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Resumo

O presente trabalho analisa os efeitos da legislagdo de zoneamento e de regulagdes de densidade sobre a oferta de
habitagdes formais e sobre a formagao de favelas nas cidades brasileiras entre 1980 e 2000. Verifica-se, em particular,
a performance das cidades que reduziram a subdivisdo dos lotes (tamanho do lote minimo) do estipulado em lei federal
(125 m2). Desenvolve-se um modelo de oferta habitacional formal e de formagéo de favelas em que o crescimento
populacional é endogeno e a decisdo de migrar dos agentes € influenciada por variagcdes na regulagdo urbanistica entre
cidades. O trabalho averigua que a elasticidade da oferta de habitagcdes formais ¢ muito baixa, comparavel & de paises
como Malasia e Coréia do Sul, cujos mercados habitacionais sdo altamente regulados. A analise mostra que (a) o
planejamento do uso do solo melhora o desempenho do mercado habitacional formal e estimula a resposta do referido a
demanda existente; (b) a flexibilizacdo de regulacdes de lote minimo aumenta a oferta de residéncias formais, mas
também ¢ acompanhada por um crescimento populacional mais elevado. Constatou-se que o crescimento populacional
foi superior a resposta da oferta de habitagdes formais e, como resultado, gerou-se um crescimento da formagéo de
favelas. Isto sugere que politicas publicas que visem reduzir as barreiras de acesso a habitacdo devem ser seguidas por
instrumentos com o intuito de relaxar distor¢des pré-existentes no mercado habitacional. Na auséncia dessas medidas,
regulacdes urbanisticas mais flexiveis podem exacerbar o problema de formagao de favelas.

Abstract

In this paper, we examine the effects of land use zoning and density regulations on formal housing supply and slum
formation across Brazilian cities between 1980 and 2000. In particular we look at the performance of cities that have
lowered land subdivision (minimum lot size) regulation from the federally mandated 125 m*. We develop a model of
formal housing supply and slum formation where population growth is endogenous and household migration decisions
are influenced by inter city variations in land regulations. We find that the elasticity of formal housing supply in Brazil
is very low, and comparable to those found in Malaysia and South Korea, which have highly regulated housing
markets. Our analysis of land regulations shows that (a) general purpose zoning and land use planning improves
performance of the housing market and stimulates formal sector housing response; (b) lowering minimum lot size
regulations increases housing supply but is also accompanied by higher population growth. We find that population
growth is faster than the formal housing supply response, leading to an increase in slum formation. This suggests that
policies that aim to reduce barriers for access to land need to be accompanied by instruments that relax pre-existing
distortions in the land market. In the absence of these measures, pro poor land regulations may in fact exacerbate the
slum formation problem.
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1. BACKGROUND AND MOTIVATION

There is considerable evidence to show that the number of urban residents living in slums is growing
rapidly globally. Current estimates suggest that there are more than 1 billion slum dwellers worldwide, who
account for about 32 percent of the global urban population (United Nations 2003). With continuing rapid
growth of urban areas, improving the lives of slum dwellers is a high priority for national and city
governments and the international development community. The Millennium Development Goals, for
instance, advocate significant improvements in the lives of at least 100 million slum dwellers by 2020
(United Nations 2005). However, at this time there is very little empirical evidence on the determinants of
slum formation and identifying local and national policy environments that influence the capacity of cities to
manage the growth of slums.

In this paper, our main objective is to examine if specific local innovations and policies are associated
with managing the rate of slum formation. In particular, we focus our attention on urban land use and zoning
policies, which have been found to influence (formal) land prices (Glaeser et al. 2002 (USA), World Bank
2005 (India), 2004 (Bangladesh), local revenue collection (Smolka and De Cesare 2006), and informal
housing development. We explicitly examine how household migration and residential location decisions
interact with city level policies that govern the functioning of the land and housing markets. In terms of local
policies, we examine the influence of land use and zoning regulations in improving the city’s capacity to
absorb new residents. We start with the prior that slums (or informal sector housing) are a response to the
failure of the formal housing market to meet market demand. The supply elasticity of the formal housing
market may be influenced by land management regulations, which make new formal developments
unaffordable relative to incomes for the poor.

We use data from Brazilian cities to empirically examine how two particular land management
instruments — land use zoning and minimum lot size regulations influence migration and slum formation. Let
us consider how each of these instruments operates. Zoning regulations typically allocate land among
different uses to best reflect community preferences and prevent incompatible uses from being located near
one another. In general, zoning ensures that land is managed efficiently and stimulates the development of a
functioning formal land and housing market. This should increase the elasticity of formal land and housing
supply in response to demand and manage the rate of informal housing/ slum formation.

Some zoning regulations such as density controls are often put in place to help public authorities in
planning for the provision of public services such as sewage, roads, public schools, health services and
transportation. These density controls include minimum lot size regulations (or regulations on land sub
division) and setting floor area ratios (FARs), which specify the limit to vertical development on a plot of
land. In 1979 the Federal government in Brazil established the basic legislation at the national level (Federal
Law 6766) for developing, approving and registering urban land subdivisions (World Bank 2006). Among
these parameters are a minimum lot size of 125 m?, with a minimum frontage of 5 m, and a compulsory
donation of 35% of development area for public uses and open spaces. However, the Federal Law (article 4)
allows states and municipalities to waive federal subdivision regulations and lower the minimum lot size for
land to be set aside for developing low income housing. These areas are called Special Zones of Social
Interest (ZEIS; Zonas Especiais de Habitacao de Interesse Social).

Several cities such as Recife, Belo Horizonte, Porto Alegre and Belém have classified parts of their
jurisdiction as ZEIS to regularize informal settlements and produce affordable houses for the poor. These
ZEIS have flexible zoning regulations such as reduced minimum lot sizes (90 m? in Belem, 50 m? in
Fortaleza, and 40 m? in Belo Horizonte) and variable frontage (World Bank 2006).

In the empirical analysis, we examine how the presence of general zoning laws and flexibility in
defining minimum lot sizes influence formal housing supply and slum formation across Brazilian cities
between 1980 and 2000. While general purpose land use allocations should improve the functioning of the
formal land and housing markets, large lot regulations would raise the effective house price to income ratio
in the short term, and make formal housing unaffordable for many residents — particularly the poor. As a
consequence, there is a substitution effect and households choose to live in informal settlements- either by
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purchasing informally subdivided land or houses built on such developments. The long term implication of
these regulations is however ambiguous. These regulations may serve as newcomer taxes for potential
migrants, and may in fact reduce migration into the city. If the barriers to entry are sufficiently strong, the
demand on the formal supply system will drop and slum formation may possibly slow down. However, the
extent to which drop in migration is accompanied with an increase in formal housing supply remains an
empirical question.

The rest of the paper is organized as follows. In Section 2, we describe patterns of slum formation in
Brazil between 1980 and 2000. Next, we begin the empirical investigation by estimating the elasticity of
formal housing supply to meet additional demand, and the implications of inelastic supply response in terms
of slum formation. This is reported in Section 3. In Section 4, we outline a model and estimation framework
to examine the determinants of slum formation. In Section 5, we discuss results from the econometric
analysis and focus our attention on the effects of zoning regulations. Section 6 concludes.

2. SLUM FORMATION IN BRAZIL

Access to urban land and housing in Brazil has mostly relied on (1) the division of central and
peripheral land (loteamentos) and (2) the invasion of public and private urban land (favelas). As a result, in
main cities modern central areas are surrounded by irregular and illegal settlements which lack in drainage
and sewerage systems, health and education facilities, and green spaces. Public transport is insufficient and
expensive, and the quality of life in slums is very low.

What constitutes a slum? There are three forms of slums in Brazil: Favelas, corticos, and
irregular/clandestine loteamentos.” Favelas are the most common form of slums in Brazilian cities.’ They are
illegal settlements arising mainly from the invasion of public and private urban land. These invaded areas are
generally located close to city centers, but mostly unsuitable for human occupation due to geographical and
ecological factors. They lack in almost every element of urban infrastructure. Cortigos are high density
collective housing in city centers. They are old and subdivided into small rooms with many fire hazards, few
bathrooms, no formal rental relationships, no proof of payments, and often run by intermediaries connected
to the police and criminals (Saule 1999). Loteamentos are usually developed in peripheral areas irregularly, if
not also illegally. These land divisions typically do not comply with building quality or safety regulations
and not registered in the public registry office. Loteamentos developed in areas of contested ownership are
called “clandestine.” They differ from favelas, since the occupiers have bought their plots from whoever
presented themselves as landowners, and in most cases paid all due taxes.

Slum formation in Brazil: The slum definition and data that we use in this analysis come from the
Brazilian Geography and Statistics Institute (IBGE). As per IBGE’s definition, a slum is a “subnormal
agglomeration”, which satisfies the following three conditions: (i) a nucleus (group) made up of over 50
housing units, (ii) land occupation is illegal, and (iii) meets at least one of the following criteria of (a)
urbanization in a disordered pattern (for example, narrow and winding roads) and (b) lack of essential public
services and utilities.* The IBGE definition has limitations such that it would under count residents in
Cortigos and some Loteamentos. This is evident in comparisons of IBGE slum data with other survey data
sources. For example, a 1993 survey in Sao Paulo done by the Economic Research Institute Foundation of
the University of Sao Paulo reported 1.9 million slum dwellers (19.8% of the population), but the IBGE
census in 1996 affirmed only 748,000 slum dwellers in the city, the equivalent of 7.6% of the population (Fix
et al. 2003). However, the IBGE data are the most comprehensive and systematically compiled source that
can be used for examining slum formation across the Brazilian urban system.

? For detailed description, consult Fernandes (1997) and Krueckeberg and Paulsen (2000).

* The name comes from a mountain (Morro de Favela) in the center of Rio de Janeiro, occupied by squatters in 1906.

* These housing units must have at least two public services (for example, electricity and piped water, or piped water and sewage)
in order to be not considered as a slum.



Our analysis is based on IBGE slum data from the Population Censuses of 1980, 1991, and 2000. Our
sample consists of 123 agglomerations, which includes 447 MCAs (Minimum Comparable Areas). We link
the dataset developed in Da Mata et. al (2005) to slum formation rates for this analysis. Appendix A provides
a detailed description of data sources and variable definitions used in this analysis.

In Table 1, we present summary statistics of city population, housing stock, slum dwellers and slum
units. The growth of slum dwellers and slum units in cities has been much higher than those of total city
population and housing stock. The annual growth rates of slum dwellers in cities in the 1980s and 1990s were
5.5% and 3.9%, respectively which are much higher than city population growth (2.4% and 2.0%) as a
whole. As a result, the share of slum dwellers relative to city population increased from 3.6% in 1980 to
6.0% in 2000. Across cities, we find in Table 2 that the largest cities have the highest rates of slum
formation. As of 2000, the four largest cities (with populations more than 4.2 million) collectively have 3.6
million slum dwellers, accounting for 9.1% of the total population. At the lower end of the urban hierarchy,
there are 57 small cities with less than 202,000 people, where slum dwellers only account for 1.2 % of the
total population. At the same time the share of formal houses relative to the total housing stock decreases as
city size increases (the last column in Table 2).

Figure 1 displays the top ten cities in terms of slum formation rates between 1980 and 2000. Most of
these cities are located along the southern coastline, suggesting that local and regional characteristics may
influence slum formation. Interestingly, Figure 2 and the corresponding OLS regression show no statistically
significant relationship between slum growth and city population growth. This would suggest that slum
formation is a complicated process influenced by various city characteristics, rather than simply proportional
to city size growth itself.

Figure 3 and corresponding OLS result show a statistically significant and negative relationship
between the slum growth and the growth of formal housing stock between 1980 and 2000.” For example, the
two cities in the bottom right of Figure 3 are Cuiaba and Campo Grande. These two cities successfully
increased formal housing stock at the annual growth rates of 5.9% and 5.6% respectively between 1980 and
2000, and were able to manage slum formation (slum growth rates are -3.5% and -6.9% annually).

In the following two sections, we identify factors that influence formal housing supply and slum
formation. Section 3 considers short term effects where we focus on the functioning of the formal housing
market and the price elasticity of housing supply. We assume the size of formal housing market is fixed, i.e.,
the number of households who buy formal houses is exogenously given. In Section 4, we extend this model
by allowing households to migrate across cities and choose whether to live in formal or informal
developments. Therefore, growth of the formal housing market and city population are endogenously
determined. Slums are created when mobile households decide to build houses “informally” in the city.

3. FORMAL HOUSING SUPPLY

Recent empirical research suggests that the elasticity of housing supply varies significantly across
cities within a country (Green, Malpezzi, and Mayo 2005) and across countries (Malpezzi and Mayo 1997;
and Malpezzi and Maclennan 2001), and that these differences are mainly driven by restrictive zoning and
other land use regulations (Saks 2005; Glaeser, Gyourko, and Saks 2005a,b; Green, Malpezzi, and Mayo
2005; Quigley and Raphael 2005). Much of the existing empirical evidence is based on data from developed
countries, particularly the United States where market clearing is implicitly assumed: i.e. housing prices and
the housing stock adjust to external shocks, and the housing market is in equilibrium. However, this market
clearing assumption is unlikely to hold in many developing countries where the capacity of the formal
housing market is so limited that the urban poor and even middle income households resort to informal
housing solutions.

> Formal housing stock is defined by the difference between the number of total housing units and the number of slum units.
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In our analysis, we distinguish between formal and informal housing sectors. When city regulations
make it difficult for residents to enter the formal housing market, housing demand will be met via informal
solutions. In this regard, the price elasticity of housing supply measures the capacity of the formal housing
sector to absorb urban migrants into the system. Inelastic housing supply limits the housing stock adjustment
in response to migration and urban expansion, and therefore stimulates slum formation. We develop a slum
formation model which accounts for this housing market disequilibrium. This model provides the framework
for our empirical work. We estimate a reduced form equation for the formal housing market.

Aggregate Formal Housing Market

We use the aggregate housing market model of Malpezzi and Mayo (1997) to define the formal
housing market.® Consider a model of three equations which describes the formal housing market of city i in
year ¢.

InFH] =a,—a,InP, +o,InY, + &, InFN,
lnFHif =B, + 6 InPp, (1)
InFH? =InFH
Formal housing demand of city 7 in year ¢ (FH D ) is a function of (formal) housing price (Pl.t), average per

capita income (Y, ), and the number of people who live in formal houses (FN,). The supply of formal

it
houses (FH ,f) responds to the housing price. Since we use the natural logarithms of variables, we can
interpret the coefficients as elasticities. ¢, (052) is the price (income) elasticity of housing demand, and S,
the price elasticity of housing supply.

Since Brazil does not have city-level housing price data, we need to solve the model as function of
housing quantity rather than housing price. We solve the first two equations forlnP,, equate them, and

rearrange it as a function of the formal housing stock (In FH, ). After substituting it into the housing market

clearing condition, we can get the following reduced form equation which describes the equilibrium of the
formal housing market:

nFH, = 2P | by, 0B gy 2)

it

al+131 0(1+ﬁ1 0(1+181

One advantage of solving for housing stock rather than housing price is that we can get rid of a
potential sample selection bias problem of choosing different parts of a long-run cyclical movement of
housing prices.’

The demand and supply shift terms of the formal housing market (050,,50) may vary across years.

With a simple approximation such that ()= 0(=0 + 0(_0 -t and B,(t)= 70 + FO -t , where ¢ 1s a time trend, and
first differencing of eq. (2) we can obtain a formal housing stock growth equation:

Anpr, =GP OB | OB gy OBy )

I

al+181 a1+ﬂl a1+181

® Malpezzi and Mayo (1997) and Malpezzi and Macleannan (2001) solve aggregate housing demand and supply equations for
housing prices which are observable in their data. Mayer and Somerville (2000) estimate housing supply (new housing
construction) as a function of changes in housing prices and costs. Green, Malpezzi, and Mayo (2005) estimate housing supply
elasticity as a function of housing price, population density, and regulatory index. Finally, Glaeser, Gyourko, and Saks (2005b)
construct a model of housing supply and urban dynamics, and estimate the effects of productivity shocks on changes in income per
capita, housing prices, and population.

" Malpezzi and Maclennan (2001) present that many differences across studies on the price elasticity of housing supply estimates
can be explained by the fact that the cycle in housing prices is a long one and that different researchers have examined different
parts of the cycle.



Housing Elasticity and Slum Formation

The price elasticity of formal housing supply is intuitively linked to slum formation —i.e. a
substitution effect into the informal sector when the formal housing market is unresponsive to changes in
demand. Figure 4 illustrates the effects of different housing supply elasticities on supply adjustment of the
formal housing market and slum growth. Consider two cities which are identical except for formal housing
supply elasticities: (i) a city of inelastic housing supply (ie) and (ii) a city of elastic housing supply (e). And

assume that they have the same population growth|AN,, = AN, = AN ).8 Population growth increases overall

housing demand and therefore pushes up formal housing prices. Suppose two cities have the same formal
housing price increases (ARe =AP = AP) Even though these two cities show the same population growth

and formal housing price increases, the formal housing supply adjustment and slum formation will vary due
to differences in formal housing supply elasticities.
For the city of inelastic housing supply, the supply adjustment responding to housing price increase

(E) is limited and only accommodate a small fraction of population growth (AFN N ) However, the city of
elastic housing supply responds to the same housing price rise by a significant increase in the formal housing
stock, and therefore accommodates more new residents (AFN, > AFN, ). Since AN = AFN + Aslums , slum

formation in the city of elastic housing supply is lower than that of inelastic housing supply
(Astums, < Aslums.,).

Estimation Strategy and Findings

In estimation, we focus on the growth version of housing supply as in eq. (2°). A growth, as opposed
to a levels version has advantage of differencing out time invariant fixed effects which differ across cities. A
growth formulation also allows us to move beyond the long run equilibrium allocation framework and
incorporate dynamic adjustment processes, as discussed later. We now discuss the main findings of housing
supply growth model. Table 3 shows results of estimating the formal housing stock growth equation of eq.
(2°). We pool two periods of formal housing stock growths (2000-1991 and 1991-1980), and reports OLS
results with Breusch-Pagan /Cook-Weisberg test for heteroskedasticity. We cannot reject the null hypothesis
of homoskedasticity. Column 1 is for all cities in the sample (123 cities), and column 2 is a subset of 72 cities
where we observe slums. All coefficient estimates have expected signs, and are statistically significant except
for per capita income in column 1. Both growth in per capita income and formal house residents raises the
growth rate of the formal housing stock.

As illustrated in Figure 4, if a city’s formal housing supply is elastic, an outward shift in housing
demand results in a large increase in housing stock and a relatively modest housing price increase. However,
if housing supply is inelastic, we expect less supply adjustment and a significant housing price increase. In
this regard, the price elasticity of housing supply has an important policy implication. However, we cannot
directly measure the housing supply elasticity due to a standard identification problem.’ Malpezzi and Mayo
(1997) and Malpezzi and Macleannan (2001) solve this problem by assuming the housing demand elasticities
are in a certain range.

Malpezzi and Mayo (1997) suggest that reasonable bounds for the price elasticity of housing demand
would be between -0.5 and -1.0, and the long-run income elasticity between 1.0 and 1.5. Malpezzi and
Macleannan (2001) also propose similar bounds for the United States and the United Kingdom: between -0.5
and -1.0 for the price elasticity of demand, and between 0.5 and 1.0 for the long-run income elasticity of

¥ In principle, city (population) growth could be completely determined by other variables, with the housing supply simply
responding to those factors. Here we assume population growth is exogenous.

? The 4 parameters (05, ,a,,04, B ) in eq. (2°) cannot be identified from 2 coefficients estimates ([;1 = az—’gl , ];2 = %—ﬂlJ .
al + IHI al + ﬁl
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demand. Table 4 calculates the imputed price elasticity of housing supply (Bl) based on coefficient estimates
in Table 3. The calculation is from a range of assumptions about housing demand elasticities (¢,,a, )
mentioned above. We assume the price elasticity of housing demand (z,) to be between -0.5 and -1.0, and
the income elasticity of housing demand (z,) between 0.5 and 1.5. The imputed price elasticity of housing
supply turns out to be very inelastic ranging between 0.01 and 0.1. Inelastic housing supply suggests that the
formal housing market in Brazil does not respond to outward shifts in housing demand from urban migration,
and results in large scale slum formation.

When comparing other countries in column 5 and afterwards, the imputed Brazilian housing supply
elasticity is similar to those in Malaysia and South Korea, which were regarded to have restrictive regulatory
environments. It is much lower than the elastic housing supply of the United States that ranges between 6 and
19. However, this interpretation has a limitation that the housing supply in Brazil is measured by the number
of houses rather than the quality adjusted amount of housing services. In the next section, we examine the
determinants of housing supply and slum formation, with particular focus on land use regulations.

4. MIGRATION AND SLUM FORMATION

4.1. Model

We extend the formal housing market model presented in the previous section to a slum formation
model by including a households’ decision of (i) which city to migrate, and (ii) whether to live in the formal
or informal (slum) sectors. We assume no migration costs and two types of houses: (i) standardized formal
houses which are built following land use regulations and traded in the formal housing market, and (ii)
substandard informal houses which are built illegally. After migrating to a city, a household decides whether
to (i) buy a (standardized) formal house in the formal housing market, (ii) build it formally, or (iii) build it
informally. Developers also build and sell formal houses in the formal housing market.

Migration decision

Suppose that people can migrate freely across cities. Then city communities may exercise political control
over land use within their jurisdiction in order to maximize the welfare of current city residents. Land use
regulations can inhibit migration of the urban poor and service as a newcomer tax or an exclusionary
mechanism. Given this entry barrier, poor urban migrants are more likely to migrate to cities with less
stringent land use regulations. At the same time, migration decision also depends on real disposable incomes
after paying for houses, or housing price relative to incomes(P/Y), which migrants expect to earn in the

city. Then migration, or city population growth, can be formulated as
dinN=InN,-InN,_, =d,—d,InR_ —d,In(P_ /Y_) 3)

where R is a measure of stringent land use regulations, and d,,d, >0.

A household’s decision to live in the informal sector

We assume that households can measure their hedonic preferences for each house types, and that a
household’s willingness to pay (WTP) for a formal house is greater than an informal house, such that
WTP™ —wTP"™ >0 . However, as various (stringent) land use regulations (R) increase construction costs,
the total construction cost (7C) of a formal house is greater than that of an informal house:

FH
TC™(R)-TC"™ >0, where % >0."" A household builds an informal house, if the construction cost

1 . . . . . .
% Informal house construction costs are assumed to be fixed, as informal house construction does not comply with cost-increasing
regulations.



differential between the formal and informal houses is greater than the welfare gains from a formal house,
Tc*™(Ry-TC™" >wTP™ —wrP™

While the welfare gains from a formal house is greater than the construction cost differential such that
wrTP™ —wTP"™ >TC™ (R)-TC"™ , a household with limited access to credit market may decide to build

an informal house. It is the case where the total construction cost of a formal house, which is equal to the
formal house price (P) under free-entry competition, is much higher than household’s budget constraints or

income (V). Formally, a household builds an informal house if §>/1, where A is a threshold to build

informal houses.

NI—FNI_N,_l_FNz—l :dSh/lm(R Pfl/thl)’ where

t=1°>" ¢

Then slum growth can be approximated as:

Nt NH
ddstum() >0, adslum() > 0. A log linear approximation becomes
oR,., IE/Y,)
dinN—-dInFN =c,+c¢,InR,_ +c,In(P_ /Y,_,) (4)

where ¢,c, >0.

A System of Equations
We incorporate into the formal housing market model a household’s (i) migration decision (eq. 3) and (ii)
formal/informal house choice decision (eq. 4). Therefore, growth of city population and formal housing
market are endogenously determined by the system of equations below.

dinN=d,~d InR_ —d,In(P_/Y_)

dinN-dInFN=c,+c,InR_ +c,In(P,/Y,)

dinFH” =a,—a,InP_ +a,InY_ +a,dIn FN (3)

dinFH® =b,+b InP_ —b,InR _,

dinFH” =dInFH®
In the system of equations in eq. (5), we consider the formal housing market in the short-term adjustment
model where a base period’s housing price and per capita income level influence housing stock adjustment in
the subsequent period. Therefore it differs from the long-term (static) model of eq. (1). In addition we add the
effect of land use regulations on formal housing supply (— bz), where a base period’s stringent land use

regulations reduce formal housing supply growth.
We solve the system of equations of eq. (5), and get the following equilibrium:

[(al t+aye, +ayd, )by +(ag +ase, +asdy by ]+ [az +ay(c, +d, )]bl Iny_,
- [a3bl (Cl +d, )+ (al +a,c, +a,d, )bz ]lnRH
(6)
a, +b, +a3(c2 +d2)
[(al +b, )(do - Co)_ (ao —b, )(Cz +d, )] + [(al —a, +h )(Cz +d, )] In Yt—l}
(7)

dlnFHe={

- [(al +b, )(Cl +d, )+ b, (cz +d, )] InR_,
a,+b +a(c, +d,)
[(al +a,c, + b )do + (_ ay +asc, +b, )d2]+ [a1 —a,+h ]dz InY,
- [(al +a,c, +b, )dl + (bz — a6 )dz]ln R, }
a,+b +ay(c, +d,)
The equilibrium growth of slum share becomes

dIn FN° ={

dInN°¢ :{ )]



Ne=ENe N =FNey 0 Ne — din FN
N, N,

t

{[(Cﬁ +b, +asd, )co + (ao —by +a,d, )cz]_<a1 —a,+b )Cz lnYtl}

Aslum _share® =

+|(a,c, +byc, +byc, +a,e,d,)—asc,d, |InR,_,

- a1+b1+a3(cz+d2) . ©)
Comparative Statics
Land Use Regulations
The effect of land use regulations on slum growth is “ambiguous”, such that

0Aslum _share* _ (a,c, +byc, +b,c, +ase,d,)—ayc,d, =0 (10)

olnR, _, a,+b +ay(c, +d,)
If a city has strict land use regulations, the current urban poor in the city are likely to resort to informal
housing solutions. However, strict regulations may provide unfriendly signals to potential newcomers and
will inhibit migration, particularly of the poor. This will reduce new slum formation. Therefore the net effect
of whether land use regulations increase or decrease slum formation depends on the relative sizes of these
two opposing effects.

Income Effect
The income effect on slum growth is also “ambiguous”, such that
OAslum _share® _ (a, —a, +b,)c, >0 (11
dlnY, a,+b +a,(c, +d,)"

An increase in household income has a direct positive effect on formal house demand, and therefore
decreases slum formation (income effect). However, an increase in formal house price (due to demand shift-
up) will force households to build informal houses (substitution effect). The net effect depends on the extent
to which the formal house price increases relative to income growth. It can be shown that the increase in
formal house price is larger than income growth if @, —a, +b, <0."" In this case, economic growth ends up
increasing slum formation. Finally, if the households’ budget constraints does not affect its decision of
whether to build formal or informal houses (c, = 0), then slum formation is independent of economic growth

OAslum _share 0
dlnY, '

These comparative static results highlight an important link between economic growth and slum
formation. Our simple model shows that economic growth does not necessarily reduce slum formation. In

some circumstances, such as the existence of inelastic housing supply (b1 i), low price elasticity of housing

demand (al \L), and high income elasticity of housing demand (a2 T), economic growth can in fact increase
slum formation.

4.2. Estimation Strategy

We construct a system of regression equations which describes equilibrium formal housing market
growth (eqs 6 and 7), city population growth (eq. 8), and slum growth (eq. 9). We add to each growth
equations base period sizes to incorporate mean reversion (due to random external shocks) or some
conditional convergence in growth of city population and the formal housing market. In either case, we
expect growth rates depend negatively on their initial sizes.

InP _ a,+ayc,

dln _
. Therefore , a—>1 ifa, —a, +b, <0.

"1t can be shown from eq. (5) that =
olnY a,+b +ayc, InY



dinFH,, =0, +a,InY,,  +a,InR,,  +a;InFH,,  +¢,
dInFN,, =, +pBInY,  +B,InR _ +BInFN,  +u,
dinN,, =y, +y,InY, +y,InR _ +y,InN,,
Aslum _share,, = A + A4 InY,,_ + A, InR

(12)

+V,
+0

it

+ Ayslum _share

it-1 it—1
Since each equation in eq. (12) is a solution of the system of equations in eq. (5), the error terms
(é‘i’t, /ui,t’vi,tﬁvi,t) are correlated. Based on the structural relationship among eqs (7), (8), and (9), we impose

cross-equation parameter restrictions such that
A=n-5 (13)
A=y, =P
In order to utilize these two information, we estimate the system of regression equations of eq. (12) using
Zellner’s Seemingly Unrelated Regression (SUR) method. The SUR is iterated until the parameter estimates
converge, and this iteration converges to the Maximum Likelihood results. As we expect higher correlation
of error terms across equations and the parameter restrictions of eq. (13), the SUR will be more efficient than
single-equation OLS. We estimate and compare the results of two samples: (i) a full sample of 246
observations (123 agglomerations and two time periods (2000-1991, 1991-1980), (ii) a sub-sample of 144
observations where slums are observed.

5. EFFECTS OF LAND USE REGULATIONS

We now discuss results of the econometric analysis and try to identify the impacts of land use
regulations. We have two measures of urban land use regulations: minimum lot size regulations and urban
zoning regulations. For the minimum lot size regulations, we have whether or not municipios have minimum
lot size regulations below/above 125 m’. Each municipio’s information on minimum lot size regulations is
then aggregated to agglomeration levels using municipio populations as a weight. In this way we calculate (i)
agglomeration-level population shares with minimum lot size regulations below 125 m? and (ii) those above
125 m®. For the urban zoning regulations, we calculate agglomeration-level population shares in the same
way: aggregating municipio-level information on the existence of urban zoning regulations into
agglomeration levels using municipios populations as weights.

A caveat is that we only observe urban land regulations as of 1999. This weakens the analysis as we
don’t have much time variance in the data. However, we are interested in (i) seeing if cities have moved
away from the federally mandated 1979 lot size regulation and developed their own zoning plans, and (ii)
their impacts on migration and formal housing market. In this context, our (time-invariant) land use
regulation variables will reasonably capture local regulatory environments which influence slum formation.

We first look at the results of the full sample (246 observations) estimation. We add to each equation
(i) base period endowments that may capture mean reversion, and (ii) a dummy for state capitals, which
could be more favored with resource allocation and investment in unobserved amenities. Tables 5-1 to 5-3
show constrained SUR results in various specifications. In all specifications we find that in general, cities
who have instituted regulations to lower land subdivision sizes from the Federal specification of 125 m” have
experienced higher rates of slum formation. In the tables, this variable is defined as “pro-poor minimum lot
size regulations” and calculated by taking the difference between the population share under minimum lot
size regulations below 125 m’ and that of above 125 m’. We assign a value of 1 if a city does not have
minimum lot size regulations. We find that reducing minimum lot sizes increase migration as well as formal
house residents, even though both are not statistically significant. However, as the resulting city population
growth is higher than formal housing supply growth, we observe a statistically significant increase in slum
formation. While it would be interesting to find out the reasons why some cities enacted pro poor subdivision
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standards, we do not have information on the political economy of the land management process to comment
on this. We however checked and could not find evidence to support systematic selection bias arising from
differences in incomes or city size.

This empirical result that pro-poor land use regulations encourage immigration of the poor and indeed
increase slum formation is consistent with the finding of Glaeser et al.(2000) who find that urbanization of
poverty in the US can be attributed to central city governments’ favoring the poor (relative to suburban
governments).

The effects of general purpose urban zoning regulations are quite different from those of pro-poor
minimum lot size regulations. Urban zoning regulations are expected to improve urban land use efficiency, in
particular of formal (housing) sector. Adequate planning facilitates timely infrastructure investment and large
scale urban development. Efficient land use also improves urban productivity. In all specifications, we
observe urban zoning regulations have positive and statistically significant effects on the growth of the
formal housing market and city population. As the effects on city population and formal housing supply are
of the same magnitudes, their opposite effects on slum formation are cancelled out. While urban zoning
regulations increase city growth and have beneficial effects on formal housing sector, zoning regulations do
not have distinct effects on slum formation.

Now we turn to the other interesting findings. In all specifications we observe very strong mean
reversions. Base period endowments of the formal housing market (formal housing stock and residents), city
population, and therefore slum formation have negative and statistically significant (at the 1% levels) effects
on their subsequent growth. It suggests either mean reversions from random external shocks or some
convergence, or both.

State capitals display higher growth of the formal housing market and city population than other
cities. It may reflect disproportionate state resource allocation biased towards state capitals, in particular with
respect to infrastructure and public services. However, the beneficial effects of formal housing market
growth are cancelled out by the same magnitude of city population growth. In sum, there is no net effect on
slum formation.

We also find that cities with higher initial per capita incomes have lower slum formation. In all
specifications, the estimated effects of initial per capita incomes on formal housing market growth (formal
housing stock and residents) and population growth are positive and statistically significant. As the formal
housing market growth is much higher than population growth, we observe in all specifications a negative
and statistically significant (at the 5% levels) initial income effect on slum formation. For example in
specification 4 of Table 5-2, a 10% increase in base period’s per capita income raises city population growth
rate by 0.35%p (over 10 years) and formal house residents growth rate by 0.40%p (over 10 years). Therefore,
it decreases slum shares by 0.05%p (over 10 years). The income effect dominates the substitution effect, and
O0Aslum _share 0

InY

economic growth reduces slum formation, thus confirming eq. (11) for Brazil that

Finally, we experiment the effects of other local characteristics (in the base period) which may
influence city growth, formal housing supply and therefore slum formation.'”> We measure geographical
dispersion of city population by the ratio of the standard deviation to the mean of city population at MCA
levels. We find that more dispersed cities experience smaller increases in formal housing supply and lower
population growth. Infrastructure and public service provision will cost more in dispersed cities, and
therefore they will experience difficulty in increasing formal housing stock which requires adequate basic
public services. However, there is no net effect on slum formation as two opposite effects on city population
and formal housing supply are cancelled out. Being located in semi-arid areas and inter-city transport costs

12 Glaeser at al. (2000) shows that urbanization of poverty in the US would be a result of better access to public transportation
services in central cities.
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do not have statistically significant effects on slum formation when we control for other determinants listed
13
above.

Sub-Sample: Robustness test

Cities that already have slum dwellings may function differently from those which do not have slums.
In this regard, we restrict the sample and re-estimate only for the cities which have slums. This reduces
sample size to 144 observations. Table 6 shows constrained SUR results for this sub-sample (for all variables
as in the specification of table 5-3). Basically we observe very similar results.

There are strong mean reversions and favoritism towards state capitals. Cities with higher initial per
capita incomes have lower slum growth in all specifications."* Pro poor minimum lot size regulations
increase both migration and formal house residents, now both become statistically significant. As city
population growth dominates formal housing supply growth, we observe statistically significant and positive
effect of pro-poor minimum lot size regulations on slum formation. Urban zoning regulations raise the
growth of the formal housing market and city population at the same magnitude, and therefore there is no net
effect on slum formation. Again, other local characteristics, such as geographical dispersion of city
population, semi-arid areas, and inter-city transport costs, have similar effects as in the full sample. These
sub-sample results confirm that there is no statistical difference between the full and sub-samples.

6. SUMMARY AND CONCLUSIONS

In this paper, we examine the effects of land use and zoning regulations on housing supply and slum
formation across Brazilian cities between 1980 and 2000. We find very inelastic housing supply in the
Brazilian formal housing market, which limits formal housing supply adjustments in response to demand
increases, and therefore increases slum formation. The imputed Brazilian formal housing supply elasticity is
similar to those in Malaysia and South Korea, which have been regarded to have restrictive regulatory
environments.

We also find that land use regulations that manage densities — in particular, minimum lot size
regulations, have important effects in terms of housing supply and slum formation. Contrary to conventional
wisdom, lowering minimum lot size regulations do not lead to a reduction in slum formation. If city
population growth were exogenous and households did not consider local regulations in their migration and
residential location decisions, then lowering minimum lot sizes would allow cities to accommodate more
residents into formal housing developments — and unambiguously reduce slum formation.

However, when we consider that regulations are a part of household migration and residential choice
decisions, the exact effect of lowering regulatory standards is not obvious. In fact, our model suggests that
the net effect of land regulations depends on the extent to which new formal housing supply absorbs new
demand, both from current informal sector residents and migration induced by lowering regulations. Our
estimation strategy considers both effects, and we find that cities that lowered minimum lot size regulations
from the Federal stipulation of 125 m” experienced higher growth in the formal housing stock. However, this
was also accompanied by higher population growth from migration, and the resulting city population growth
was higher than the formal housing supply response, exacerbating the slum formation problem.

Local innovations that increase access to land for the poor — such as flexible land sub divisions — are
welfare enhancing as they allow houses with different specifications to be available in the market, thereby
allowing low income residents to benefit from services that meet their preferences (and affordability).
However, if some cities offer improved access to land compared to their peers, these cities are likely to
disproportionately attract (poor) migrants. If the induced population growth is higher than formal housing

'3 The definition of inter-city transport costs is in Appendix A.
'* While the combined effects on slum formation is negative and statistically significant, the separate effects on city population and
formal housing market become statistically insignificant.
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supply adjustment, informality is likely to grow. Cities that absorb migrants increase welfare — and in this
context the challenge is to identify strategies that increase formal housing supply relative to population
growth. The econometric results should not be viewed as a failure of flexible zoning to reduce slum
formation. Rather, the focus should be on identifying pre existing distortions in the land and housing market
that reduce the formal housing supply response to additional demand.

Two important issues for future research emerge from this analysis. First, to understand why some
cities deviated from the federally stipulated minimum lot specification of 125 m” to favor low income
housing development. And second, to identify sources of land and housing supply distortions that reduce the
elasticity of formal housing supply.
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Table 1. City Growth *

1980 1991 2000
units in cities

population (a) 62,390,783 80,885,091 96,951,317

housing units (b) 14,012,484 20,564,931 27,126,584

slum dwellers (c) 2,224,164 4,084,051 5,775,890

slum units (d) 476,292 943,667 1,488,779
share to total (%)b

population 52.42 55.09 57.10

housing units 55.40 58.03 59.61

slum dwellers 97.45 91.11 88.38

slum units 97.56 91.72 89.53
annual growth rate (%)

population 3.69 2.36 2.01

housing units 4.93 3.49 3.08

slum dwellers 5.52 3.85

slum units 6.22 5.07
slum shares in cities (%)

population (c/a) 3.56 5.05 5.96

housing units (d/b) 3.40 4.59 5.49

a.123 agglomerations covering 447 MCAs (Minimum Comparable Areas).
b. Share to total is the ratio of 123 urban agglomerations (447 MCAs) over the total 3,659 MCAs.
c.Annual growth rates are for 1970-1980 (in 1980 column), 1980-1991 (in 1991 column), and 1991-2000 (in 2000 column).

o

Table 2. Slum Formation by City Sizes, 2000°

no. no. slum no. no. formal
city size® no. | population | dwellers, | Slum share | housing houses / no.
Y cities ,a b (b/a, %) stock, total houses
(thousand) | (thousand) (thousand) (%)
5.301 < pop/mean
(4.178M < pop) 4 39,095.6 3,566.4 9.12 11,409.6 91.78
1.340 < pop/mean < 5.301
(1.056M < pop < 4.178M) 11 25,260.3 1,583.4 6.27 6,786.9 94.18
0.812 < pop/mean < 1.340
(640K < pop < 1.056M) 14 11,682.8 302.5 2.59 3,160.4 97.62
0.469 < pop/mean < 0.812
(370K < pop < 640K) 17 7,699.9 154.7 2.01 2,098.7 98.20
0.256 < pop/mean < 0.469
(202K < pop < 370K) 20 5,879.1 81.1 1.38 1,624.3 98.80
pop/mean < 0.256
(pop < 202K) 57 7,333.5 87.8 1.20 2,046.8 98.86
Total 123 96,951.3 5,775.9 5.96 27,126.6 94.51
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Population, slum dwellers, and housing stock are the sums of city figures in each groups.
“pop” refers to city population, and “mean” the average city population.




Table 3. The Formal Housing Market

Dependent variable: (1) 2)
Aln(no. Formal houses) OLS OLS
Aln(income per capita) 0.020 0.051*

(0.016) (0.020)
Aln(no. people in formal Houses) 0&3:5081*;* 0&3%081*9?*
time dummies Yes Yes
Observations 246 144
(no. cities) (123 cities) (72 cities)
Adjusted R? 0.945 0.956
Test for heteroskedasticity®
Zz (1) 1.60 0.99
(p-value) (0.206) (0.321)

**%* significant at 1% level; ** significant at 5% level; * significant at 10% level.
a. We report the result of Breusch-Pagan / Cook-Weisberg test for heteroskedasticity.

Table 4. The Imputed Price Elasticity of Housing Supply

o | PSRN g namo oo | M
a, a, | Column (1) | Column (2) | Malaysia I%z;g; Thailand poljti:ar politlj\;ar
-0.5 | 0.5 0.021 0.057 0.000" 0.000" oo 6.079 0.000"
-0.5 | 1.0 0.010 0.027 0.068 0.000" oo 12.658 0.488
-0.5 | 1.5 0.007 0.018 0.352 0.174 oo 19.237 0.982
-1.0 | 0.5 0.042 0.114 0.000° 0.000" oo 5.579 0.000°
-1.0 | 1.0 0.020 0.054 0.000" 0.000" o0 12.158 | 0.000°
-1.0 | 1.5 0.014 0.035 0.000" 0.000" o0 18.737 0.482

a. The imputed supply price elasticity was negative, and set equal to zero.
b. The point estimate of the reduced form coefficient was negative, and interpreted as perfectly elastic.
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Figure 4. Housing Supply Elasticity and Slum Formation.

FH?  FH' FH? » FH}

’ FH \
P \ 0 \\ FHS
AF M)\ AFN. ., e

<« < N
\\
Py+AP A
\
\ N \
Py N N
\\ \\
N \
\
FH,, FH,+~AFH,, FH FH, FH,+AFH, FH

(a) a city of inelastic housing supply (b) a city of elastic housing supply

Appendix A. Data sources and definitions

The data used for the analysis were produced through a joint research program between IPEA,
Brasilia and the World Bank. There is no official statistical or administrative entity in Brazil that reflects the
concept of a city or urban agglomeration that is appropriate for economic analysis. Socioeconomic data in
Brazil tend to be available for municipios, the administrative level for local policy implementation and
management. Municipios, however, vary in size. In 2000, Sdo Paulo municipio had a population of more than
ten million, while many other municipios had only a few thousand residents. Furthermore, many functional
agglomerations consist of a number of municipios, and the boundaries of these units change over time.

Our analysis therefore adapts the concepts of urban agglomerations from a comprehensive urban
study by IPEA, IBGE and UNICAMP (2002), and modifies this classification slightly by also including
smaller municipios to existing agglomerations if their population exceeded 75,000 population and more than
75 percent of its residents lived in urban areas in 1991, or if they were completely enclosed by an
agglomeration. To create a consistent panel of agglomerations, we therefore used the Minimum Comparable
Area (MCA). MCAs group municipios in each of the census years so that their boundaries do not change
during the study period. All data have then been aggregated to match these MCAs. The resulting dataset
represents 123 urban agglomerations that consist of a total of 447 MCAs. Based on matching between
municipios and agglomerations listed above, municipio-level data are aggregated to agglomeration levels
using population or geographical area sizes as weights.

The sources of population, housing, income and slum data are the Brazilian Bureau of Statistics
(IBGE) Population Censuses of 1980, 1991 and 2000. Per capita income figures are compiled from monthly
data, deflated to 2000 Real (R$). Bureau of Statistics (IBGE) Municipalities Profile of 1999 (Perfil dos
Municipios Brasileiros 1999) provided the land use regulations data. Semi-arid information stem from
IPEA’s Simbrasil dataset.

The transportation costs between municipalities and the nearest State capitals come from Professor
Newton De Castro at the Federal University of Rio De Janeiro, and available at www.ipeadata.gov.br. We
divide that variable by distance from the city to the state capital to get a city specific measure of local unit
transport costs, defined as “intercity transport costs”. We use 1980 value for years 1980 and 1990, and 1995
value for 2000.
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