basis of decisions to be
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made clear and not to be allowed to remain subconcious and .

suppressed,

STRASSMAN (1977) has proposed a linear programming model to
investigate the trade-off that exists between building expensive good
quality dwellings which has a high "filtering effect" and building low
quality dwellings which are cheaper to build but generate little or no

filtering, In STRASSMAN's words:

"The planner's allocation of funds among housing types should
reflect the fact that an expensive house potentially generates
more filtering (or prevents more raiding), while many more cheap
dwellings could be built at the same cost. There is a filtering
volume trade-off., The problem can be specified mathematically
and be solved with linear programming methods for specific

cases and with a variety of additional constraints™, (p315)

The objective function takes the following form:

n n
Maximize -Z= Z/ Ty o+ Z D
Subject to:
n
L
ch Dy & 1g4 (2)
j=1
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Where:

T = number of dwellings that income group i transfers toi-1.
D; = new construction of housing type j.
c; = cost of constructing a dwelling type j.

Hjo = the initial housing stock of category j.

Rj = housing of type j that will be removed from the new stock
during the planning period,

=
|

g = proportion of the city gross product devoted to housing

investment,

Like may other models STRASSMAN's model is based on a number of
simplifying assumptions, one of which is that the cost of a new dwelling
is the cost of construction, which means that neither land cost nor

transport costs are taken into account,

The model has been applied to two countries Tunisia (FERCHIOU,

1975) and Mexico (YANEZ, 1976).

6.3.3, Transportation and Land Use

An interesting application of linear programming to transportation
planning has been proposed by HAMBURG (1966), HAMBURG's interest
is to explore the magnitude of the influence of the work trip on the

residential location decision. HAMBURG does this by comparing the

actual travel time involved in the journey to work with what the travel

time might be under some ideal conditions,
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The minimum time spent commuting is computed by the use of the

transportation problem,

m n
MIN TM:Z Z/ gy Xy

i= =

Subject to : 1=l

Xy = Wy

X i = Hj

Y

Where:
Ty = minimum total travel time,
ajj = travel time from zone i to zone j.
X3y = trips from zone i to zone .
m = npumber of work zones.
W, = work places in zone i.
Hj = homes in zone j.

In order to compare the optimal time spent in commuting with the

actual time, HAMBURG developed an index of indifference, expressed as:

S
T, -~ T M
Where:
Ig = index of indifference for group s.
Tp = actual travel time,
Tp = probable travel time for complete indifference,
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The probable travel time, if commuters were assumed to be totally

indifferent to time, was found by assuming that workers were allocated

to homes on a proportional basis, so that:

m n

Tp =) 7, 2 Xy
i=1 j=1

Where:

Xij = Wi HJ

The index I has a minimum value of zero and a maximum value of
one, The higher the value of I the more indifferent people can be said

to be towards time spent in commuting to work,

In his analysis of the Buffalo, New York area, HAMBURG found that
lower and middle income groups were more sensitive to travel time than
the high—incomé groups. HAMBURG also concluded from his analysis
that white drivers were more indifferent than black drivers towards time
spent in commuting, Perhaps the most important result of HAMBURG's
analysis was to show that commuters are not indifferent to time spent

in commuting as has been sugge sted by some theorists.
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A rather complex and ambitious combined land use and
transportation model has been proposed by OCHS (1969). The model is

an hybrid of the Penn-Jersey model and the standard transportation

problem,

Because of the complexity of the notation we shall simply describe

its main features verbally,

Objective function: Minimize the total costs that the population
of an urban area pays for housing and travel

!

to work,

The constraints are:
a) A traffic flow capacity constraint, which holds that the traffic over

a traffic lane cannot exceed the capacity of the traffic lane.

b) A land demand constraint which holds that the total land required
for residential use in any given tract cannot exceed the land

available for residential use in the tract,

c) A labour demand constraint which holds that the employment

requirements of each plant are satisfied,

Due to its complexity this model is more realistic than many others
including the HERBERT - STEVENS model, which assumes that the cost
of tfransportation between any origin and any destination is a known
value independent of the flow of traffic over routes which connect
those two points. By contrast in OCH's model the average cost of

travel between two points is a value determined by the model itself,
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It can be said that in spite of its theoretical value, the enormous
data requirements of OCH's model makes it rather difficult and probably

very expensive to use for land use plan evaluation.

CONCLUSION

In this chapter we have included but a few examples of the
numerous linear programming models developed to help planners in
their evaluation of urban plans, Something that characterises these
models is that only one objective can be considered. This may be an
important limitation because more often than not in the real world
planners have to deal with situations where several conflicting objectives
can be identified, This has lead to the development of new approaches
like goal programming which allows the possibility of modeling,
analy sing and solving decisions which invelve the consideration of

multiple and conflicting objectives. This will be the subject matter of

Chapter 7,
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_CHAPTER 7.

A GOAL PROGRAMMING HOUSING MODEL

It was pointed out in Chapter 4 that in order to improve Mexico

City's housing problem the government has taken in recent years the

main following measures:

a)

b)

c)

Introduced a new planning law (1976) as well as an Urban
Development Plan for Mexico City both of which give the
gcvernment greater powers to control urban growth and therefore
more scope to plan and organise the settlements of low-income

groups.

Set up a number of public agencies aimed at providing low income
households with credit facilities and to finance public housing

projects or rehabilitation schemes.

Begun the acquisition of privately owned land for urban

residential reserves.

These are important developments which no doubt can help to

make the task of improving Mexico City's housing situation less

arduous. Yet the following question needs to be asked: How can the

government know that these sort of measures are going to have the

desired effect upon Mexico City's housing situation? These are many

ways in which the government can make use of the resources available

to improve housing conditions. The government's task is to find out

"the best" way of making use of the resources at its disposal to

achieve the desired objectives.

158



This is a typical allocation problem in which the best allocation is
that which maximizes the achievement or impact of certain policies.
Linear goal programming is a technique having a great deal to offer
in this respect since it is concerned with making "optimum®
allocation of resources given certain conflicting objectives. One
can then build a goal programming model to explore the impact of
different allocation strategies upon certain objective functions or

goals.

The purpose of this chapter is to present a housing goal
programming model which could be used as a planning tool by any
of the housing agencies set up by the government to deal with the

allocation of public funds in the construction and or rehabilitation of

low income housing.

The proposed model is presented in two versions; one for what we

call the monocentric case and one for the polycentric case. The former

refers to the case where employment in the city is highly concentrated
in the CBD and the laifer to the case where the opposite occurs i.e. an

important share of total employment is found in the suburbs of the city.

In Chapter 3 it was argued that Mexico City falls more in the

monocentric than in the polycentric case because employment is highly

concentrated in one delegation, Delegacion Cuauhtemoc, and also

because land prices tend to decrease exponentially with distance from

the city centre. This is, as we have previously discussed one of the

predicted results in a city where employment is highly concentrated,
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The proposed goal programming model therefore uses for the
monocentric version actual data from Mexico City, developed with

the aid of the Planning Department of the National Worker's

Housing Fund.

For the polycentric version hypothetical data was used. The idea
of developing the second version was to show that the model can also
be applied when employment is scattered throughout the urban area,
Also for the second version the possibility of a rehabilitation -

redevelopment alternative was introduced,

Before the full formulation of the model s is given a short

description is given of goal programming, and its major advantages.

7.1. GOAL PROGRAMMING *

'Goal programming is just one approach that has been proposed
for dealing with the modelling solution and analy sis of decisions
which involve the consideration of multiple and conflicting objectiveé. .

the type of problem so typically encountered in actual practice'

(IGN1ZIO 1978)

There are certain concepts that play an important role in the

structure of the goal programming model, A few of these concepts

are defined below,

*This section draws heavily on IGNIZIO (1978) Other bocoks and
articles consulted were CHARNES and COOPER (1961), LEE(1971,

CCURTNEY (1972) and PRICE (1974).

JIN AL Ly
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Objective

An objective is a rather general statement
reflecting the desires of the decision maker, For
example, minimize housing subsidies, maximize

housing construction,

Aspiration

Level An aspiration level is an specific target value which
it: is considered an objective should reach,

Goal An objective in conjunction with an aspiration level
is termed a goal, For example 'achieve at least X
units of houses built',

Goal

Deviation Not all aspirations can be achieved and not all
restrictions may be satisfied. Deviation from the
problem goals will therefore be encountered. In a
typical problem one seeks to minimize the se deviations,

Achievement

Function The achievement function amounts to what in linear

programming is known as the objective function, In a
goal programming model however choice variables are
not included. Only the deviation variables of each
goal are considered. The achievement function

represents the optimal compromise and its measure.
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The mathematical formulation of a goal programming model can

then be stated as follows.

Letting

f.(x)= The mathematical representation of objective i as a function

* 3 - 1
of the decision variablesx=X1, X2, - - . X1,

T;i = The aspiration level associated with goal i.
d; = The negative deviation associated with goal i.
e: = The positive deviation associated with goal i.

Then goal i is represented as

f; ¥ +di —ei =T

The achievement of a given goal may be represented solely in
terms of the deviation variable values, therefore the achievement

function is given strictly in terms of di and ey , the goal deviation

variables.

The specific deviation variable to be minimized will depend on

the goal type. We then

MINIMIZE Z ;= ey if we have a goal of the type t (x) = Ty

>
MINIMIZE Z&= dy if we have a goal of the type ti(x) = T,

MINIMIZE Zi= e;+ tiif we have a goal of the type ti(;’.{) =T,
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7.1.1 Weighted Linear Goal Programming I

The term goal programming was coined by CHARNES and COOPER
in the early sixties (CHARNES and COOPER, 1960 ). The sort of
goal programming proposed by CHARNES and COQOPER deals strictly
with linear multiobjective models. The central idea is the use of the
goal deviation variables. By adding these deviation variables to
conflicting objectives, and by specifying aspiration levels the linear
multiobj ective problem is transformed into a conventional single
objective linear programming problem, The CHARNES and COOPER
approach is often referred to as 'Weighted linear goal programming’.

Example :

Let us suppose that three goals have been set in a given planning

situation.

Goal (1) 30X + 25Xp+dy —-ep = 750

Goal (2) 75Xy + 35X, +dy -ep £ 1,950
Z 400

Goal (3) 4Xy + 12Xy + dy -eg

Subject to
£
Xl + 2X2- 40
<
1.5X1 +.5X2 30

Xy 20
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Since goals (1),

(2) and (3) are of the type?— T then the

achievement function must be formulated as follows:

MIN Z=d) + dy + dj

The graphical solution to this particular problem is shown in fig. 7.1.

FIG. 7,1

~qgoal (3)

™ goal (2)

~goal (1)

0 10 20 30 40

There is one problem with this approach and it is that there
normally exist what is known as dominance among goals; that is,
there is one goal which dominates the others and therefore determines
the problem's optimal sclution. In this particular example goal 2
dominates the others because the problem's solution is the same

whether we minimize dj + dg+ d3 or minimize only dy .
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We can easily alter the dominance among goals by giving

weights to dj , dy and dy . Thus if we give dy a weight of 4 in the

achievement function and minimize 4 d1 -t—d2 +d3 , goal 1 dominates.,

Since the weights have such an important impact upon the problem's
optimal solution we shall discuss in the following section a method

sometimes used to estimate such values.

7.1.2 A Method for Calculating Suitable Weights for the Achievement

Function.

Several methods are available for determining the decision
maker's judgement policy concerning competing goals. An interesting
and simple method has been suggested by HAMMOND and BOYIE
(1371) known as " Policy Capture Method", (See also GREEN 1968,

HAMMOND 1965, HAMMOND & BREHEMER, 1973)

Basically the idea is to ask the decision maker to indicate the
attractiveness of a number of outcomes that are considered achievable.

Using regression analysis his preference function is inferred.

For example, suppose we wish to ‘capture' the policy judgement
of the decision maker regarding goals (1), (2) and (3). According to
the policy capture method we first define a range of options

repre senting the possible combination of levels of achievements of

goall, 2 and 3.




This information is condensed in Table 7,1, Thus for e);ample, in the
first row we see that one possibility is to build 5000 dwellings,
rehabilitate 200 and generate a transport cost of $ 950,800, Another
possibility (seqond row) is to build 4800 dwellings and rehabilitate

465 with a transport cost©f $870,500, and so on. Each option can be

given a number for easy identification.

We would then ask the decision maker the following question,
How desirable would you find achievement of option 1 ? His answer
would consist of a numerical rating between perhaps 1 and 30, with
30 indicating a very desirable evaluation and 1 indicating very

undesirable.

TABIE 7,1

Goal (1) Goal (2) , Goal (8
Rating | Option Houses Houses Iransport Cost
No., Built Rehabilitated | Generated ($)

25 1 5 000 200 950 800
30 2 4 800 465 870 500
20 3 4 500 900 850,300
15 4 4 200 1 500 830 400
17 5 3 900 1 850 800 300
18 6 3 800 2 220 789 400
14 7 3 500 2 500 706 400
12 8 3 450 2 900 687 500
10 9 2 990 3 500 650 000
8 10 2 500 4 200 630 400
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In providing an answer the decision maker may take into
ccnsideration that for example house building has an employment
effect greater than the housing rehabilitation. He may also take

into account the social pressures coming from different sectors of

the community, etc.

Having completed the "test® the information can be used to

derive a 'preference function' using regression analysis.

With the decision maker's evaluative rating as dependent
variable and the goal's aspiration levels as independent variables,

a set of coefficients can be estimated through multiple regression

analysis. The interpretation of these coefficients is of great interest
to us because they tell us how marginal changes in the level of
achievement of one goal affect the decision maker's satisfaction.

Thus for example in the following equation:

Y=A+’B1X1 +I32X2—133X:3

Where:

X4 is the level of achievement of goal i

X2 is the level of achievement of goal ii.

X3 is the level of achievement of goal iii.

Y  {s the decision taker's evaluative rating.
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B] represents the marginal change in the decision maker's
satisfaction as the number of houses is increased by one unit; B
marginal change in the decision maker's satisfaction as an extra
unit is rehabilitated and B3 the marginal contribution of the subsidy

level to the decision maker's satisfaction (or dissatisfaction).

Cocfficients Bl' B2 and B3 can be used to weigh the deviation
variables in the achievement function. Where By corre sponds to the

weight given to goal 1, By to the weight given to goal 2, and so on.

It B‘Z = Bl , the model will make an allocation giving priority to
goal 2 over goal 1. Because B3 has a positive sign, goal 3 will be

given the last priority.

Thus, by using the policy capturing method we can ensure that

the achievement function reflects the decision maker's actual intent.

7.1.3. lLexicographic Goal Programming

In contrast with 'weighted goal programming® lexicographic goal
programming erﬁploys no weights but instead simply ranks each objective
according to preference. The solution that provides the lexicographic

minimum to this ranking is then considered optimal.

Example:*
let Y] =2 tX2 (1)

Yo =-X3 * 2X (2)

* Taken from IGNIZIO (1979).
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be two conflicting objectives subject to

- X1 H3Xo = 21
X1 #3Xy = 27
4X] +3Xy = 45

3% + X9 = 30

v
o

Xl:Xz

If objective one (Y] ) is preemptively preferred to objective (Y3 ),

then the lLexicographic formulation becomes:
Minimize a= (ej +ep +e3 +e4), (dg), (dg)

Such that

—Xq, +3Xy9+dy —e; =21
X1+ 383Xy +dg — ey =27
4X1+3X +dy — eg = 45
3x1+X2+ d4— e4=30

Y X : 2X, + X, +d5-— e = 40

v, (X :-X) +2X, +dg — eq =20

2

% ,n,p—0

As can be seen all rigid constraints are treated in the same
manner.as the objectives i.e negative and positive deviation variables
have been added. Since priority one is associated with the
satisfaction of these rigid constraints finding a feasible solution by
P2 , 123 and P4 becomes priority number one,

minimizing Pl ‘
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The solution to the problem is
X =(9,3)

a = (0, 19, 23)

Both weighted linear goal programming and lexicographic goal
programming have advantages and disadvantages. The former has
one major advantage, namely that no special goal programming
programme is requirad since it can be treated like a conventional
linear programming problem, and solved using the simplex method.
Its major disadvantage is that finding suitable weights for the
achievement function can be a very difficult problem. This problem,
as pointed out earlier, can be partially overcome using the 'policy

capturing method".

For some purposes (or people) lexicographic goal programming
is considered preferable because it is not based on weights, and
therefore it places very few demands on the decision maker, However
a major disadvantage of the technique is that a specific goal
programming programme, based on the multiphase simplex method or the
sequential linear goal programming method is required, This, in
practice, can be an important limitation since this specialised type
of programme is difficult to obtain and/or develop as demonstrated by

my experience with the National Workers Housing Fund,

For the proposed Housing Goal Programming model which is
presented in the following section it was decided to adopt the Weighted

Goal Programming approach for the reasons given above and also
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because it was considered more suitable for the specific problem

to what the research is directed in Mexico City.

7.1.4 Goal Programming Applications

Goal Programming is one of the available techniques developed
to deal with multi-objective programming problems* . As pointed out
earlier it was developed in the early sixties by CHARNES and COOFPER.
Since then goal programming has been applied in several fields
particularly in the business management area (LEE, 1972), Not many
goal programming models have been developed to deal with
multiobjective programming problems in the area of urban planning and
more specifically for the design of public housing policies. Some
authors have argued that this has been so due to the fact that goal
programming and similar methods such as linear programming are
unsuited for local authority application, With regard to this point

GEARY (1978) observes:

'Goal programming and weighting seem eminently unsuited for
local authority application since they require information which is
unlikely to be available and which more over may be inconceivable,
How can relative weights be assigned to such diverse activities as
house building and school construction? How can goals be set for

home help provision in a way which differs from a simple maximize

provision obj ective?’

* For a review of multiobjectives programming techniques see COHON

and MARKS (1975) and LOUCKS (1875),
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However such a generalisation is highly misleading for two
reasons, Firstly not all goal programming models have to be
designed to deal with the problem of allocating resources among
activities as diverse as housing and education. There are often
situations where the problem is one of allocating resources to one
single activitie- e.q, housing, but with the possibility of aiming at
two or more conflicting objectives simultaneously. In other words
the suitability of goal programming depends very much on the type:
of problem that is being considered, Secondly, goal programming
is not a 'one shot' operation since several weights can be used to
test the implications and then generate a set of feasible - desirable
solutions. These in turn can be presented to the decision taker to
explore his or her preferences, The policy capturing method can be

very helpful in this respect.

In short the real problem is due to the fact that not many planners
are aware of the potential uses of goal programming, and therefore

little time and effort has been devoted to the development of suitable

goal programming urban models,

7.2. DEVELOPMENT OF THE MONOCENTRIC CASE GOAL PROGRAM MING

MODEL.,

The previous sections have outlined the essentials of the goal

programming approach, have pointed to its potential in the field of

urban planning, and have also suggested that it is an underutilised

tool largely because of limitations of knowledge and understanding of

the technique on the part of urban planners,
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This section describes the development of a practical application
of goal programming in Mexico City developed with the cooperation of
INFONAVIT. It will be recalled that one of the prime functions of the
technique is to encourage decision makers to explore their preference
functions relating to the achievement of multiple goals, However,
the actual development of the model was the sole responsability of

the author, as are the conclusions drawn from the use of the model.

For any public housing agency the need for an 'optimal' use of
scarce resources is easy to understand. A rather more difficult
concept to define is the concept of ‘optimal’ itself, Optimal for whom?
For potential house owners? For those who have a political obligation
to some sectors of the community? For society as a whole? These are
questions difficult to answer not only because they imply value
judgements but also because there are not clear cut methods for

measuring these alternatives,

When INFONAVIT was first approached to develop the goal
programming model similar questions érose, and many answers
emerged, during the objectives identification process. After several
working sessions it was sugge sted that potential house owner's
priorities should be incorporated as objectives in the goal programming

model, and the means which the Institute has available to satisfy such

priorities, as constraints,
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What are then the priorities of the families that may occupy a
house built with INFONAVIT re sources? Accordiné to the economic
model of residential location presented in Chapter 4 households are
utility maximizers subject to income and time constraints, This
principle can be taken to mean that what low income families seek is
to be able to afford the cost of a housing unit and to live close to their
work place, in order to save time and money, However a clear
conflict exists between these two objectives, for living close to
the work place in a city where employment is centralized means
spending more on housing albeit less on transport, This is why the

model is called the housing - accessibility trade-off model,

From this we can derive two important conflicting policy objectives.

To minimize 'aggregate housing subsidies' and to minimize ' aggregate
transport costs', These objectives can be formally stated as

\

Goal 1 (hijt - cut) Xijt +4 -ey =T

it
Goal ZZZZ tewt Xyt T92 T2 T T
ujt
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Where:

hij'c is the cost of a house type { in zone j in period t .
Cut  is the credit capacity or paying ability of family u in period t |

di CO_rre sponds to the negative deviation variable associated
with goal one (the subsidy minimization goal).

e is the positive deviation variable associated with goal one,

tc is the generalized transport cost of family u living in zone j
in period t,

d»2 is the negative deviation variable associated with goal two
(the transport minimization goal).

e is the positive deviation variable associated with goal two,
T is the achievement level of goal 1,
i) is the achievement level of goal 2,

Xijt is the number of houses of type 1 in zone j in pericd t given
: by the model after an optimal solution is found,

In words, Goal 1l seeks to minimize the difference between what

families are able to pay and what they have to pay for a house type i

in zone j built by the Housing Institute in period t.

On the other hand Goal 2 seeks to minimize the amount of time
and money that a family type u would have to spend if it was located

in zone j in period t and had to travel for work in the city centre,

The next step was to ascertain INFONAVIT's main constraints.
There are two basic constraints, land and capital. Finding suitable

land plots is not easy in Mexico City given that either they are very
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expensive or simply because they are not on sale. Large plots of

land are typically available in the city's peripher&, most of them
are not urbanized and connected to the city (if connected) by a poor
fransport system, The other important constraint is capital. This
is a universal constraint since there is no housing institution in
the world which does not suffer from a lack of sufficient capital
funds to carry out its programmes, The inclusion of this constraint
therefore needs little if any justification.
Finally it was necessary to include demand constraints, :
Given that INFONAVIT-grants credits to workers whose daily incomes )
range from 1 to 4 times the minimum wage it was thought necessary

to include a set of demand constraints corresponding to each income

group.

We can now formulate the constraints as follows:

Land constrainti 2; 1i5¢ Xijt"é’ Lit
it

. . pa
Capital constraint hijt Xijt Kt
ijt

3 . f; F
Demand constraint Xijt ut
ijt
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Where:

ijf

is the amount of land taken up by house
in period %

type 1 in zone j§
th is the amount of land available in zone j in time ¢

Ky Ccorresponds to money capital resources

Fut

available in period t
is the number of houses that should be built for famil
in period t,

Y type u

Having identified goals and constraints we can now state the
achievement function

Since what we seek is to minimize the value
of the deviation variables we have that

MIN Z= d1 + e1+ d2+e2

MIN Z o(z(dl-}-el)-}-d\z (d2+e2 )

Now this formulation implies that both goals are of the type
f (x) =

T; ¢ However this does not have to be less than or equal to

a given aspiration level and also the transport cost minimization goal

to be less than or equal to a given aspiration level then the correct
formulation would be

MIN Z=-ej + ey
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Where e, and e, are the positive overachievement deviation

variables.of Goal 1 and Goal 2, (e, and gl , are the weights

given to each goal),

7.2.1, Summary

Given the above formulation of the model it should now be
possible to evaluate the trade offs implied by a particular housing
strategy. For example, the trade - off that exists between a
housing strategy based on housing low income families in areas
with good employment accessibility and low transport costs which
at the same time implies heavier subsidies due to higher housing
costs against the alternative strategy of housing them in peripheral

locations(where costs are higher but housing cost are lower},

Another interesting aspect of the housing problem that can be
investigated are the implications of housing mainly families
eérning 1 tol,5 times the minimum wage who demand heavier
subsidies against housing families earning 3 to 4 times the

minimum wage that require little or no subsidy.

The model can also be used as a budget programming tool, By
letting both land and capital constraints be equal to or greater than
zero and by specifying demand restrictions about the type and number
of families to be housed, we can explore what the land and capital
requirements would be. A number of feasible strategies can be

generated and presented to the decision maker allowing him to see
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clearly the implication of each housing strategy with respect to

capital and land requirements as well as the transport cost and

subsidy implications,

7+3. DEVELOPMENT OF THE POLYCENTRIC CASE GOAL

PROGRAMMING MODEL,

The polycentric version of the proposed housing goal
programming model was developed to show that the model can be
easily modified if the assumption of monocentricity i.e,
employment concentration in one single point, is not sustainable
and also when other altermatives such.as redevelopment and
rehabilitation are incorporated. This second version is conceptually
similar to version one in that two goals, a housing and a transport

goal are identified.

Before discussing the model it would be convenient to define some

of the terms we shall be using in order to avoid confusion.

1. Potential Areas for Residential Development are those areas

which the planning authority considers have characteristics

favourable for the development of low cost residential

developments.
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2. Target Areas are those areas occupied by squatters of groups

of low income households which the planning authority is

considering ‘upgrading or redeveloping.

3. Employment Centers These are well defined areas where

employment concentrates. A minimum size can be imposed upon
these areas to simplify the problem. The size of an employment
centre is measurable in either floor space or number of people

employed.

The Trade-off between Transport Costs and Housing Costs

There are assumed to be a number of potential areas for

residential development. There are as well a number of employment

centres each having a different level of attractiveness determining

the probability of movement of the household head from the potential

area to the employment centre. Those areas close to employment
centres with a high attractiveness will offer the greatest opportunity
to save on transport costs. The model will, therefore, allocate as
many dwellings‘as possible in those areas in order to meet the
transport minimization objective. Furthermore since it is assumed

that dwellings differ in their per unit consumption Qf land -and

building costs the model will allocate those dwelling types which
consume less of both resources (land and capital) into the best
On average densities will tend to be higher in those

locations.

areas where the locational advantage is greater and relatively lower
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in those areas where the locational advantage is small.

In a target area the model will compare the cost of revedelopment
against the -cost of improvement, It will also consider the possible
savings in transportation which might be obtained if by redeveloping,
a greater number of dwellings than the existing number could be

"fit" into an area with an important locational advantage,

One of the objectives is to minimize costs. Since total costs
increase directly with the cost of land which to a large extent is a
direct function of its proximity to employment centres, it can be
predicted that housing costs will be greater in those areas where the
locational advantage is greater. In order to meet the cost minimization
objective the model will allocate the maximum number of cheap
dwellings i.e. those with a low construction /improvement cost, in
those areas where land is cheapest. This allocation criteria conflicts
with the transport minimization criteria and therefore a trade-off is

created between cost minimization and transport cost minimization

objectives.

The allocation of capital and land resources can be said to be
efficient when "aggregate transport costs” can only be reduced at the

cost of increasing "aggregate housing costs” and viceversa.
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7.3.1. The Full Model

We can now express the goal programming problem as follows.

MIN 2=&, (4, tep )+, (d, e, )

Zli Xy * Z/Ir Xir = L
Xij = Dij
Xir= Dy d
Where:
Bijj = building cost of dwelling type j in (potential or target) area i.
Rir = rehabilitation cost of dwelling type r in (target) area i
W, = transport cost index of (potential or target) area i,
i = land requirement of dwelling type j .
I, = land requirement of dwelling type r (dwellings of target areas
that can be rehabilitated),
d1 = negative deviation variable of building cost minimization goal,
ey = positive deviation variable of building cost minimization.
d2 = negative deviation variable of transport cost minimization.
e, = pcsitive deviation variable of transport cost minimization goal,
Cc = achievement level of building cost minimization goal.
T = achievement level of transport cost minimization goal.




Li = land available in (potential or target) area i.

Dij = demand for dwellings type j in aArea i.

Dir = number of dwellings type r to be rehabilitated in (target)
& area i,

1 = weight given to building minimization goal.
oKL2 = weight given to transport minimization goal.

Xij = number of new units type j allocated by the model in

(potential or target) area i.
Lip = number of units rehabilitated in target area i.

W, is a transport cost index which is estimated as follows. It
is assumed that the probability of a resident (the household head)
of area i having a job in employment centre j and therefore commuting

to that point is given by:

—A
E. o
p: = j ij
1j =
2%t
j=1
Where:
Pij = probability of movement by a household head from i to j.
Ej = employment in employment centre j.
.. = travel time from i to j.
1)
P\ = constrant derived on calibration.
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Thus if there were N households living in area & N (B; )
individuals would commute from i to j. If we assume that the

cost per trip is ¢ then the total cost of transportation generated

from area i would be:

ICi=  NB; X Cy

Il

N (Pij X cl.j)

Where: BlJ' X Cy = Wy

7.4, SENSITIVITY ANALY SIS

It would be a mistake to think that the solution generated by
the model is really an optimum one in the wide sense of the word and
that the decision taker should necessarily adopt a policy based on
the model's results. A model is a simplification of the real world and
therefore the quality of the information generated is only as good as
the information and assumptions with which we "feed" the model.
Perhaps the model's greatest advantage is not to produce an optimum -

solution but to enable the policy maker to explore the implications

of different housing strategies.

Several strategies can be tested in order to explore their effects

on the model's optimum solution. A strategy is defined by a set of

constraints and parameter values.
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There are a nomber of parameter values we can change to test

their effect on the model's optimum solution. These include:

1. The coefficients in the achievement function.
2. The coefficients in the goal constraints.

3. The coefficients in the resource constraints.
4, The availability of land in each area.

5. The availability of capital finance.

Change in the coefficients of the achievement function would
mean that we want to know what would be the effect on the model's
optimum solution if the decision taker's views regarding the

importance of each one of the goals changed.

Changes in the coefficients of the transport minimization goal
constraint would be useful in order to see what would happen to the
model's optimum solution if the cost imposed on trips were modified,
Alternatively we’could change the relative attractiveness of employment

centres by varying the size of employment centres.

This would provide the policy maker with some useful information

regarding the possible effects of employment decentralization on

transport cost and the composition and spatial distribution of the

housing stock.
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We can also test the sensitivity of the optimum solution to changes
in the coefficients of the land constraints. So, for example, we can
explore the implications of changes in the density ratios allowed
in each area. Additionally we can explore the implications of

increasing or decreasing building costs and /or rehabilitation costs.

Finally one can test the sensitivity of the optimum solution to
changes in the availability of land in each area, and to changes in

the housing budget.
7.5. ASSUMPTIONS AND LIMITATIONS

In the polycentric version for the estimation of the transport
index it is assumed that for each dwelling there is a household and
that every household has a household head who generates a number
of work trips per period which is the same for all heads of household.
The only difference is the cost of the trips which is assumed to be a
function of the distance travelled and the route used. Thus if
household heads A and B generate 300 work trips a year, but A
travels a dista;lce greater than the distance B travels, A's cost
of transportation is also greater. If both travel the same distance
but use different routes the cost of transportation may be different.

Further it is assumed that all household heads use the same mode of

transportation work.
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This limitation however is easy to eliminate if household
types are introduced, as in the monocentric version. By doing so
we can specify both trip probabilities and trip costs between two

points for a given household type. For example:

Where:

ij

b
=y
il

e

and the

—3
G2
I

This may seem a rather strong assumption, however, considering
+hat we are talking about a fairly homogeneous socio - economic group

i.e. low income families, the assumption is not so unreal.

h  h  =A
5 =& tijh
3 h A
ZEJ‘ tijh
i=1

probability of movement by a household type h from i toj

employment type h in employment centre j

travel time of household h from i to j

trip cost would be

h h h
TCi = NRj Cij

is the cost of transportation of household type h

is the cost per trip of household type h
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A greater problem on the transport front is the prediction of
the distribution of work trips which is carried out using a gravity
model, Unfortunately there is very little experience in developing
countries regarding this technique. However, the experience of
developed countries indicates that in many, if not most cases the
results are more than adequate for the purposes of modelling

exercises,

For the model as a whole the single greatest limitation is
probably the assumption of linearity. This means, as it was pointed
out in Chapter V, that we are assuming that, say, the average cost
of rehabilitation is the same whether 100 or 200 dwellings are
rehabilitated. This is not very realistic since generally there are
economies of scale which tend to reduce costs. The same points

apply to the construction of dwellings.

This drawback, however, is the price one has to pay for the
efficiency and relative simplicity of linear programming models,
whether we use fhem in urban planning or in economic planning.,
Thus input-output models of the economy are widely used in many
countries in spite of the limits imposed by linearity because of the

very useful information yielded by such models for policy makers.
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CHAPTER 8

RESULTS OF THE HOUSING GOAL PROGRAMMING MODEL

This Chapter presents the results obtained after the
model was tested for bhoth the monocentric and the
polycentric case. As pointed out in chapter 7 for the
monocentric case actual data from Mexico City was used.
The assumption of monocentricity is supported by the
evidence presented in Chapter 4 concerning the rela-
tive high concentration of employment in the central
area of Mexico City and also the existence of exponen-
tially decreasing land values and population densities
with distance from the city centre. It should be
pointed out that the data on which such evidence 1is
based is not recent since it refers to the 1970 period.
This however does not invalidates the assumption of
monocentricity since other more recent - albeil -
preliminary - investigations have revealed that over

the last decade employment concentration in the city
centre (specially service employment) has incressed.
(Plan de Desarrollo Urbano del Distrito Federal 1980,
n.49)

The point about monocentricity is important because

it implies that the cost of transportation depends on
distance and commuting time from some point within the
urban area to the city centre, where most work trips

are supposed to ende. Something that must be understood
is that monocentricity represents, from a computational
of view, the simplest possible case since there

point
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is no problem concerning the distribution of work trips
among a set of possible work places, given that there
is only one major work place i.e. the CBD.

The interest in developing = polycentric*case—versiun

steams from the need to show that when employment 1is
scattered throughout the urban area the model does not
have to be altered conceptually. What it reguires is

a more elaborated method for the estimation of trans-
nort cosfs, which depend on the pattern of work tripse.
The use of a gravity model is proposed for solving

this problem, although other methods may well be used
tg estimate the distribution of work trips. The
important point is that even in this case (polycentri-
city) the trade-off between work accessibility and
housing costs can still be assessed.

Now it could be argued that since in Mexico City
monocentricity is what actually holds the develapment’
of a polycentric—case-version lacks relevance from a
policy point of view. This however, is not the case
since the polycentric~case~version could be very useful
in exploring the implications of proposed urban plans.
For example the effects on transport cost of promoting
the develgpment of aaditional major employment centres
in different points of the urban area might be assessed.

In point of fact an essential strategic element of the

LUrpan Plan of Mexico City recently published (1980) 1is

hased on the promotion of economic subcentres in
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different parts of the city in order to descancentrate
employment from the central area . (Plan de Desarrollo

Urbano del D.F. 1980)

Another important extensions included in the polycentric-
case-version are the possibilities of redeveloping and
or rehabilitating run down areas. Again this is just

an extension of the monocentric-case-version. These

two alternatives were not included in that version

simply because INFONAVIT the housing agencg which
provides the institutional context, is not currently
involved in neither of these activities. However it
would not alter the central idea of the model to include

them although it may well reguire some changes in its

present formulation.

One major advantage of keeping separate (into two goals)
transport and housing costs is that decislion takers can
visualize more easily the implications that one particu«_
lar housing strategy can have upon these two components
of housing . Thus 1f work accessibility is considered
of no importance OrT having & secundary importance both
the achievement level in the transport goal and the
weights associated to the transport goal in the
achievement function (see Chapter 7) can be set so as

to represent the unimportance of this aspect of the
Conversely the transportation problem may be

problem.

given the greatest importance by imposing a certain
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level of achievement and penalizing with a high value

(or cost) any deviations from the specified level in

the achievement function.

8.1 tEvaluation of housing strategies: The Monocentric

case .

€.1.1. Summary of Conditions

The results obtained from the model will be presented
in the following section. These results are derived
from a range of strategies each of which is defined in

terms of a set of basic conditionse.

Before discussing at lenght the results obtained the
conditions defining each strategy will be outlined

presently.

For the monocentric case -Mexico City case- 8ix
strategies were analysed. These are based aon the .
conditions summarised in table 8.1. The meaning of

these conditions are summarised verbally in table 8.2.

As indicated in Chapter 7, there are two goals in the

model which are considered to be conflicting in nature:

a transport goal, which seeks to achieve as close as

possible a given aspiration level with respect to the

cost of transportation i.e. what the potential house

ouners are required to spend on transportation over

the planning horizon (5 years), and a housing or

subsidy goeal seeking to achleve a niven aspiration
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level with respect to the amount paid in subsidies by

the housing agency in this case INFONAVIT (National

Workers Housing Fund).

Basically what is done for the generation of these six
strategies is to change in each case the priority of

the subsidy and transport goals under different demand

conditions. The amounts of Land and capital in the
corresponding constraints are not modified throughout

the exercise.

In the case of land, it is assumed that no more than
50 hectares of Land can be taken up in the intermediate

zane, for housing development.

With respect to money capital, it is assummed that
what policy makers are interested in is in satisfying
a given demand (that of the applicants asking for
credit from INFONAVIT) and checking whether this
demand may or may not be satisfiled considering the
amount of capital funds avallable. Thus in order
for the solution not to be constrained by the amount pof

capital this is assumed limitless(20 ), leaving the

model to determine the optimum reguired.

The assumptions concerning Land and capital are later

on, in a sensitivity analysis excersise changed , so

4s to investigate the resulting implications.
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Thus the interest in running the model derives from the

possibility of exploring through six strategies , the
L4 '3
best" passible way of housing a number of low income
families so that the difference between the actual

cost of building the houses and what the benefited

families are ahle tn pay i1s kept within the limits of

a predetermined level, and that what families will have
to pay on transportation to work will also be kept
within certain limits i.e. close to the aspiration

level set for the transportation goal.

By introducing Land and capital constraints additional
to demand constralnts, the %feasability area® is
reduced and therefore the possibilities of fully

satisfying both goals become even more difficult.

This however does not mean that a goal will always

have to be underachieved . As pointed out in chapter 6
a goal may very well be overachieved , since any
deviation from the aspiration level negative or positive
may be required for the solution to be an optimum one.
Far instance a solution for the model can be such that
the resulting cost of transportation is less than that

considered to be acceptable. By the nature of the model

this means that the transport goal has been overachieved

given that a positive deviation from the desired level

gxists.
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Before discussing the results of the strategies

developed for the monocentric case , it is important

?
+ o s :

to explain with some detail the sort of input data
that is used to feed the model. This is done in the

following sectien.

8.1.2. Data Inputs for the Monocentric Case

The reguired data to operate the model can be classified

as follows:

D R e

a) Transportation cost data ‘
b) Housing cost data
c) Household credit capacity
d) Number of Areas, land available, and density
ratios.
e) Aspiration level of subsidy goal
) Aspiration level of transport goal

a) Housing demands by household type

h) Capital available for housing construction

i) Number of periods

] Weights in the achievement function
a) T ransportation

By definitien transport costs are a function of

distance to the city centre, where a high proportian

of total employment 1s assumed to be concentrated.

The cost of transportation of family type u in period

computed as followse.

ct
Yo
n
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TC =dc + Tc

ut t t
uhere dct = direct cost which ts estimated as
follows
dc, = bus fare in period t from point i to

the city centre X number of estimated
vearly work trips X5

ang

T = time cost, which is estimated as follows

Tct = average time spent on journey to work
from point i to the city centre in
period t X the workers average wage X
number of estimated yearly work trips
X 5.
The actual transportation data used for this case 1is

contained in Annex I.
b) House Types and Housing Costs

The National Housing Workers Fund allows the
construction of the following types of houses: single
two storey houses, two storey flats, three storey flats,
fpur storey flats, and five storey flats. However the
most typical types that are built are single houses,

three storey flats and five storey flats. These were

the types considered.

Housing costs &re dependent on direct and indirect costs.

Direct costs are dependent on urbanization or development

cost plus building costs, plus land costs. Indirect

coste are mainly INFONAVIT administrative costs.
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To estimate the cost of a housing unit at different
locations , its cost at a periphersl location was
estimated first. Then its cost was increased using
the rent gradient presented in chapter 4 to determine
the cost of the same housing unit at intermediate and

‘central locations. J
c) Household Types and Household's credit capacity

Infonavit's policy is to grant credits to households

rning between 1 to & times the minimum wage. For this

n

example we considered three household types: j

Type 1 earning 1-2 times the minimum wage
Type 2 earning 2.1 - 3 times the minimim wage

Type 3 earning 3.1 - 4 times the minimum wage

The credit capacity of each one of these income groups

is computed as follows:

CC = DMUJU X 30 X 12 X 5

ut t
here : DMW is the daily minimum wage of family type u

in beriod t.

d) Number of areas, land availahle in each area, and
density ratios.

For this example it was assumed that development

could take place inm three different areas

n central area located at a distance of 2 HKm

from the city centre
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11 An intermediate area located at a distance

of 8 Km from the city centre

111 A peripherical area located at a distance

of 16 Km or more from the city centre

T . .
fhree density levels were considered one for each house

type :
Two storey single housing unit = 50 units/10,000 m?
Three storey flats = 60 units/10,000 mz'
Five storey flats = 70 units/10,000 m2

e) Aspiration level of Subsidy minimization Goal
An achievement level of '0f was set, implying that
INFONAVIT should not pay subsidies.

f) Aspiration level of transpurt-cnst minimization Goal

Here also the achievement level was set equal to
10! implying that families should spend as little as

possible on transportation to woTk.

q) Housing demands by Household type

As pointed 