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Localities in developed countries often enact regulations to restrict supply and raise the price of
housing, deterring low-income households from moving in. In developing countries, formal sec-
tor supply restrictions lead to informal housing sectors not governed by these restrictions. To
deter low-income migrants, localities in developing countries withhold public services to the in-
formal sector, where low-income migrants live, creating a disincentive for them to enter. Using
a large sample of Brazilian localities, we examine migration and exclusion, focusing on the pub-
lic provision of water to small houses in which migrants are likely to live. Withholding water
connections reduces the growth rate of low-education households; but, perhaps because of nega-
tive externalities, it also reduces the growth rate of high-education households. In terms of ser-
vice provision, in the pre-democracy era in Brazil, while richer localities provided more servic-
ing to migrant housing (a wealth effect) and larger localities provided more servicing (a scale
effect), being both rich and large was associated with reduced servicing, which we interpret as an
intention to deter in-migration. Such effects are not found for non-migrant housing or during the
democratic era.
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Macae, Brazil (Reuters, March 19, 2008) - Thin black water hoses shake across the ground all over Nova
Holanda, a workers' neighborhood on the edge of the Brazilian boom town of Macae. Oil and gas may
have brought riches to the former fishing village but water is almost as precious. Over the years, thou-
sands of job seekers have flocked to the area, building homes wherever there's a patch of ground. But
Nova Holanda has only one standpipe linked to the city's main system -- forcing people to install a make-
shift system of their own with hoses...... [Santos] and many other people installed the hoses so they can
sell water from the city system at a price of about 10 reais ($6) for 100 liters. The rough conditions make
Nova Holanda a hostile, dirty and violent place....... Macae represents the country well, with its wealth
concentrated in a very small elite. ““We cannot end those infrastructure flaws that have lasted dec-

ades...... Eventually it will be finished, maybe in thirty years.” (Romulo Campos, city spokesman).

1 Introduction

In developing countries during periods of rapid urbanization, urban areas often house significant
portions of their populations in slums or informal housing sectors. For Brazil this is illustrated by the
growth of its now infamous favelas and loteamentos. Today, these types of settlements are a growing
phenomenon in South and South-East Asia, Sub-Saharan Africa, and in the urban villages of Beijing and
other Chinese urban areas. Informal housing sectors are usually characterized by low housing quality and
varying degrees of tenure insecurity. Perhaps more critically, they tend to be cut off from basic urban
services, such as piped water from the local water authority, which makes living conditions expensive,
unpleasant, and unhealthy.

Lack of servicing in the informal sector is not due to lack of demand for services on the part of
residents. For example, water is essential and obtaining water privately is far more costly than the social
user cost of public supply. While lack of servicing is sometimes characterized as a failure of governance,
we hypothesize that such failure is often intentional. In other words, there is a strategic element to with-
holding service from informal housing sectors. Perpetuating bad living conditions for migrants is a way
for existing residents to discourage in-migration to a locality. In China today, for example, this strategic
component is explicitly articulated in policy design (Cai 2006). Forcing the vast majority of migrants into
poorly serviced informal sector settlements is intended to restrain rural in-migration to China's urban ar-
eas, especially the largest ones. While explicit articulation of exclusionary motivations for withholding
public services is less politically feasible in countries like Brazil, the data indicate that such policies were
nevertheless adopted.

We study the determinants of servicing and its effect on migration to Brazilian urban jurisdictions
from 1980 to 2000. While Brazil's rural to urban migration today has diminished, local resistance to in-
migration was an important issue in the 1980s. In Brazil, localities within urban areas make policy deci-

sions that influence in-migration to their specific localities, potentially providing an element of a race to



the bottom within urban areas in terms of servicing migrants. We examine (a) the impact of withholding
public water services to migrants on a locality’s subsequent population growth and social composition,
and (b) what determines a locality’s provision of services to migrants. By studying Brazil's historical ex-
perience with urbanization and informal housing, we may better understand the forces at work in today’s
rapidly urbanizing countries.

An additional motivation for the study is that the development of unserviced informal housing
sectors has effects beyond restraining migration, such as inequality in living conditions and unhealthy
neighborhoods with high negative externalities. The resulting negative externalities may also affect the
location decisions of those who live in nearby formal sector housing. An issue we do not directly study
but that is relevant is that underservicing today requires later, and possibly more costly, catch-up invest-
ments. Installing water and sewer infrastructure long after the development of dense neighborhoods can
require extensive spatial reconstruction and reconfiguration of neighborhoods.

There is an extensive literature on exclusionary policies of local jurisdictions in developed coun-
tries (e.g., the Tiebout literature as reviewed in Epple and Nechyba 2004). The reasons for exclusion in
developing countries have the related elements of limiting over-population and congestion, as well as
stratification, with the rich wanting to separate from the poor; but there are key differences between ex-
clusion in developed and in developing countries. In developed countries, exclusion occurs through for-
mal sector housing restrictions with the imposition of development fees, zoning, and other policy levers
limiting housing development and population density. In many developing countries, however, formal
sector housing restrictions, rather than halting locality growth, lead to the development of an informal
sector where such restrictions are ignored. Unlike in most developed countries, the existence of an in-
formal housing sector in developing countries is often tolerated. It is either not politically feasible to halt
the development of informal settlements or weak institutions make it difficult to enforce laws against in-
formal settlements. This paper takes the existence of weak institutions and enforcement as a given, at
least historically, in Brazil. Because formal sector restrictions are not enough to halt growth, policies to
exclude rely on withholding service to informal housing sectors.

Brazil has two types of informal housing markets. The first are favelas, which were historically
created by invasions of government land or private land often under title dispute. In principle, such set-
tlements are illegal, both because land-use regulations are evaded and because the housing is on land
owned by parties other than the occupier. The second are loteamentos, where developments do not meet
zoning regulations, but are built on legally acquired land. After development, however, owners cannot
obtain land title because their housing does not meet zoning regulations. Favelas are an early phenome-
non, often pictured in cities such as Rio de Janeiro as a response to in-migration pressure and lack of for-
mal sector housing. Development of loteamentos was supposedly spurred by a national law in 1979 re-

quiring 125 square meters of land as the minimum lot size for any construction (Avila 2006). Since only



15% of urban housing units in Brazil are apartments, the law was aimed at single family homes. A com-
mon view is that the law made formal sector housing unaffordable for many low- and low-middle income
families at that time (Avila 2006 and Dowall 2006).

Until the late 1980s and democratization, it was in principle illegal for localities to provide public
infrastructure such as central water connections in favelas and loteamentos, although some localities still
did so. In other localities, the fact that favelas and loteamentos were illegal settlements provided an op-
portunistic excuse to deny or limit service provision. While localities cannot stop the construction of in-
formal housing, they can contain the demand for it by withholding basic public infrastructure from infor-
mal neighborhoods, so as to offer poor living conditions and the need to substitute expensive private al-
ternatives for services that could be provided relatively cheaply by the public sector.

Underservicing of informal neighborhoods may also arise because of discordant local and na-
tional government incentives. In developing countries, certain localities may be favored by policy initia-
tives of national governments, such as capital market allocations for industry, licensing for export, foreign
direct investment, imports, and government investment in state capitalism. This political and economic
agenda of the national government to favor certain localities has the side-effect of attracting migrants
seeking job opportunities to these localities. If in-migration is unfettered, such favored localities ulti-
mately become over-populated, with migration only slowing when the increased congestion, living costs,
and diminished quality of life from over-population lead to dissipation of the benefits of national govern-
ment favoritism. The literature makes this point generally (Ades and Glaeser 1995, Davis and Henderson
2003) and then with examples from Indonesia and China (Henderson and Kuncoro 1996, Jefferson and
Singh 1999, Au and Henderson 2006), as well as Brazil.

In most developed countries, natural amenities rather than national government favoritism are the
driving force of increased migration pressure to certain localities. In a recent paper, Gyourko et al. (2006)
examine differences in natural amenities across American cities, making some key points. Certain super-
star cities are favored with excellent natural amenities demanded more intensively by higher income indi-
viduals. In such cities, the authors observe that population growth over time has slowed, the share of
population from higher income groups has grown, and there is excess demand to enter the city as evi-
denced by rapidly rising housing prices relative to the rest of the nation. The presumption is that super-
star cities impose strict land-use regulations that inhibit further residential development which, if it oc-
curred, would dissipate the natural advantages these cities offer. Higher income individuals are willing to
pay higher housing prices associated with restrictions and better amenities, so that with national popula-
tion growth, superstar cities become relatively richer. While national government favoritism may be more
of an issue compared to natural amenity differentials in many developing countries, we also observe that
high income localities are both slower growing and increasingly richer in Brazil.

The primary focus of our discussion and later modeling concerns localities’ attempts to restrain



in-migration as a way of avoiding over-population and dissipation of amenities. However, the empirics
acknowledge that localities’ attempts to limit in-migration may contribute to stratification of rich and
poor households. Exclusionary policies may disproportionately target low-skilled migrants, who generate
greater negative externalities and fiscal costs, with localities generally more willing to accept high-skilled
migrants. Second, as in the superstar cities case, the localities most likely to implement exclusionary pol-
icies may be those that are richer and larger, and therefore have greater fiscal reasons (hot wanting to sub-
sidize poorer residents) or personal aversion to allowing low-skilled migrants to enter.

Section 2 of the paper discusses data and trends concerning stratification and exclusion in Brazil.
Section 3 develops a conceptual framework to inform econometric specifications. Section 4 estimates the
impact of servicing migrant households on locality population growth and composition. Section 5 ana-
lyzes whether localities in an urban area seem to interact strategically to exclude migrants and what types
of localities are more likely to under-provide public infrastructure to migrant households. Section 6 con-

cludes.

2 Urbanization and Public Infrastructure in Brazil

This section provides background information on Brazil relevant to our study. First we describe
the data and spatial units of analysis. Then we provide an overview of Brazilian locality and urban area
growth, which will help frame the precise approach and modeling we undertake. Finally, we examine
data on different dimensions of housing sector informality and then turn to the issue of how, in the data,
we represent policy initiatives that are based on exclusionary considerations.

The paper focuses on the post-1980 time period. We first examine the population response to
public water service across localities, specifically how the 1991 level of public water provision to the
houses in which low-skilled migrants are likely to live affects locality population growth and composition
between 1991 and 2000. This timing turns out to be convenient in terms of an identification strategy.
The 1980s are the last phase of Brazil's period of rapid industrialization and urbanization. Industrial de-
velopment, which had focused on Sao Paulo and Rio de Janeiro in the post World War 11 period, starts to
decentralize in the late 1970s with substantial and on-going industrialization of hinterland cities. This
decentralization is facilitated by inter-city investments in transportation and telecommunications, as well
as agricultural developments in the Northeast of Brazil (Da Mata et al. 2005). By the 1990s, these ad-
justments are largely complete. The change in urbanization and industrialization patterns pre and post
1990 reflect changes in the underlying drivers of city growth from the 1970s to the 1990s. We use this
change in the determinants of city growth as part of the identification strategy in Section 4, in order to
isolate the effect of public water provision on a locality’s population growth and composition.

After establishing that public water provision affects in-migration, we turn to the determinants of

public water provision. We look at provision during the 1980s, which starts off as non-democratic. Full



democratization at the national level occurs in 1988, with democratic reforms in subsequent years.> One
set of reforms removes restrictions on localities’ provision of infrastructure services to the informal sec-
tor; another encourages the regularization of informal housing sectors and the upgrading of services. Our
working assumption is that during the 1980s, exclusionary under-servicing of informal neighborhoods by
localities was possible, even though most of our localities had elected mayors. Elitist dominated cities
could legitimately deny services to the informal sector. However, by the 1990s and following national

reforms, such exclusionary behavior was less politically feasible, something we observe in the data.

2.1 Data

We have Brazilian Population Census data for 1970, 1980, 1991, and 2000. These data contain a
variety of information on housing size, tenure mode, and servicing of houses as well as basic socioeco-
nomic information covering education, income, family structure, and migration. We also have informa-
tion on geographic and fiscal indicators. While we do not focus on land-use regulations, we do have ret-
rospective information on regulations for each locality. A census of local governments conducted in 1999
and in 2005 indicates whether cities had passed a minimum lot-size zoning law in excess of the national
standard of 125 square meters by 1999.°

Local governments in Brazil are municipalities (municipios), units equivalent to counties in the
United States. Because some municipalities split over time and some are annexed by other municipali-
ties, we combine municipalities into common denominator ones, which we call localities or, more for-
mally, Minimum Comparable Areas (MCAs).* These localities are constant spatial units during the time
period we analyze. We focus on localities that are at least 50% urbanized by 1991 that are located in lar-
ger urban areas with multiple localities.® We drop from the sample all localities that form their own iso-
lated urban area since we are interested in interactions among localities and since we wish to control for
urban area fixed effects. This leaves a sample of 327 localities in 54 urban areas. Of these 327 localities,
238 are composed of just one municipality and 89 now have multiple municipalities. Of these 89, 45 have
a dominant municipality with over 85% of the locality population. We will perform robustness checks
where we drop the 44 localities with no dominant municipality or all 89 that have multiple municipalities.
Additionally, since the urbanization rate of the 327 localities changes dramatically from 1970 to 2000, we
often look at sub-samples of localities, imposing the restriction that they be at least 50% urbanized in a

given census year in order to be considered as part of the urban area.

2 The new constitution was signed in 1988. The government moved from military to civilian control in 1985, al-
though without democratic elections.

® Data are from IBGE, Perfil dos Municipios Brasileiros, 1999 and 2005.

4 Da Mata et al. (2005) provide a discussion of how to recombine Brazilian municipalities into Minimum Compara-
ble Areas.

® These larger urban areas are roughly equivalent to Metropolitan Statistical Areas in the United States.



2.2 Patterns: Urban Growth and Stratification

In the spatial development of Brazil, urban areas experience mostly parallel growth from 1980-
2000, with all but the two largest (Rio de Janeiro and Sao Paulo) growing at about the same rate, as a
number of theories predict (Black and Henderson 1999, Gabaix 1999) and Figure 1a demonstrates. While
the dispersion of growth rates is larger for smaller urban areas in Figure 1a, excluding Rio de Janeiro and
Sao Paulo, there is no convergence or relative mean reversion. Urban areas grow mostly in parallel, with
knowledge accumulation and improved education levels being the main drivers of urban area growth (Da
Mata et al. 2007). In contrast, in Figure 1b, localities within urban areas experience much stronger mean
reversion: bigger localities grow at a slower rate than smaller ones. From Figure 1b, it is also evident that
the larger, slower growing localities tend to be richer.®

With population growth in an urban area, old localities fill up and become crowded, and new lo-
calities develop. With economic development, urban areas spread out, fueled by declining commuting
costs and transportation improvements that make central city locations less valuable. This movement of
migrants into different localities within urban areas is the variation we will utilize in the empirical work.
In Brazil, as in much of the world, the rich live predominately in the center cities and the poor live in sub-
urbs. Much of the exclusion we observe is therefore of over-crowded central cities and richer and larger
suburbs deflecting migrants into low-income, suburban localities within the urban area.’

Finally, localities in Brazil also appear to subscribe to Gyourko et al.’s (2006) superstar city story,
with rich localities becoming even richer over time. In Figure 2, we plot the share of a locality’s house-
holds that is among Brazil’s richest 10% in 2000 against the share that is among the richest 10% in 1980.
Here, we note that the largest 20% of all localities have almost universally increased their share of the

rich, with their data points lying above the 45-degree line.

2.3 The Informal Sector and Public Infrastructure

An issue is how to identify who lives in the informal sector and how to define that sector. We
summarize some possibilities as discussed in the literature (Dowall 2006, Biderman 2007). In the census,
there is a question filled out by census takers on whether people live in irregular settlements. Irregularity
in this context captures whether streets are straight or crooked and whether houses are properly numbered
in a neighborhood configuration of housing, not whether houses are serviced or owners have formal title.

Thus, irregularity differs from informality, and less than 5% of households are considered irregular.

® Rich localities are defined as those that are in the top 20% of all urban localities sorted by median household in-
come.

" Why the difference in where the rich live compared to the United States? One reason may be that, unlike in the
United States, in most countries, funding for public education occurs at the state or national level. The rich by sub-
urbanizing cannot form exclusionary clubs offering independently funded, high-quality schooling; and thus they
may prefer the center city with its lower commuting times to service-intensive central business districts.



Economists typically prefer to define informality based on ownership rights. In the 1991 and 2000 Cen-
sus, there is a question for home owners on whether they have title to their land. In 1991, about 9% of
urban households living in owner-occupied housing in our localities do not report land title. Again the
number seems small compared to estimates in the literature; the belief is that many households without
true title answer yes to having title because they do not feel insecure about their holdings. Home owner-
ship is easily transferable, even without formal land ownership, and eviction even from favelas is rare.
As an example of the perception of security, in regularization programs to grant land title to those without
it, some participants fail to take the last step (about one day of work) and register their land tenure once
they are able to do so.

A different approach is to define informality based on lack of public infrastructure provision. The
literature (see Dowall 2006) suggests a key element is a central water connection, where in 1991, about
17% of urban households were not connected, on average, across our sample of localities. A stronger
criterion is to impose full service: electricity (virtually universal in 1991), a central water connection, and
a central sewer connection. In 1991, about 65% of households do not have full service, on average,
across our sample of localities. There are several reasons we focus on water connections instead of full
service. First, the literature argues that it is lack of water which is the key issue for residents (e.g., see
Scheper-Hughes 1993, Chapter 2). Second, provision of a central water connection appears to be more of
a locality decision made by municipal water authorities or in negotiation with regional authorities, while
sewer provision seems to be more of a state-level decision. Third, many neighborhoods, even richer ones
historically without sewer connections, continue to rely on private alternatives such as septic systems. In
1991, only 187 localities from our sample of 327 localities had more than 10% of houses with full ser-
vice. For water, 326 of 327 localities provided a central water connection to at least 10% of houses. If no
households in a locality have sewers, it is not an exclusionary tool.

For water, lack of a public connection means private alternatives must be used. In many locali-
ties, especially those situated on large water tables, the private alternative for richer households in the ear-
ly years of urbanization was to dig wells, and some cities initially chose to have no central water provi-
sion. However, with sustained use and population growth, wells in many areas started to run dry for por-
tions of the year, leading to the development of central water systems in almost all localities. Low in-
come migrants cannot afford to drill a well, even if these remain a viable alternative to public water pro-
vision. For migrants without a central water connection, the private alternatives at the margin are to use a
public stand pipe and haul the water for some distance, extend hoses into nearby but often polluted rivers
and pump the water to their homes, subscribe to water truck services (known as carros-pipa), or purchase
bottled or bagged water. These are difficult, dirty, or expensive alternatives to central provision.

As a preliminary check that central water connections are highly valued, we examine willingness-

to-pay for water connections, using simple hedonic regressions for renters in the central cities of Sao Pau-



lo and Rio de Janeiro. The next section describes how these hedonics fit into the overall conceptual and
estimation framework. Hedonic regressions reveal willingness-to-pay within a locality for infrastructure
connections, for those on the margin between choosing a serviced versus unserviced rental unit. The re-
sults are in Appendix A. The regressions are for 1980, the one census year in which relevant data on rents
and neighborhood location within the two cities are available, so we can use neighborhood fixed effects to
control for neighborhood characteristics. We find the marginal consumer is willing to pay 12% more for
a rental unit with a central water connection (net of any additional premium for indoor plumbing) in Sao
Paulo and 23% in Rio de Janeiro. The regressions control for types of sewage provision and whether
households have electricity.?

In this paper, we focus on the notion of exclusion through lack of servicing, but how does a pol-
icy of restricted servicing appear in the data? This is a complicated issue because in Brazil (unlike China)
exclusionary policies cannot target individuals based on personal characteristics such as migrant status.
They can only target houses and neighborhoods where migrants are likely to live, recognizing that mi-
grants can live where they demand given incomes and prices. We start by looking at the evolution of ser-

vicing as a guide to how we will measure the extent of servicing that migrants are likely to face.

2.4 Provision of Infrastructure Services

Table 1 explores dimensions of water servicing. We look at localities that are at least 50% urban-
ized by 1991, as well as localities that are at least 50% urbanized versus those that are not in 1970, allow-
ing us to track service expansion within constant samples of localities. Table 1 shows the rapid expansion
in services in urban Brazil over the decades. In 1970, localities that were at least 50% urbanized provide
a connection to a central water system to 50% of their urban households. By 2000, this number has
reached 89%, reflecting growth along two margins — increased servicing within highly urbanized locali-
ties and the addition of localities that were previously less than 50% urbanized. The fact that the
weighted percentage of houses with a central water connection is higher than the unweighted percentage
suggests that more populous localities service a greater share of their households.®

The second panel of Table 1 shows similar results for a constant sample of 185 localities that
were at least 50% urbanized by 1970. Analyzing now only on one margin — of increasing service but not
adding new localities to the sample — we see localities dramatically increase the share of houses they ser-

vice, from a mean of 50% in 1970 to 92% by 2000. Finally, in the third panel, we explore the increase in

& We also note that renters are willing to pay an additional 20% in Sao Paulo and 36% in Rio de Janeiro for a unit
with central sewer and electricity, in addition to water. Isolating the components in Appendix A, there is a very high
premium on electricity (although even in 1980 it is virtually universally available), but central sewer itself still
commands a 9% and 18% premium in Sao Paulo and Rio de Janeiro, respectively, over no connection (with septic
systems in those congested cities generating little premium over no sewerage at all).



servicing among today’s urban localities that were under 50% urbanized in 1970. These newer localities
also have rapid expansion, but are at lower service levels. The numbers suggest that localities can quite
rapidly expand their central water systems, and the fact that some houses remain unserviced even by 1991
and 2000 might reflect deterrence of in-migration.

The first panel of Table 1 also explores how services differ across types of households in 1991.
In terms of tenure, not surprisingly, those who report not owning the land under their house are less ser-
viced than those who report land title. Small houses, those with 1-3 total rooms, are less serviced than
large houses, with 7-9 total rooms. While migrants are less serviced than non-migrants, we try to control
for income effects by looking at households in the bottom 20% of the national urban income distribution.
Low-income migrants (who moved to the locality in the last ten years) are less serviced than low-income
non-migrants, although the differences within low-income groups are not large. While localities care
about the rate of in-migration, today’s migrants are tomorrow’s non-migrants. Localities may be con-
cerned about the level and extent of poverty in their population, potentially welcoming higher-income
migrants (who may displace existing lower-income migrants) and discouraging lower-income migrants
from entering. In Section 4, we will look at both growth and population composition outcomes.

While we can cite numbers for servicing of migrants, as noted above, localities cannot discrimi-
nate on the basis of income nor migration status. What localities can do is not service the houses that
most migrants and low-educated households are likely to occupy. We look at this in Table 2. Before
turning to the table, we note that migrants tend to live in the smallest houses, defined as those with 1-2
total rooms in 1970 and 1980 or 1-3 total rooms in 1991 and 2000. In contrast, we also look at house-
holds living in larger houses, those with 6-7 rooms in 1970 and 1980 and 7-9 rooms in 1991 and 2000
(groupings which exclude approximately the top 10% of houses by size in each decade). In the data,
overall, about 15% of households live in small houses and 20% live in these larger houses, with exact
numbers footnoted in the table. In 1991, 33% of the migrants in our localities lived in small houses and
only 12% lived in large houses, whereas 18% of non-migrants lived in small houses and another 18%
lived in large houses. For migrants from rural areas, 42% lived in small houses and only 7% lived in
large houses. Finally, for low-educated households (where the household head did not complete primary
school), 27% lived in small houses and 13% lived in large houses, compared with 17% in small houses
and 19% in large houses for higher-educated households (where the household head completed at least
primary school). Targeting the smallest houses therefore appears to be a mechanism to discriminate
against migrants and low-educated households.

In Table 2, we examine the service levels for small versus large houses. Table 2 gives locality

averages for servicing of small versus large houses for the full sample of 327 localities, for the restricted

° We weight the percentage of houses serviced with a central water connection by the number of urban households
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sample of 185 localities that were at least 50% urbanized in 1970, and for the remaining 142 localities
that were less than 50% urbanized in 1970. For the full sample of 327 localities, only 48% of small hous-
es in 1980 had a public water connection, compared to 74% of large houses. By 2000, the gap diminishes
but is still noticeable overall. Restricting the sample to only those localities that were more or less than
50% urbanized in 1970, we observe that the gap in servicing of small versus large houses is similar to
what we found when looking at the full sample, but the absolute service levels of both small and large
houses are higher for those localities that urbanized earlier and lower for those localities that urbanized
later. In Sections 3 and 4, we will use the provision of public water connections to small houses as our
basic exclusionary measure, representing the quality of infrastructure that incoming migrants might ex-

pect when choosing to live in a particular locality.

2.5 Land-Use Regulations

As an interesting aside, we examine one aspect of local land-use regulations: lot-size zoning over
and above the national 1979 minimum lot-size law. Most of these local regulations were passed after
democratization in 1988, and our data are from 1999 and 2005. From our sample of 327 localities, 200
had passed a minimum lot-size zoning law in excess of 125 square meters by 1999 — that is, a minimum
lot-size zoning law in excess of the national standard. Comparing these localities, when we look at
homeowners without title to land relative to those with title to land in zoned versus unzoned localities, we
obtain a ratio of 1.06. In other words, the ratio of homeowners without title relative to those with title is
slightly higher in zoned versus unzoned localities. On the other hand, zoned localities have slightly less
in-migration, so that the share of migrants to residents in zoned versus unzoned localities is 0.97. These
numbers suggest tougher zoning is associated with both reduced overall growth and increased informal
sector development. Presumably, the adoption of tougher zoning is endogenous. Those with tougher
zoning may have faced potentially higher growth, and therefore imposed tougher regulations to curtail it.
The general issue of endogeneity will be critical in the later identification of the effects of servicing on

locality growth.

3 Conceptualizing Exclusionary Behavior

This section develops a model upon which we base the key aspects of the empirical formulations
examining locality population growth, service levels, and strategic interactions across localities. The em-
pirical work is focused on variations across localities within urban areas for identification of effects. For
much of the work, this means we can ignore the determination of urban area characteristics, which are

captured by urban area fixed effects. For example, we assume workers in all localities in an urban area

in the locality.
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participate in the same overall urban area labor market. Then, conditional on total urban area size, peo-
ple’s choice of locality within an urban area does not affect their wage incomes.

We formulate the basic problem much like the welfare competition literature in the United States
(Wildasin 1991), where within a region, localities are choosing policies in the face of a potential influx of
migrants. In our case, the policy is the servicing of small houses typically occupied by migrants. The
urban area faces a supply of in-migrants, which will be split across the localities of the urban area depend-
ing on the living conditions in these localities. Incumbent residents of localities value better services for
these migrants for either or both altruistic or externality reasons, which is a force to increase service lev-
els. However, they prefer fewer migrants to their own locality, which is a force to reduce service levels.
For economic growth reasons, incumbent residents of a locality may want more migrants overall to the
urban area as long as these migrants do not live in their own locality. We start by specifying the prefer-
ences and demand functions of migrants depending on whether they are serviced or not. Then we look at
equilibrium in the locality housing market and equilibrium in the flow of migrants to the urban area, as
well as the distribution of migrants across localities. Based on this information, on the service levels in
other localities, and on the characteristics of the own locality’s incumbent-resident population, we allow
each locality to choose a level of servicing. While we model the equilibrium in a one shot context of a
city facing a potential wave of migrants, throughout we emphasize that localities have a past history that
influences their current characteristics.

All migrants are assumed to live in the informal housing sector while incumbent residents who

make policy decisions live in the formal sector. Based on policy decisions of the locality, some migrants

live in neighborhoods where the locality publicly provides piped water at a unit cost ¢, (e.g., the cost of

metered water). Other migrants live in unserviced neighborhoods, where they must privately secure ser-

vices at a higher unit cost, ¢ >c, (e.g., water purchased from water delivery trucks). By living in the

informal sector we assume migrants escape locally set property taxes, paid by incumbents.

3.1 Equilibrium within the Informal Sector
Migrants entering the informal sector of the locality who choose to live in serviced neighbor-

hoods have quasi-indirect utility functions and housing demand functions of the form
U, =U(W(N +L), p,,C,,b, L, 2) (@)

I @
hy = hy(W(N +L), p,,¢,,b, L, Z). (b)

Disposable income of migrants is W(N + E) which could vary with overall urban area scale, as measured
by total incumbents in the urban area, N, plus total migrants to the urban area, L . In the locality, P, is

the price of housing in serviced neighborhoods and ¢, is the unit cost of water, while b is the share of
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migrants who are serviced in the locality, potentially a positive externality for both migrants and incum-
bent residents. For example, less servicing means more people using and disposing of untreated water
which could result in health externalities. The share of migrants served is a policy variable influenced by
the locality. The endogenous number of migrants to the locality itself is L , which may also generate
congestion or other externalities. Z is a set of locality characteristics, such as the size and income level
of the incumbent population.

Migrants to the informal sector of the locality who live in unserviced neighborhoods have de-
mand functions for housing and an indirect utility of the form

U=UMW(N+L),p,c,b,L,2Z) (a) 2

h=h(w(N +L), p,c,b,L,Z). (b)

For the same housing price p, U, >U, given c>c,. To equalize utility across the two types of

neighborhoods within a locality requires p, > p, and from indirect utility in equations (1a) and (2a), we
have

Py = Po(P.b,C,Cy, L, Z;N +L). ?3)
Equation (3) underlies the hedonic regressions reported in Appendix A for Sao Paulo and Rio de Janeiro,
examining within locality differences in relative rents based on type of service. Across localities, overall
differences in servicing and other conditions will be reflected in absolute price differences in both p, and
p.

Migration to a locality is governed by two conditions: demand must equal supply in the locality

housing market and utility must be equal for all migrants across localities within the urban area. We turn

to this next.

3.1.1 Housing Demand Equals Supply

For housing demand equaling housing supply, we assume housing supply for migrants to the in-
formal sector of a locality is given by H*®(A, p), where A describes supply conditions in the locality,

based upon vacant land availability and the cost of bringing extra land into production of housing ser-

vices. The number of serviced sites in the informal sector is a policy variable, so the supply margin is the

unserviced sector with price p. Hence the supply specification H*(A, p). Summing the individual
housing demands of the L, serviced people in equation (1) and of the L —L, unserviced people in (2),

and using equation (3) for p,, we have
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L(b-h(W(), Ps(),Co,b, L, Z) + (L=b)-h(w(), p,c,b,L,Z)) = H (A, p),  (a) @
b=L,/L. (b)

In equation (4b), b=L,/L isthe proportion of migrants served, the basic policy variable.

3.1.2 Supply of Migrants

The final piece for internal locality equilibrium in markets for migrants concerns the supply of
migrants to the locality. Localities within an urban area share migrants, whose total supply is increasing
in utility offered at the margin in the urban area and hence at the margin for all localities in the urban area

(given equalized utility for migrants across the urban area). Utility needs to rise as the total number of
migrants, L, to the urban area increases, with an inverse supply function of the form f([), f'>0.
Equating utility of the marginal unserviced migrant in our locality, U =U(wW(N +L), p,c,b,L,Z) , to
this inverse supply, we can solve for the locality housing price-level to get
p=p(L,c,b,Z;N+L). (5)
Substituting for p from equation (5) into (4a), we get
L=L(A,c,cb,Z;N+L). (6)
Using urban area fixed effects (conditioning on N + L ), we will estimate a version of equation
(6) to show how the policy instrument, b, as well as housing supply conditions, A , affect locality popu-
lation. Although service-level differences within localities are capitalized into intra-community differ-

ences in housing prices, locality choice by migrants is affected by relative service levels. Servicing affects

overall housing demands and hence price levels across localities.

3.2 Equilibrium across Localities within an Urban Area

We now turn to the urban area as a whole in which there are different localities, indexed 1, 2, 3,

and so on. We have an equation (6) for each locality, noting that, for urban area j, L i=2 L, where

iie]j
I indexes localities. Given the equation for E,— and an equation (6) for each locality within the urban
area, in principle we can solve for a system of equations for each locality:
Lij:Lij(bj’Aj’Nj’Lj’Zj’COJ’CJ)’ i=1,...,nj, (7)

where n, is the number of localities in urban area j, bj is the vector of service ratios of localities in
urban area j; A, is the vector of land supply endowments for migrants in each locality in urban area j;

and Z ; Is the vector of other characteristics. Unit costs of services could vary by localities within an ur-
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ban area, in which case we would have vectors, Coj and C- Finally, the function is also indexed since its
form will vary with the number of localities, n; .

Given L () functions, we can calculate the population response of any locality in an urban area
to a change in another locality’s policy variable, bij . Thus, if we are looking at locality 1, we can calcu-

late oL lab1j forall ie j ,which is required below in assessing potential strategic responses.

3.3 The Choice of Servicing for Migrants
We start with the notion that incumbent local residents of locality 1 of a representative urban area

choose b, to maximize utility. There are two issues here that we need to address. The first is under what

conditions incumbent residents are free to choose b, . By incumbents we mean there are a set of wealthier

long terms residents in each Brazilian locality in the 1980s who have sufficient control over the political
process and selection of mayors so as to strongly influence exclusionary policies, including servicing of
housing in migrant neighborhoods. In principle, even if local water supply authorities operate at a more
regional level, localities can determine or strongly influence where water pipes are laid. However, with
democratization, localities came under strong pressure to make piped water universally available. The
second issue is the extent to which localities interact strategically. We explore both these issues in the
empirics. For now we proceed as though localities have complete control over water supply and interact
strategically.

We use a reduced-form specification of preferences,

V(y(N+L),7(bL; ), 6,0, L, Z), VWV, Vv 20,V <0, (8)
For the first argument, we allow more migrants, L , to the overall urban area to increase incomes of ur-
ban area residents, y(N +E) . This models net scale effects in urban area total employment. The fourth
term, where Vbl >0 , reflects positive externalities from better servicing of migrants in the locality.
However, the fifth term, where V, <0 , implies that while incumbent residents of locality 1 want more
migrants to enter the urban area, they do not want them in their own locality. This could reflect local
congestion considerations or prejudices against migrants. Z, are other characteristics of the locality.

The second and third terms in (8) are important. We assume incumbents are owner-occupiers of

fully paid off housing and (8) includes the continuation value function for future periods (where the future

is expected to be the same as today). Alternatively, this is the final period of the model. 7, () is the cur-

rent housing cost of incumbents. This housing cost incorporates incumbents’ property taxes, which go
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towards financing locality infrastructure inclusive of the costs of water mains for those with newly ser-
viced housing. This is increasing in the number of serviced units, b,L,, and is also a function of past ser-
vicing. For example, if more houses were connected historically, new houses may be cheaper to service
(e.g., just extend existing mains versus install entirely new systems). Incumbents may have public water

connections so that € = C, or they may have wells in which case ¢ may be close to zero.

We assume for the moment that incumbents in locality 1 interact strategically with other locali-

ties. Incumbents choose b, to maximize equation (8), holding other localities’ choices of service levels

fixed (the Nash assumption), accounting for how the choice of b, affects other localities’ migrants.

Maximization gives

V,Ye(Z 0L, (0/80) +V, (L +baL, 13b)H, ()+V, () oLy /b =0, (@)

where the 6Lij / ob, ’s are calculated from equation (7). Using this first order condition and an equation
(7) for each locality in the urban area, we can define

by =by;(b_y; A} Zj G0N L), (10)
where bflj is the vector of service levels in other localities in the urban area. Equation (10) will be the

basis for estimating how characteristics of existing localities influence policy choices and for testing stra-

tegic interactions. For strategic interactions, by differentiating equation (10), we can solve for

db,; / db; , which yields how locality 1 changes its service levels in response to a different service offer-

ing in locality i. Perhaps of greater interest empirically, as suggested in Figures 1b and 2, will be how
different localities set service levels for migrants according to whether they are higher-income versus

lower-income or larger versus smaller.

3.4 Extensions

So far we have looked at migrants assuming they are generally low-skilled, and we have assumed
existing residents are high-skilled and immobile. In actuality, we may also have in-migration of high-
skilled individuals from outside the urban area as well as movements of existing high- and low-skilled
residents across localities. While we will estimate overall locality household growth equations based on
equation (6), we will also separately estimate growth equations for high-skilled and low-skilled house-
holds. We introduce other considerations, such as differing tastes across localities among existing resi-

dents concerned with inequitable provision of public services, as reflected by their voting preferences.

16



4 Effect of Service Provision on Locality Growth and Population
Composition

What is the effect of servicing decisions on locality population growth? The specification is
based on a linearized version of equation (6) with urban area fixed effects. Controls such as total mi-
grants to the urban area, local servicing standards, and urban area wages are swept into the fixed effect.
What we examine is the within urban area allocation of migrants across localities. The basic estimating
equation is

In(L; )—In(L; ) =BA L +/b L +dZ,  +&,. (11)
We look at locality population growth between 1991 and 2000 as a function of locality characteristics in

1991. From equation (7) these include the level of servicing of small houses, b, , , and a set of covari-
ates, A, which describe housing supply and other conditions in the locality.

A key issue in estimation concerns the error structure. The urban growth literature (e.g., Glaeser
et al. 1995) often takes the stance that (a) covariates are pre-determined and not affected by contempora-
neous shocks that might induce growth, and (b) by looking at a growth equation, we have already differ-
enced out time-invariant variables that affect long-run size. As such, in the literature, one standard ap-

proach is to rely on OLS estimation of cross-sectional growth equations. However, it seems likely that

there are omitted variables affecting growth that persist over time, so that the ¢, ,, which affected past
growth and the evolution of the predetermined covariates, may be correlated with &, ..

Of greatest concern is the possibility that the policy variable, by, , is correlated with the error
term, that is E(b,, ,&;,) # 0, causing the OLS estimates to be biased.. Servicing today may be affected

by past locality servicing, given scale economies in public water provision. For example, positive growth
shocks in the past may have induced lower servicing as incumbents tried to restrict growth (or the locality
faced capacity back-logs), making current expansion of servicing more expensive. Thus, low servicing in
1991 may reflect unmeasured good growth conditions from 1980-1991 for the locality, and such growth
conditions may persist into the 1990s. That is, high past growth is negatively correlated with current sup-
ply of public water connections. Such influences will bias the OLS coefficients downward, understating
the positive effects of good servicing on encouraging in-migration. The same issue relates to housing
supply conditions: good unobservables driving locality growth in the past influence current housing sup-
ply conditions today.

We focus on locality growth from 1991 to 2000. This last interval in the census data allows us to
separate Brazil’s initial rapid industrialization and urbanization that occurs after World War 1l and ex-

tends into the 1980s, from today’s more modern economy. By 1991, Brazil is 75% urbanized. The axis
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of industrialization that had focused on Sao Paulo and Rio de Janeiro in the Southeast of Brazil expanded
with substantial and on-going industrialization of hinterland cities and more rapid growth in the Northeast
region. The drivers of local growth have changed with the development of new export markets and the
development of new agricultural crops for export, as well as the move from heavy industry based on state
capitalism to lighter industry based on the manufacture of consumer products (Da Mata et al. 2005). This
change in economic regimes will be part of an identification strategy. We note that despite the high level
of 1991 urbanization, there remains on-going migration as well as population growth. In our sample, the
number of urban households grew by 40% from 1991 to 2000. We look for growth effects in the democ-
ratic era to see if poor servicing in 1991, which arose in the non-democratic 1980s as explored in the next
section, affects growth from 1991 to 2000.

4.1 Instruments

We need to instrument for two types of variables. First is the service variable: public water pro-
vision to migrant households. Second are housing supply conditions in the locality. Given that we have
urban area fixed effects, instrumenting is challenging since we need to predict intra-urban area variation
in covariates. While we experiment with a parsimonious instrument list, we ultimately rely on a longer

list to get more power.

4.1.1 Extent of Servicing

For water supply, we turn to the inferred history of water provision in the locality, which influ-
ences the costs of extending central water provision today. Ideally, we would like instrument using a
measure of how easy it would be for localities to provide public water connections. One such measure
would be the degree to which incumbents are serviced by wells, which would imply low scale economies
in central water provision. There is also the issue that with wells incumbents have an almost zero mar-
ginal cost of water and have limited demand for central provision for themselves. We unfortunately do
not observe wells in the data as a separate item, however we know the geological and weather variables
which would have driven the efficacy of private water supply through wells. The idea is that localities
with historically better conditions for wells will offer fewer central water connections today. However,
given their high installation costs, wells are not an option for migrants and more generally for any low-
income unserviced households in 1991, so those without a central connection must obtain water by haul-
ing from stand pipes or purchasing it privately (trucks, bags, bottles). Thus, we believe that instrumenting
for servicing using geological and weather variables meets the exclusion restriction: these instrumental

variables are correlated with public servicing levels, but have no direct, independent effect on current

household growth rates. A caveat is that equation (6) contains ¢ and c,. These could be influenced by
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depletion of overall water resources from use of wells. Our assumptions are that urban area fixed effects

help condition on area wide depletion and that what is relevant is the ratio c/c, (e.g., the cost of hand-

delivered water relative to the cost of publicly provided metered water), a ratio that may not vary much
within an urban area.

What geological conditions determined the efficacy of wells historically? If underlying sedi-
ments and rocks in a locality are more porous, they retain more water and wells are a more viable alterna-
tive to a public water connection (IUSS Working Group WRB 2006). Second, insolation affects the rate
and variability of underground water replenishment, again a key issue in the viability of wells (Markstrom
et al. 2008). Insolation is a measure reflecting the amount and intensity of sunlight reaching the earth’s
surface. High insolation is associated with less rainfall and more evaporation, impeding ground water
replenishment. A high variance over the year in insolation means there are more intense periods of water
replenishment without evaporation. While insolation does vary across localities in an urban area, the
fraction of the locality area having porous rocks and sediment varies much more. Our key instruments for
small houses served with a central water connection are porous geology (reducing the need for servicing,
historically), porous geology interacted with mean insolation (increasing the need for servicing), and po-
rous geology interacted with the standard deviation of insolation (reducing the need for servicing). Col-
umn 1 in Table B2 contains the first-stage regression showing that these are strong instruments for servic-

ing, with the expected effects.

4.1.2 Housing Supply Conditions

The other instruments are for variables relating to housing supply conditions and potentially other
characteristics of the locality that might influence migrants’ well-being. Controlling for total land area,
these are potentially the number of urban households, average education (influencing the demand for
space, as well as being a potential amenity), and the share of households that are rural in the locality (in-
fluencing the potential supply of higher density urban housing). The main instrumental variables strategy
is based on two notions. First, unobservables that affected urban area and locality growth in the past are
different from unobservables affecting growth today, so error drawings from 1970 are uncorrelated with
drawings in the 1990s. As discussed previously, within urban areas, locality economic bases have
changed (an unobservable not captured in equation (7)), as has the urban area labor market demand for
the skill sets of households living in different localities. In addition, with economic development, there
has been decentralization of economic activity within urban areas as well as to hinterland cities. The sec-
ond notion is that past drawings affected housing and other irreversible investment decisions as well as
locality population educational composition in the past. Historical accumulations are relevant since any

adjustments away from them in locality characteristics are slow, so historical variables are strong instru-
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ments for 1991 covariates. If, in the 1960s, a locality attracted low-educated migrants who settled in
dense neighborhoods in the locality, that influences current educational composition even if locality eco-
nomic conditions have changed completely. The instruments are implicit in the partial model we speci-
fied, which has simple dynamics — the past (Z’s) influences the present with a given incumbent popula-
tion. A more detailed version of the model would have full dynamics and explicitly allow for costly ad-
justments in residential markets within and across localities, limited reversibility of types of housing and
initial differences in stocks of high versus low income residents.

Use of historical instruments presents some complications. There is a tension between going fur-
ther back in time to break the persistence in relevant unobservables and weakening the strength of the in-
struments. Apart from specification tests, it is difficult to prove that the assumptions are correct — i.e.,
this is at best a very limited version of a natural experiment. In our work, it was clear that instruments
from 1970 gave much better specification test results for the 1991-2000 period, compared to the 1980-
1991 time period, one reason why we focus on the latter time period for population growth equations.
For instruments, we include the following variables either on their own or interacted with other instru-
ments: (1) access of a locality to Sao Paulo markets, which played a critical role historically, before the
development of modern trans-national transportation systems even though today it has little impact on
growth;™® (2) the illiteracy rate among the adult population in the locality and the rest of the urban area in
1970, which influences, through accumulation, the average educational attainment today; (3) the manu-
facturing-to-service employment ratio in the rest of the urban area in 1970, which helped urban area eco-
nomic attainment at the time and influences local economic composition today; (5) the number of house-
holds in the rest of the urban area, which gives a historical size measure influencing urban size today; and
(6) the share of the rest of the locality households that were rural in 1970 and would be a basis for urban
growth and later size. Note the attempt to generally rely on characteristics of localities in the rest of the
urban area — i.e., in localities other than the own locality — in order to mitigate problems of persistence
of own locality unobservables. We also note that many of these covariates such as illiteracy, or socio-
economic status of the locality population, in addition to geological conditions, will have influenced the

use of wells in one locality compared to another in the past.

4.2 Effects of Servicing on Growth of Urban Households

Table 3 contains the basic results of the effects of servicing on the growth in the number of urban
households. Columns 1 and 2 contain OLS estimates, with shorter and longer lists of covariates. Col-
umns 3 and 4 report corresponding Two-Stage Least Squares (2SLS) estimates. We experimented with a

shorter instrument list and with estimation by Limited Information Maximum Likelihood (LIML). These
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results are discussed below but not reported in the table.

4.2.1 Servicing

In OLS estimation in columns 1 and 2, the coefficient on servicing is strongly negative and sig-
nificant, reflecting the anticipated bias. Localities subject to the strong growth shocks of the late 1980s
have poor servicing, potentially because of capacity expansion problems and past strategic choices. In-
strumental variables estimation takes this strongly negative coefficient and reverses its sign, making it
positive. This positive coefficient is large. For a point estimate of 0.74 in either column 3 or 4, a one
standard deviation (0.21) increase in servicing leads to an increase of 0.16, or approximately one standard
deviation, in the growth rate in the number of households (for which the mean is 0.40) during the decade.
This is a basic result of the paper: poor servicing of small houses likely to be occupied by low-income and
low-educated migrants has strong negative locality growth effects. Withholding water supply to retard
locality growth below what it would have been in the absence of such withholding is effective.

However, the coefficient is somewhat noisily estimated, always significant at the 10% level but
not quite at the 5% level (noting error terms are robust to heteroskedasticity and clustered at the urban
area level). With shorter instrument lists the coefficient is more noisily estimated. For example, with just
the porous geology variable, the geology variable interacted with the two insolation measures and urban
population in 1970 in the rest of the urban area as instruments, in column 3, the coefficient for servicing is
almost the same, 0.72, but the standard error is now 0.50. For the longer instrument list, the partial F-
statistic on the first-stage regression for service levels is around 13 and the p-value for the Anderson Like-
lihood Ratio test statistic is 0.11, suggesting we cannot reject weak identification. We are instrumenting
for multiple interrelated variables under urban area fixed effects, limiting the overall power of the instru-
ments. LIML estimators are more robust to weak instruments than 2SLS but are more sensitive to the
length of the instrument list. We obtain a much larger estimate of the servicing coefficient significant at
the 5% level when estimating with LIML with the original instrument list, but obtain a similar estimate to
that in column 3 of Table 3 when estimating with LIML and a shortened instrument list.**

We perform two sets of robustness checks for the servicing effect in the growth equation. First,

19 \We experimented with replacing distance to Sao Paulo with latitude. Results are very similar, but specification
tests favored the original set of instruments.

1 Estimating column 3 of Table 3 using LIML instead of 2SLS, we obtain estimates for the coefficient (standard
error) on the servicing variable of 1.261 (0.648). When estimating column 3 of Table 3 using LIML and a shortened
instrument list, we obtain estimates of 0.858 (0.506). The shortened instrument list is adult illiteracy in 1970, share
of the locality population that voted against the military in the 1982 legislative elections, the manufacturing-to-
service employment ratio in the rest of the urban area in 1970, this ratio interacted with the log of the distance of the
urban area to Sao Paulo, the log of the number of urban households in the rest of the urban area in 1970, the share of
the locality's geology that is porous, this share porous interacted with mean insolation, and this share porous inter-
acted with the standard deviation of insolation. When estimating with LIML and the shortened instrument list, the
p-value for the Anderson Likelihood Ratio test statistic is 0.03, suggesting we can reject weak identification.
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we reestimate the model in columns 3 and 4 of Table 3, separately dropping (a) all 89 localities in which
there are multiple municipalities, (b) the 44 localities in which there are multiple municipalities where the
dominant municipality has less than 85% of the locality urban population, and (c) all localities in the two
largest urban areas, Rio de Janeiro and Sao Paulo. The estimates do not change noticeably, so the inclu-
sion of these localities has no impact on results. Second, as a service variable, we tried the share of hous-
es without land title that have a central water connection, but our instruments are very weak. While the

coefficient on servicing is consistent with the Table 3 result, it has a large standard error.*?

4.2.2 Housing Supply Conditions

In Table 3, the basic controls on housing supply are land area and the number of households —
controls for density of overall development. Again, the biases in moving from OLS to 2SLS estimation
are what we expect. Having a high number of households is associated with recent strong local shocks
and on-going growth, understating the negative effect of crowding on future housing supply conditions.
So, for the number of households (increasing crowding), an OLS coefficient in column 1 of -0.026 be-
comes -0.112 under 2SLS estimation; and for land (alleviating crowding), the OLS coefficient of 0.006
becomes 0.060 under 2SLS. Additional variables in columns 2 and 4 which are education (reducing land
supply but improving amenities) or share of households that are rural in the locality (increasing land sup-
ply), have no significant effects when estimating with 2SLS.

4.3 Composition Effects

So far we have looked at how withholding service leads to a decline in overall in-migration. Be-
cause it is aimed at small houses, withholding service also acts to discourage in-migration of lower-
income residents from other parts of the urban area as well as of new arrivals to the urban area. Thus, we
should see withholding service negatively affecting the growth of lower-income households in a locality,
which we represent by education level of the household head. We use education rather than income to
better represent permanent socioeconomic status.

We define two groups: households where the household head has not completed primary school,
which is about one-third of the urban population in our sample of localities in 2000, and those who have
primary school or more. While we expect that poor servicing of small houses will affect the growth of
low-education households in a locality, there is the possibility it will also detract from the growth of high-
er-education households. In the modeling in equation (8), we postulate that servicing of migrants is a
positive externality for incumbent residents. Thus, we examine separately the effect of servicing small

12 The best case involves the short instrument list used in the LIML specification (see previous footnote), where the
first-stage partial F-statistic for the service variable is 6.20 and the p-value on the Anderson Likelihood Ratio test
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houses on the growth in the number of lower-education and higher-education households.

The basic specifications are in Table 4. For housing supply, we control for base period overall
density and household count of the relevant group whose growth we are investigating. Columns 1 and 2
deal with lower-education household growth, using both OLS and 2SLS estimation, and columns 3 and 4
deal with higher-education household growth, again using OLS and 2SLS estimation. The deterrent ef-
fects of higher density and own group size are strengthened in moving from OLS to 2SLS, as expected,
although the coefficients are not always significant.

For the effect of servicing small houses on the growth in the number of lower-education and
higher-education households, as expected, and as in the overall growth estimation, OLS coefficients on
the servicing of small houses are negative. With 2SLS estimation, the service coefficient for the growth
of low-education households becomes positive, very large, and significant. A one standard deviation in-
crease in servicing (0.21) increases the growth of low-education households by 0.15 under 2SLS estima-
tion. For high-education households between 1991 and 2000, under 2SLS estimation, the coefficient for
servicing of small houses is also large, positive, and almost the same in magnitude as for low-education
households. The estimate is much noisier, however, and not significant.

As robustness checks, for higher-education households, we include a control for the servicing of
large houses occupied by high-education households (not shown), which leaves other results unchanged
and yields an insignificant coefficient on the large-house variable. When we estimate a ratio model (also
not shown), where the ratio is the growth rate of low-education relative to high-education households,*
the coefficient on servicing of small houses is negative and not statistically different from zero (the coef-
ficient is -0.402, with standard error 0.338). Both the results from the ratio model and the results in col-
umns 2 and 4 hint that poor servicing of small houses has adverse effects on the growth of all education

households, suggesting a negative externality for higher-education households.

5 Determinants of Locality Infrastructure Servicing and Land-Use
Regulation

In this section we examine how localities choose service levels, focusing on the implementation

of equation (11). The empirical results will support the notion that localities in the 1980s under-serviced

statistic is 0.63. For this specification, the OLS coefficient of -0.164 becomes 1.821 under LIML but the standard
error is 2.215.
3 This ratio represents a form of differencing and has the advantage of removing location observables and unob-

servables whose effects are common to both low-education and high-education groups. Letting N*, k e{L, H}, be

the number of households that are low-education (L) or high-education (H ), b be the share of small houses con-
nected to water, and » be any differential in slope coefficient between low- and high-education households’ re-

sponse to the share of small houses serviced, the estimating equation is then:
[In(Nil,_t) - In(Nil,_tfl)] _[In(Ni',-l) - In(Ni':'t—l)] = ﬂo In(Nil,_tfl / Ni',_|t—1) + 181 In denSityi,tfl +y In(bi,t—l) + Sy
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migrants, potentially to deter in-migration. However the results do not support the idea that localities
within a metropolitan area interact strategically, although our test of strategic interactions has limitations.
In terms of limitations, we note that the local public finance literature and the industrial organization (10)
literature have diverged on how to examine strategic interactions. The IO literature has moved away from
directly estimating strategic interactions to estimating structural parameters of the relevant cost and de-
mand equations, from which to calculate strategic interactions. In a local public finance context with the
type of model we have outlined, there are two problems in following the 10 approach. First, our model
does not rely on a simple cost and demand function. There are many more moving parts or functions to
specify and identify structurally: a supply of migrants mediated through housing markets and public ser-
vice conditions, and then preferences of incumbent residents for migrants and their service levels, taking
externalities into account. Results therefore depend even more on functional assumptions. Second, our
characterization of decision-making on service levels for migrants is itself a simplified reduced form spe-
cification, assuming incumbents set service levels. For these two reasons, we follow the local public fi-
nance literature and test for strategic interactions directly (as in Case et al. 1993 and Besley and Case
1995), in a reduced form context.

The local public finance approach has two problems. The first (which would be the 10 critique)
is that we can only identify strategic interactions locally, in the sense that the literature uses linearized
specifications to estimate equation (10). Even the most simplified specification of primitives does not

yield a linear form, and in typical functional specifications of tastes and technology, the relationships go-

verning b, will be highly non-linear. Second, across urban areas, there are different numbers of locali-

ties; this could generate different forms to the b, equation, an issue ignored in the local public finance
literature and one that does not exist in the 10 literature with just one market.

A standard formulation to equation (10) based on the public finance literature as reviewed in Bru-
eckner (2000) is

b=y 2 wb+Ze+e, (12)

i, icj

where > w;b is aweighted sum of all other localities’ choices in urban area j. Writing equation

i1, icj
(12) for all localities, we have

b=yWhb+Zp+e, (13)
where W is the weighting matrix, with zeros for the own locality and for all other localities not in the
same urban area as the own locality. Weights for localities in the same urban area are normalized to sum

to 1.

Weights are typically chosen based on no explicit model. However, since equation (10) contains
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land supply, a measure of a locality’s capacity to absorb new migrant households, we experiment with

weighting by a land supply measure so that weights on other localities’ servicing variables, b, for =1

and i€ j ,increases with land supply, A 1 The intuition for land-supply weights is that we believe

localities are in greater competition, and therefore place more weight, on other localities that have greater
available land with which to accommodate new migrant households. We use the inverse of historical
population density for each locality as a weight indicating greater availability of land supply. We also

report results using equal weights for all localities within the urban area.

Estimating equation (13) by OLS would yield biased estimates. By construction, since &, influ-

ences b, and since b, affects other localities” choices of their b, > wb, is correlated with &, .

i1, iej
Thus, if reaction functions are positively sloped, a shock which causes one locality to raise its servicing
will lead others to raise their servicing. The absolute impact of reactions terms would be overstated.

There are several possible solutions, including use of lagged b, (as in Hayashi and Boadway 2001) and

IV estimation (as in Fredriksson and Millimet 2002) where we could instrument for > wb.

i2l, ic]

with > w,Z,, using time-lagged values of Z;. Even though we instrumented for individual localities’

i2l, icj

b. previously, instruments for 2. wjb. are too weak to support the IV approach. Therefore we use the

i1, icj
third and most common approach. We rewrite equation (13) as

b=(-yW)*Zp+(-yW)¢. (14)
However, equation (14) is also flawed, because it ignores spatial correlation of the error terms, which al-

most certainly arises here, for example, from unobserved, correlated geographic factors across localities

within an urban area that affect public infrastructure choices. Thus, following the literature, we assume
an error structure of the form g=¥YMe+& , where &~N(0,6°l) and M is a matrix of spatial
weights. For this specification, the estimating model becomes

b=(-yW)"'Zp+(1-yW) (I1-¥M)7¢, (15)

 To see how land-supply weights arise from the model, assume the following functional forms: preferences of mi-
grants to locality i are x+g” +b’ , supply of migrants to the urban area is denoted by L , land supply is
p, =L A" , and preferences of existing residents of locality i are denoted by C,+b’—Z,L? . In a two locality
urban area, ie(1,2) , these specifications yield the following reaction function:
b’ = % by +B,2," +C,,

@L+A,)
where C, and B, are locality-specific constants and other variables are as defined in Section 3. Note the weight-
ing of b, by land supply in locality 2.
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For the M matrix, we use weights calculated from the inverse distance between pairs of locali-
ties in an urban area (normalized to sum to one), which gives greater weight to neighboring localities with
similar geography. In estimation of (15), for Z and M, we use lagged covariates to deal with issues of
contemporaneous correlation between errors and covariates; however, policy choices, b, are contempo-

raneous.

5.1 Base Case Results

We examine the determination of service levels for small houses in 1991, just after democratiza-
tion, presuming they reflect policy decisions made in the 1980s under dictatorship. We assume locality
elites in the 1980s have the ability to manipulate servicing of neighborhoods to encourage or discourage
in-migration. We estimate different specifications of the model, starting with a base case where we try to
determine a reasonably robust econometric specification, and we explore counterfactuals. We estimate

the model with and without strategic interactions. The model with strategic interactions is equation (15);

the model without strategic interactions is an OLS version of equation (12) without the > wb term

i1, iej
but generally with urban area fixed effects. In (15) we cannot have urban area fixed effects since by con-
struction that biases the coefficient y to be negative, which can be seen by inspection for the case where
an urban area has just two localities. Since we find no solid evidence of strategic interactions, we begin
by presenting results where they are not included. Note that strategic interactions state that incumbents in

locality i account for the effect of other localities’ choices of servicing b, , k € j and k #1i, on their
b, choice, and there may be several reasons for why we do not observe localities strategically interacting.
Localities may not know the b, of other localities with any degree of precision and may have limited abil-

ity to respond as those b, change. A locality is not a firm instantaneously adjusting its price in response
to price changes of other firm; changes require alteration of infrastructure plans and use of infrastructure

funds. Given the slow, local political processes by which incumbents influence b, allowing for more

sophisticated behavior may not fit the data.

The base case without strategic interactions is in Table 5. The short list of locality characteristics
(the Z variables) includes median household income, number of urban households, and the interaction
between the two, with variables in logarithmic form, and urban area fixed effects. For these key covari-
ates, we believe service provision for other houses in a locality (the externality) is a normal good whose
levels will rise with median locality income. Second, the urban literature hypothesizes that there are scale
economies in public service provision which would lead larger localities to provide services more cheap-

ly, although such scale effects may disappear at modest sizes. However, we also anticipate that larger,
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richer localities may have more incentives to deflect migrants. So while they value b, they may have a
stronger aversion to the increased congestion which higher b generates. Second, richer households may
not want the children of low-income and low-educated migrants in local schools. Lastly, there may be
fiscal reasons for richer localities to want to deflect low-income migrants, such as the dilution of any
property tax base. While we might expect positive income and scale (in terms of public service provi-
sion) effects, we expect the interaction between these two to be negative. The idea that these effects are
specific to servicing of housing geared to migrants, and hence by inference are concerned with deterring
migration will be reinforced by a look at two counterfactuals later.

A longer covariate list adds in one taste related and two cost related factors. The taste factor
represents preferences for more egalitarian policies, taken as the share of voting in the locality in favor of
anti-military political parties in the 1982 elections for representatives to the national legislature. This is
intended to measure preferences for more leftist representatives who might be more egalitarian (as re-
vealed by actions in the subsequent democratic era). One cost factor is higher density, where greater den-
sity would entail stronger negative externalities from poor water and sanitation conditions and also re-
duced cost per household of laying water mains. The other cost factor is the overall level of servicing in
the locality in 1970, driven by geologic conditions and 1970 factors during a different political regime.
Higher prior servicing represents enhanced scale effects—Iess cost to extend existing mains rather than
installation from scratch.

Base case results are in Table 5. Column 1 gives the results with the short covariate list and 2
with the longer covariate list. We focus on the column 2 results. As expected, provision rises with local-
ity income and size, but the interaction of the two is negative. For income effects, at one standard devia-
tion below mean size (at 8.25), a two standard deviation increase in income (0.78) increases servicing by
0.11, while at one standard deviation above mean size (10.25), the same increase in income leads to an
increase in servicing that is almost 50% smaller (at 0.05). For scale effects, coefficients indicate that for
localities at one standard deviation below mean income (at 9.13), a two standard deviation increase in size
(2.82) does not change servicing, while at one standard deviation above mean income (at 9.91), the same
increase in size leads to a decline of servicing of 0.05 (from a mean of .77).

Table 6 explores this negative income-scale interaction further. We divide localities into separate
size and income quintiles and then interact these, creating 24 cells relative to the base. Results differ
somewhat for the column 1 and 2 specifications of Table 5 in terms of interactive effects, but the pattern
is clear in both. As Table 6 shows for the column 2 specification, both income and scale effects generally
increase monotonically across quintiles. Scale effects are statistically weak. Point estimates of income cell
coefficients are significant and rise monotonically; but the big significant effect is moving out of the low-

est income category. Interactions are always negative, but, with one exception, are insignificant except in
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high income-size cells.”® Table 6 shows the relevant interactions for the column 2 specification. For the
column 1 specification not shown, the only significant interactive coefficients are for income cell 5 and
size cells 4 and 5 (coefficients (standard errors) of -0.204 (0.086) and -0.180 (0.074) respectively). Under
the column 2 specification, there is also evidence of significant effects in large localities in income cell 4
as well, as shown in Table 6. The interactive effects are large, strongly diminishing the scale and income
effects. Moving from the lowest income and size quintiles to the highest, ignoring interactions, raises
servicing by 0.30; the interaction reduces that increase by about 0.20 to 0.10 for income cell 5 and sizes 4
and 5.

For other covariates in column 2, Table 5, preferences for more egalitarian policies, represented
by the share of voting in the locality in favor of anti-military political parties in the 1982 elections for rep-
resentatives to the national legislature, reveal a strong positive effect on servicing. The result also fore-
shadows the democratic era policies of more universal servicing. Higher own locality density also appears
to increase servicing, given both cost and externality issues; a one standard deviation increase in density
increases servicing by 0.05. Finally, a larger share of overall servicing in 1970 is associated with an in-
crease in small house servicing in 1991, although the effect under urban area fixed effects is weak.

In column 3 of Table 5, we present an OLS version of column 2 adding one metropolitan area
control: number of urban households. We present these results because later when we turn to examining
strategic interactions we cannot include urban area fixed effects. OLS results are very similar to the fixed
effect ones. Coefficients on the income-scale terms are larger, although the pattern of interactions is the

same.

5.2 Robustness and Counterfactuals to the Base Case

While the vast majority of our localities are stand-alone municipalities, some are combinations of
these political units. Of those localities that are multi-municipality combinations, about half have over
85% of their urban population in one dominant municipality. We reestimate the basic models in Table 5
dropping localities that are not stand-alone municipalities and dropping localities where the dominant
municipality has less than 85% of the urban locality population. We also reestimate the basic models
dropping all localities in the two largest urban areas, Rio de Janeiro and Sao Paulo. In all cases, there is
almost no change in the coefficients, although we lose statistical power because of smaller sample sizes.

For counterfactuals, if we are correct about the nature of incentives to deflect low-income mi-
grants, then we should not observe the relationships in Table 5 in two “counterfactual” situations. For the

first, we would not expect the same demand and exclusionary motivations to operate in the servicing of

5 For income cell 2 and size cell 3, the coefficient (standard error) for the column 2 specification is -0.1523
(0.0638), while for the column 1 specification it is -0.1446 (0.0742).
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large houses, which do not cater to low-income migrants, if we presume that localities have less or no
desire to deflect the rich. For the second, with democratization, the national government embarked on a
wide-spread policy to upgrade urban slums and their servicing. Thus by 2000, we should see less or no
evidence of localities withholding service to small houses.

As columns 1 and 2 of Table 7 show, there are no income and scale interactions in the servicing
of large houses in 1991 and also none for small houses in 2000, based on the Table 5 column 2 (or col-
umn 1) formulation of Table 5. Although not in the table, for the quintile formulation corresponding to
Table 6, income and size effects and their negative interactions are insignificant when looking at both
large houses in 1991 and at small houses in 2000. Thus, the expected effects for servicing of migrant

housing by existing residents that we found in Table 5 disappear in these two situations.

5.3 Strategic Interactions

We examined the existence of strategic interactions without fixed effects for the column 1 and 2
formulations of Table 5. Results on these interactions are the same for both formulations as those for the
column 3 formulation of Table 5 which adds in a control for urban area size. It is on this last one that we

report in Table 8. The coefficient of interest is the estimate of y in equations (12)-(15). In column 3 for
OLS estimation of equation (12), y is positive and significant (even more so under equal weighting in the
W matrix), but, as explained earlier, the estimate is biased upwards. Note in column 3 we try to minimize

this bias by using lagged > wj;b.. However, MLE estimates of equation (15) yield small and insignifi-

i1, iej
cant »’s (using contemporaneous b’s and lagged w’s). There is no evidence in this formulation of strate-
gic interactions, although the formulation as noted earlier has limitations (see also Conley’s 2008 cri-

tique). Note that for the spatial correlation matrix M, as expected given geographic contiguity, spatial

correlation as measured by the y coefficient is positive and significant.

We also looked at other political possibilities. In particular, does the dominant locality of an ur-
ban area affect policies of other localities? We tried a simple formulation where in non-dominant locali-
ties, income and size of the dominant locality also affect service levels. Coefficients on that possibility are
completely insignificant. We also tried a shock model, where between 1980 and 1991, each urban area
gets an employment shock. In urban economics, the standard shock for a city is the national growth (ex-
cluding the own city) in each roughly two-digit industry for 1980-1991 multiplied by the city’s base share
of employment in each sector. So a city that has a big base in a nationally growing industry gets a positive
shock. We constructed a shock measure for each urban area based on 27 categories of service sectors and
manufacturing industries. The idea is to interact these exogenous shocks with income and size covariates

for the own and/or dominant locality. If a locality is in an urban area which faces strong growth pressure,
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does it react by further lowering servicing to forestall increased migration pressure? Again, we found no
consistent effects associated with shocks, and the base case results hold. No effects mean that own local-
ity or dominant locality income and size terms interacted with shocks were insignificant. Again, reacting
to urban area shocks requires a level of sophistication that the political system may not be able to accom-
modate. In summary, we think localities set their service levels for small houses occupied by migrants

based just on their own base period characteristics.

6 Conclusions

The extensive literature on the exclusionary policies of local jurisdictions tends to focus on the
exclusionary policies of localities in developed economies where informal housing markets do not exist.
We have attempted, in our work, to examine exclusionary policies in a developing country framework
where informal markets not only exist but are relatively prevalent, and thus provide an alternative to for-
mal housing markets when localities attempt to enact exclusionary housing restrictions. In such a sce-
nario, whatever legal housing restrictions are in place, migrants can still enter the informal housing mar-
ket. Beyond enacting legal housing development restrictions, localities can withhold public infrastructure
services to the informal housing sector and thereby create a disincentive for migrants to enter.

We have examined these migration and exclusion dynamics using a sample of 327 localities in 54
urban areas in Brazil between 1980 and 2000. Migrants move to these urban areas for employment and
choose the localities in which they will live. However, certain localities may seek to limit in-migration,
especially when migrants are low-income and low-educated. We focus on the provision of public water
connections to small (1-3 room) houses in which low-income and low-educated migrants are most likely
to live. We estimate the effect of withholding public water connections to small houses on the growth in
the number of households in the locality and find that not servicing small houses is effective in reducing
growth. Not only does withholding service from small houses reduce the growth rate of low-education
households, it also reduces the growth rate of high-education households. We attribute this reduced
growth effect on high-education households to externalities of living near unserviced areas.

We then estimate the determinants of water provision to small houses. We find that richer locali-
ties provide more servicing (a wealth effect), larger localities provide more servicing (a scale effect), but
being both rich and large is associated with reduced servicing. We find no evidence of strategic interac-

tions among localities within an urban area in setting services.
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Table 1
Share of Urban Households with Connection to Public Water Services

Percent with Percent with Number of Total number
central water central water localities with of localities
connection connection water

(locality average)  (weighted by
number of HHs in

locality)

Average for sample of 327 localities in 54 multi-locality urban areas, atleast 50% urbanized by decade
1970 50 58 156 185
1980 69 80 271 278
1991 83 91 326 327
2000 89 92 326 326
1991 Breakdown

Own house but not land 74 82 326 327

Own house and land 85 91 326 327

Small Houses 74 82 326 327

Large Houses 88 94 326 327

Migrants in poorest 20 % 74 81 326 327

Non-migrants in poorest 20 % 78 87 326 327
Average for localities in multi-locality urban areas, at least 50 % urbanized by 1970
1970 50 58 156 185
1980 75 82 183 185
1991 89 92 185 185
2000 92 93 185 185
Average for localities in multi-locality urban areas, less than 50% urbanized by 1970
1970 34 47 94 142
1980 53 63 128 142
1991 76 78 141 142
2000 84 83 142 142

Note: We consider localities that have less than 10% of houses served as having no service. Even though there may be in fact zero ser-
vice, some households may have mistakenly declared in the census that they had service, or service may be incipient. We weight the
share of servicing in each locality by its number of urban households in each decade. When the weighted share of households serviced
is larger than the unweighted share, this implies that the mean level of servicing is higher in larger localities.
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Table 2
Servicing of Houses by House Size

1980 1991 2000
A. Average for 327 localities at least 50% urbanized by 1991
Small Houses 48 74 84
Large Houses 74 88 91
Difference in Servicing 26 14 7

B. Average for 185 localities at least 50% urbanized by 1970

Small Houses 58 81 88
Large Houses 83 93 94
Difference in Servicing 25 12 6

C. Average for 142 localities less than 50% urbanized by 1970

Small Houses 35 65 80
Large Houses 62 82 87
Difference in Servicing 27 17 7

Note: Includes only urban households of localities in multi-locality urban areas. Small houses are those
with 1-2 total rooms in 1980, covering the bottom 14.3% of the house-size distribution, and 1-3 rooms
in 1991 and 2000, covering 16.5% of houses. Large houses are those with 6-7 rooms in 1980, cover-
ing 21.5 % of houses (below the top 11% by size), and 7-9 rooms in 2000, covering 19.7% of houses
(below the top 6% by size).
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Table 3
Growth Rate of Urban Households, 1991-2000

Dependent Variable: Growth Rate of Urban Households 1991-2000

M @ ®) @)
OLS OLS 2SLS 2SLS
Share small houses with water, 1991 -0.174* -0.159** 0.740* 0.744*
(0.089) (0.076) (0.423) (0.427)
Ln(# urban HHs, 1991) -0.026*** 0.014 -0.112%+* -0.115*
(0.009) (0.024) (0.030) (0.063)
Ln (land area) 0.006 -0.012 0.060*** 0.063*
(0.010) (0.016) (0.019) (0.035)
Average education in locality, 1991 -0.041%* 0.000
(0.015) (0.049)
Share HHs rural in locality, 1991 0.260 -0.052
(0.228) (0.501)
Urban Area Fixed Effects Yes Yes Yes Yes
N [54 Urban Areas] 327 327 327 327
Sargan stat. p-value 0.94 0.87
Min. 1st stage partial F 13.2 13.2
Anderson LR p-value 0.11 0.06

Note: Instruments are: locality adult illiteracy rate in 1970, adult illiteracy rate in the rest of the urban area in 1970, the share of locality
votes for anti-military parties in the 1982 national legislative elections, the manufacturing-to-service employment ratio in the rest of the
urban area in 1970, this manufacturing-to-service ratio interacted with the log of the distance of the locality to Sao Paulo, the adult illiter-
acy rate in the rest of the urban area in 1970 interacted with the log of the distance to Sao Paulo, the log number of households in the rest
of the urban area in 1970, the share of households that are rural in the rest of the urban area in 1970, the share of a locality's land that is
composed of porous geology, mean annual insolation in the locality, the standard deviation of average monthly insolation in the locality,
the share of a locality's geology that is porous interacted with mean insolation, and the share porous geology interacted with the standard

deviation of insolation.
Robust standard errors clustered at the urban area level.
* significant at 10%; ** significant at 5%; *** significant at 1%
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Table 4
Growth Rate of Households by Education Level, 1991-2000

Dependent Variable: Growth Rate of Households by Education Level, 1991-2000
[In (# xx educ HHs)(t) - In (# xx educ HHs) (t-1)]

Low Education Households High Education Households

(1) ) © @)
OLS 2SLS OLS 2SLS
Share small houses with water, 1991 -0.034 0.720%** -0.277%%* 0.738
(0.096) (0.250) (0.099) (0.632)
Ln(density, 1991) 0.011 -0.025 -0.004 -0.099*
(0.013) (0.030) (0.012) (0.059)
Ln (#low educ. HHs, 1991) -0.026*** -0.058***
(0.010) (0.018)
Ln (#high educ. HHs, 1991) -0.019* -0.036
(0.011) (0.027)
Urban Area Fixed Effects Yes Yes Yes Yes
N [54 Urban Areas] 327 327 327 327
Sargan stat. p-value 0.47 0.76
Min. 1st stage partial F 13.7 13.7
Anderson LR p-value 0.10 0.10

Note: Instruments are: locality adult illiteracy rate in 1970, adult illiteracy rate in the rest of the urban area in 1970, the share of lo-
cality votes for anti-military parties in the 1982 national legislative elections, the manufacturing-to-service employment ratio in the
rest of the urban area in 1970, this manufacturing-to-service ratio interacted with the log of the distance of the locality to Sao Paulo,
the adult illiteracy rate in the rest of the urban area in 1970 interacted with the log of the distance to Sao Paulo, the log number of
households in the rest of the urban area in 1970, the share of households that are rural in the rest of the urban area in 1970, the share
of a locality's land that is composed of porous geology, mean annual insolation in the locality, the standard deviation of average
monthly insolation in the locality, the share of a locality's geology that is porous interacted with mean insolation, and the share po-

rous geology interacted with the standard deviation of insolation.
Robust standard errors clustered at the urban area level.
* significant at 10%; ** significant at 5%; *** significant at 1%
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Table 5
Locality Decisions for Service Provision

Dependent variable: Share of small houses with water connection in own locality in 1991.

(1980 covariates unless listed otherwise)

1) ) ©)
UA fixed UA fixed OLS
effects effects
Ln(median HH income) 0.485** 0.378** 0.521**
(0.133) (0.114) (0.159)
Ln (# urban HHs) 0.376** 0.270** 0.309*
(0.140) (0.1112) (0.172)
Ln (# urban HHs)* Ln(median HH income) -0.031** -0.029** -0.035**
(0.014) (0.011) (0.018)
Share anti-military vote 1982 national elections 0.187** 0.185
(0.093) (0.116)
Ln (density) 0.033** 0.034**
(0.114) (0.012)
Share all urban houses with water, 1970 0.061* 0.142**
(0.038) (0.044)
Ln (# urban HH’s in urban area) -0.021**
(0.009)
N [50 urban areas] 276 276 276
R? [within] [0.23] [0.30] 0.44

Robust standard errors clustered at the urban area level.
* significant at 10%; ** significant at 5%; *** significant at 1%
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Table 6
Income-Size Interactions in Setting of Service Levels

Dependent variable: Share of small houses with water connection in own locality in 1991

Quintile 2 Quintile 3 Quintile 4 Quintile 5
Ln(median HH income) 0.133** 0.140** 0.160** 0.191**
(0.049) (0.053) (0.075) (0.069)
Ln (# urban HHs) 0.041 0.080 0.120* 0.111
(0.062) (0.056) (0.063) (0.069)
Relevant interactions
4™ income*4™ size quintile -0.141**
(0.070)
4™ income*5" size quintile -0.100
(0.089)
5" income*4" size quintile -0.225%*
(0.069)
5" income*5™ size quintile -0.194**
(0.064)
Includes urban area fixed effects and oth- Yes
er covariates from column 2 of Table 5
N [50 urban areas] 276
R? within 0.35

Robust standard errors clustered at the urban area level.
* significant at 10%; ** significant at 5%; *** significant at 1%
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Table 7
Counterfactuals

Servicing of large houses in the non-democratic are and of small houses in the democratic era.
(Covariates lagged by one period unless listed otherwise)

1) )
Service to large Service to small
houses in 1991 houses 2000
Ln(median HH income) 0.102 0.065
(0.097) (0.147)
Ln (# urban HHs) 0.072 0.026
(0.087) (0.101)
Ln (# urban HHs)* Ln(median HH income) -0.0070 -0.0047
(0.0087) (0.013)
Share anti-military vote 1982 national elections 0.039 0.152*
(0.077) (0.087)
Ln (density) 0.030** 0.038**
(0.0084) (0.011)
Share all urban houses with water, 1970 0.050 0.090**
(0.035) (0.043)
Urban area fixed effects Yes Yes
N [50 urban areas] 276 276
R® within 0.29 0.23

Robust standard errors clustered at the urban area level.
* significant at 10%; ** significant at 5%; *** significant at 1%
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Table 8
Testing for Strategic Interactions

Dependent variable: share of small houses with water connection in own locality in 1991

(1) () ©)
MLE MLE oLS
(Inverse Density (Equal Weights) (Inverse Density
Weights) Weights)
Weighted average of other localities’” in UA share of 0.010 0.113 0.289**
servicing of small houses (0.1149) (0.128) (0.053)
Spatial correlation 0.475** 0.400** n.a.
(0.084) (0.108)
Extended controls Yes Yes Yes
N [50 urban areas] 276 276 276
R’ 0.58 0.58 0.44

Note: Columns 1 and 2 use 1991 service levels in other localities. Column 3 uses 1980 to try to mitigate endogeneity issues.
Robust standard errors clustered at the urban area level.
* significant at 10%; ** significant at 5%; *** significant at 1%
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Figure 1

Urban Area and Locality Growth in Urban Households, 1980-2000

a) Urban Areas [slope coefficient (standard error) of -0.0530 (0.0184), R 2 =0.14; dropping Sao Pau-
lo and Rio de Janeiro: -0.0287 (0.0219), R 2 =0.03]

M
[a]

14

a 10 12 14 16
Log Urban HHsin Urban Area 1980

Growikh in Mumber of Urban HHs in Urban Area 1980-2000

b) Localities [slope coefficient (standard error) of -0.106 (0.012), R 2 =0.18]
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Figure 2
Share Rich in Localities in 1980 versus 2000
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Regression (standard errors in parentheses): Share Rich 2000=0.0124 (0.0021) + 0.8023 (0.0447)*Share
Rich in 1980 + 0.2331(0.0410)*Share Rich in 1980* dummy for largest 20% of localities. R?=0.77.
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Appendix A: Rent Hedonics

Hedonic regressions to determine shadow prices or consumer willingness-to-pay for attributes
apply to specific markets. Each locality has its own housing market, so in principle rent regressions to
obtain consumer willingness-to-pay for housing and neighborhood attributes should be estimated sepa-
rately for each locality. We look at Sao Paulo and Rio de Janeiro municipalities in 1980. We do not have
data on prices of owner occupied units, but we do have price data on rental units, most of which are single
family housing (rather than apartments). In the hedonic equations, we control for a variety of basic house
characteristics: number of bedrooms, number of other rooms, urban versus rural location in the munici-
pality, six types of wall construction materials, seven types of floors, eight types of roofs, and whether the
unit is a single family residence. We then control for a variety of servicing features. The identification
issue in estimation is that there may be unobserved neighborhood attributes that are correlated with ser-
vicing or even with house attributes. To minimize this problem, we insert district level fixed effects,
where Sao Paulo has 56 and Rio de Janeiro has 24 districts. The most recent year for which we can do
this is 1980; later years either do not have rent data or do not have district identifiers.

For services, we do a full examination of all types and forms of services on columns 1 and 3 of
Table Al and then a reduced form in columns 2 and 4 where we use the typical summary measures: cen-
tral water connection and full service (any electricity, central sewer, and connection to central piped wa-
ter). Table Al shows the basic results.

In Table Al, the reported coefficients reflect the percent by which rents rise. From columns 1
and 3, it is clear that in both Sao Paulo and Rio de Janeiro, there is a high premium on having central wa-
ter piped into the house, substantially more than well water piped into the house, presumably reflecting
the greater reliability of supply. Electricity garners a very large premium, even more so if it is metered
(legal), indicating both reliable supply and higher (amperage) effective service. Public garbage collection
has modest or no impacts. Central sewer is much more valued than septic systems, especially in Rio de
Janeiro. Septic systems only raise premiums modestly above having no service, presumably reflecting
the failure of septic systems in these dense localities. Clearly, there could be neighborhood conditions
that vary within districts of these central cities that are correlated with covariates, but the results are sug-

gestive.
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Table Al
Rent Hedonics

Dependent variable: Ln(Rent), 1980

Sao Paulo Rio de Janeiro
1) () Mean 3) 4) Mean
Water: other: inside plumbing 0.121** 0.0017 0.161** 0.0038
(0.030) (0.040)
Water: well, inside plumbing 0.185** 0.023 0.201** 0.0067
(0.011) (0.032)
Water: central connection, exterior  0.121** 0.055 0.229** 0.043
(0.009) (0.019)
Water: central connection, interior ~ 0.285** 0.897 0.366** 093
(0.020) (0.018)
Septic system 0.022** 0.308 0.028** 0.049
(0.005) (0.014)
Central sewer 0.094** 0.652 0.177* 0.916
(0.006) (0.012)
Sanitation: for more than one house -0.0029 0.191 -0.057** 0.091
(0.018) (0.030)
Sanitation: own house collection 0.060** 0.804 -0.034 0.903
(0.018) (0.031)
Electricity: no meter 0.077** 0.284 0.192** 0.162
(0.013) (0.033)
Electricity: meter 0.189** 0.708 0.342** 0.833
(0.013) (0.034)
Central water inside house 0.181** 0.214**
(0.007) (0.015)
Full service (central water inside 0.195** 0.361**
house, electricity, central sewer) (0.004) (0.007)
Controls: House Characteristics, Yes Yes Yes Yes
District Fixed Effects
N 196,149 200,067 105,135 108,492
Districts 56 56 24 24
R2 0.65 0.50 0.58 0.54
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Appendix B:

Table B1
Summary Statistics

For Tables 3 and 4: N=327, 54 Urban Areas

Share small houses with water 1991

Growth rate: # HHs 1991-2000

Growth rate: # low-education HHs 1991-2000
Growth rate: # high-education HHs 1991-2000
Ln(# urban HHs in locality) 1991

Ln(# low-education urban HHs in locality) 1991
Ln(# high-education urban HHs in locality) 1991
Ln(density) 1991

Ln(land area) 1991

Average schooling in locality 1991

Share HHs rural in locality 1991

Mean
0.74
0.40
0.54
0.33
9.50
8.51
9.00
5.11
5.98
471
0.14

Std Dev
0.21
0.17
0.20
0.22
1.46
1.34
1.56
1.73
1.36
1.10
0.13

For Tables 5, 6, 7, and 8: N=276, 50 Urban Areas

Share small houses with water 2000

Share small houses with water 1991

Share small houses with water 1980

Share large houses with water 1991

Ln(# urban HHs in locality) 1991

Ln(# urban HHs in locality) 1980

Ln (median HH income) 1991

Ln (median HH income) 1980

Share of locality voting for anti-military parties 1982
Ln(density)80

Mean
0.86
0.77
0.53
0.90
9.81
9.25
7.10
9.52
0.59
5.10

Std Dev
0.15
0.19
0.26
0.13
1.33
1.41
0.38
0.39
0.15
1.64

Min
0.02
-0.07
-0.16
-0.25
6.10
5.43
5.39
0.22
2.80
2.06
0.00

Min
0.10
0.02
0.00
0.14
6.34
6.30
6.00
8.41
0.03
0.64

Max
1.00
1.05
1.20
1.29
14.73
13.32
14.45
9.42
12.23
8.84
0.51

Max
1.00
1.00
1.00
1.00
14.73
14.52
7.94
10.44
0.94
9.36
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Table B2
First Stage Regressions

Dependent Variable: Share small ~ Ln(# urban Average Share HHs Ln (#low Ln (#high  Ln(density)
houses, HHs) 1991 education rural 1991  educ. HHs) educ. HHs) 1991
central water 1991 1991 1991
1991
Ln(land) 91 -0.021* 0.349*** 0.079** 0.021%**
(0.011) (0.059) (0.030) (0.008)
Illiteracy 70 -0.007**  -0.074**  -0.077**  0.004*** -0.044**  0.072*%**  -0.089***
(0.001) (0.008) (0.007) (0.001) (0.007) (0.008) (0.010)
Illiteracy rest UA 70 -0.027 -0.007 0.163 0.017 -0.109 -0.069 0.090
(0.017) (0.132) (0.120) (0.012) (0.109) (0.123) (0.168)
Share anti-military vote, nat. 0.163 2.068*** 0.046 -0.184%*  1.949%** 2.032%** 2.040%**
legislative elections 1982 (0.101) (0.455) (0.272) (0.061) (0.374) (0.427) (0.615)
Manu-service employ ratio, rest UA  -0.128 2.724** -0.284 -0.056 3.581*** 3.329%** 1476
(0.304) (1.101) (1.345) (0.080) (1.213) (1.233) (1.063)
Manu-service employ ratio, rest 0.013 -0.446** 0.136 0.015 -0.613** -0.538** -0.230
UA*In(dist to SP) (0.056) (0.206) (0.243) (0.015) (0.232) (0.235) (0.197)
Illiteracy rest UA 70* In(dist to SP) 0.003 -0.012 -0.029* -0.001 -0.001 -0.009 -0.017
(0.002) (0.017) (0.016) (0.002) (0.014) (0.016) (0.021)
Ln(# urban HHs, rest UA) 70 -0.091** -0.946** -0.282** 0.033 -1.552%*  1.702**  0.345
(0.038) (0.388) (0.136) (0.029) (0.363) (0.378) (0.348)
Share HHs rural in rest UA 70 -0.042 1.719 2.329** -0.370** 0.210 0.249 3.905*
(0.169) (1.753) (0.993) (0.154) (1.448) (1.535) (2.082)
% geology porous -0.489** -0.634 -0.712 -0.245 -0.541 -1.227 -0.244
(0.239) (1.437) (0.969) (0.209) (1.584) (1.473) (1.582)
Insolation mean -0.085 0.151 0.326 -0.224 0.705 0.280 -0.633
(0.207) (1.008) (0.736) (0.164) (1.109) (1.193) (1.492)
Insolation standard deviation 0.165 6.683 4.108*** -1.180** 6.486 6.888 4.869
(0.459) (5.512) (1.237) (0.534) (4.882) (4.781) (6.728)
% geology porous*insolation mean  0.332*** 0.249 0.368 0.143 0175 0.613 0.057
(0.109) (0.710) (0.536) (0.117) (0.752) (0.716) (0.867)
% geology porous*insolation -0.593**  -1.298 -1.045 0.066 -1.163 -1.686 -1.015
standard deviation (0.191) (1.191) (1.027) (0.174) (1.381) (1.306) (1.617)
N [54 Urban Areas] 327 327 327 327 327 327 327
F-statistic 15 125 76 16 59 103 50

Robust standard errors clustered at the urban area level.
* significant at 10%; ** significant at 5%; *** significant at 1%
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