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Developing countries have been experiencing an accelerated wdveh gvith high

levels of informal housing (houses that do not comply with property rigigisne

and urban regulations). This trend has brought renewed attention toutlye ot

developing cities in general, and of the informal housing sector ticydar. This

study examines the relationship between land use regulation, housieg gomit

informality, in the metropolitan area of Curitiba, Brazil.

Using a simultaneous equation model, the study conducts a regrassilysis to
understand the magnitude of the effect of urban regulation on formainigoprice
and the effect of rising formal housing price on the quantity of imébrhousing.
Three hypotheses are tested: (a) more restrictive land use regulateaseaschousing

price in the formal housing market; (b) an increase in formal hgysice causes the



guantity of informal housing to rise; and (c) an increase in folmaking price in
one geographic area causes the quantity of informal housing to nssghboring

areas.

The study shows that for three regulatory variables — minimatapéa, minimum
front setback and minimum frontage — land use regulations thatthmitlensity of
occupation have a significant positive effect on price. Regulatmghles that affect
building height — maximum number of floors and floor-to-area ratio ve tthe

opposite effect, possibly because single and multifamily unite@rbeing analyzed

separately.

The study finds that the price of formal housing has a negatieet effi the quantity
of informal housing in the same location, but this effect turns posititlee adjacent

and more distant locations. As expected, the rise in formal housiog iprione

locality pushes people to the informal sector in more distant neighborhoods.

However, in the same locality, a rise in price decreasegjubatity of informal
housing. The results indicate that high priced areas act as@tha development of
the informal sector in the same locality (explaining the negatefficients of formal
housing price) while the informal sector is being pushed to the outskitte city
(explaining why the lagged price variables become positivehamd an increasing
effect on the quantity of informal housing as the locations move fuathay from

each other).
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Chapter 1: Background

Introduction

Most urban growth over the past 50 years has taken place in developimiies.
Between 1950 and 1995 the number of cities in developed countries doubledt while
increased six fold in developing countries (Linden 1996). A continuationfrénd

is anticipated. A recent World Bank study expects the urban papulat
industrialized countries to grow by 11%, from approximately 0.9 biiloR000 to 1
billion in 2030. In contrast, developing countries’ cities are expectdduble in the
next thirty years, from approximately 2 billion in 2000 to approxinyadebillion in

2030 (Angel, Sheppard and Civco 2005).

A major feature distinguishing urban growth in developed countries from most
developing countries is the role played by informal housing (housesdohaiot
comply with property rights regime and urban regulations). Whiledastrialized
countries housing is largely delivered in compliance with properhysigegimes and
urban regulations (such as land use regulations, building codes, and sahdivi
standards), in most developing countries, low and moderate income households
which can constitute 50% of the urban population, are housed by the inBactait

(Dowall 1992).



The combination of these trends in developing countries — acceleragad gnowth

and its association with high levels of informality — has brough¢wed attention to

the study of developing cities in general, and of urban informaliparticular (e.g.

Roy and Alsayyad 2004, Drakakis-Smith 2000, Pamuk 2000, and Barross and Linden
1990). The central problem many authors face is that most urbanetheord
empirical models are rooted in the developed world and do not take into consideration
the specificities of urban development in developing countries, such esdld the

informal sector (Roy 2005).

The literature attempting to model the relationship between landegséation and
housing price is a case in point. While several studies analyzdféots of land use
regulation on housing price, most studies focusing on developing countries do not
control for differences between the effect of land use regulatiorformal and

informal housing and the relationship between these housing markets.

The purpose of this study is to address these issues. The study will develop a model to
estimate the effect of urban regulation on formal housing pricettamdffect of
changes in housing price on the quantity of informal housing. The malidde

applied to thirteen municipalities that are part of the metr@olirea of Curitiba,

Brazil, with a population of approximately 2.6 million (2000).

Although Curitiba is internationally renowned for its success ¢ityewas voted the

most innovative city in the world in the Habitat Il Conferencéstanbul, 1996) and



innovation in the implementation of urban planning policies, the citgdamajor
challenges with a rapid increase in population, brought about byraficant
investment from multinational corporations. Since the early 1990s, irekistave

been moving out of Sao Paulo, and Curitiba has been a prime destinabosdet

its quality of life. The area has attracted corporate entiieh as Renault (US$1
billion), Audi/Volkswagen (US$800 million), and BMW/Chrysler (US$500 million)
(Nojima et al. 2004). The metropolitan area experienced an annuabpopgrowth

of 3.12% between 1991 and 2000. As not all households that move to the city can
afford a house in the formal market, there has been an expafsioformal land

developments.

Viewed in this context, Curitiba provides an excellent opportunity to retatel
whether land use regulation is playing a significant role ireesing formal housing
price and pushing people to the informal housing market. First, because Chagiba
growing population, a necessary condition to observe rising housing andexssess
whether regulation has an effect on it. Second, Curitiba has ansstdliradition in
the use of land use regulation, unlike any other city in Brazil. Thiel,informal
housing sector is increasing, attracted by the economic growidlyiCuritiba and
the metropolitan area have been renowned for having among the ligstionsl
capacities in government and research agencies in the countiytatfagi data

collection.



Historic Context for the Emergence of the Informal Housing Sector in Brazil

Before analyzing the informal housing sector in the metropolitam@r€uritiba it is
important to understand the causes for the emergence of the infoyosaihg sector
in Brazil, its characteristics and the public policies towar®éspite the great level
of autonomy experienced by municipalities over the past 20 ydsesFederal
government centralized several aspects of housing and urban develguinaas
before, influencing greatly the policies towards the informelasan all the country.
This section will also explain some of the differences betwibenurbanization
process of Curitiba, Parana, and the rest of the country. Finali§l] &xplain how
the recent economic growth is closely associated with the decattom of the
industry from the state of Sao Paulo, which has brought a delayedhgmow
population and in the informal housing sector in the metropolitan areariib@ in

comparison with other parts of the country.

Brazil expands across 8.5 million square kilometers, occupying 47%oath
America. It has 26 states and 5,563 municipalities (2003). It is tightlg smaller
than the United States, which has 9.2 million square kilometers oataad Brazil is
the fifth most populous country in the world and is highly urbanized. dt &a
population of 180 million people of which 81% live in urban areas (206#ure 1

shows a map of Brazil with the states’ boundaries and demographic density in 2000.

! The Brazilian Institute of Geography and Stats{BGE), which acts as the census bureau in Brazil
defines as urban all areas that are containedeirthiel municipalities’ urban perimeter. Municip&i

are required by the Federal Tax Code of 1967 tmedfy law an urban perimeter in order to apply an
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Figure 1 - Brazil Demographic Density

The southeast region — comprised of the states of Sao Paulo (&8¢, Jneiro (RJ),
Minas Gerais (MG) and Espirito Santo (ES) — is the most depsglulated area in
the country and the one with the highest participation in the nationabexy. It
houses 43% of the total population and it produces 64% of the nationad Gros
Domestic Product (GDP) (2000). Parana (PR), the state of whidktib@uis the

capital and economic center, is located in the south region andiérb@ao Paulo to

urban property tax (a municipal tax) inside thigipeter and a rural property tax (a federal tax)

outside this perimeter.



its north. Parana has th8 Birgest economy in the country in terms of its contribution

to the national GDP and rank$ émong states in terms of its population.

The growth of the informal housing sector in Brazil is closelgoaiated with two
factors: a rapid urbanization process between 1940 and 1980 and amefxtre

unequal distribution of income.

Rapid Urbanization Process

The share of urban population in Brazil increased from 36% to 80%ebert1950
and 2000 (United Nations 2004). The rapid urban growth was a result assve
migration from rural to urban areas. Factors contributing to thed exodus and
urban explosion of the period were the rapid industrialization probesstarted in

the 1930s and increased significantly between 1950 and 1980 as aafesult
deliberate policy of industrial development promoted by the state. tbweourse of

the key 30 year period, the average rate of industrial production deache

approximately 9% a year (Suzigan 1984 and 1988, Cano 1989, Dedecca 2005).

Another critical factor contributing to rural flight was the intanance of the
concentration of land ownership in rural areas. The combination of rapid
modernization while entire swaths of the country maintainedathtimnal agrarian
structure inherited from colonial times created an urbanizationshat‘precocious

and disorganized” as described by Cano (1989).



Until 1950, Brazil inherited from the colonial period a fragmentedesysof cities

that were predominantly located along the coast, where agriulind extraction
products were exported to Europe, and imported products where channeled inland
These cities had more ties to European cities than to each b#uayse of the
limited transportation system connecting them (Taschner 2003)h Whe
industrialization process, the state invested heavily in aggstém to connect cities

and integrate regional markets. This national road system dgilitthe domestic
distribution of goods from industries concentrated in the southedse t@st of the
country, and supported the flow of labor coming from the northeasthendural

areas to the southeast.

This period was also marked by population growth in the metropoligagal he
share of the population in metropolitan areas grew from 21.5% in 1960 to 29% in
1980. Between 1970 and 1980, 41% of the national population growth took place in

metropolitan areas (Taschner 2003).

2 In Brazil, metropolitan areas were defined by @mnstitution of 1967, which gave the Union the
mandate to create them by legislation. The Conititudefined metropolitan areas as a group of
municipalities that were part of the same socioeatin unit and that could use common services. In
1973 and 1974, two federal laws created the fire metropolitan areas of the country, including Sa
Paulo and Curitiba. The federal law also requirdek tstates to create councils for the
institutionalization of the metropolitan areas. T®enstitution of 1988 decentralized to the staties,
power to create metropolitan areas and to defigeinstitutional framework. There are now 29

metropolitan areas in 18 states in Brazil (COMEO&0



Because of the continental size of the country and historic conditicazl'8
urbanization process created important regional differences. paost of the north
region were left unexplored, with the exception of Manaus and othegaicapies.

The Northeast, maintained a traditional rural property systdrarited from the
colonial times and had a disperse urbanization process centetteel mne capital
cities. The central-west region had an urbanization proceswésapolarized by the
construction of Brasilia, which was inaugurated in 1960 and by the eth@ 4d©80s

was already the™largest city in Brazil. The southeast, especially the sth®ao
Paulo, was the region that experienced the most rapid urbanizaticesprbetween
1950 and 1980, due to regional migration seeking employment in the county’s

dominant industrial and service centers (Cano 1989).

The urbanization process of the south has been historically more dxhldran the
rest of the country, because the industrialization process wasgrameal and its
agricultural sector was based on a more equitable distributiompéfy and income
(Cano 1989). Parana was one such example, although its urbanizatiossproce
accelerated rapidly in the 1980s due to the modernization of thellagiat sector
and the expansion of the industrialization process from the metropaiganof Sao

Paulo to the metropolitan area of Curitiba.

Over the past 20 years, there have been some changes in the ardvaistribution
of cities in Brazil. Medium size cities have been growing more rapidlytadrowth

of metropolitan areas has decreased significantly. Between 199&0CH%] the



population of medium size cities (100,000 to 200,000 inhabitants) grew at 2.74% a
year while large cities with more than 1 million inhabitantswgiat 1.87% a year
(Taschner 2003). Another important change between 1980 and 2000 was the
multiplication of municipalities due to fiscal incentives provided thwe new
constitution of 1988. The total number of municipalities in the countupgéd from

3,991 in 1980 to 5,507 in 2000. Parana experienced a similar trend. The total number
of municipalities grew by 25% from 318 to 399 municipalities between Ho&8

2000.

Accentuated Inequality

An important characteristic of the economic growth that took pltatiee second half

of the 28" century was the accentuated inequality of income distribution, viiaidta
spatial impact in Brazilian cities. Measured by the Ginffo@ent for the distribution

of household income per capita, inequality in Brazil rose from 0.500 intb9®865

in 1970 reaching 0.625 in 1989, when Brazil's inequality was the secondsthighe

the world, narrowly following Sierra Leone’s Gini coefficient®629 (Ferreira et al
2006). Other measures of income distribution similarly show a higinedeof
inequality in Brazil. For example, the ratio of the share ofpibygulation in the top
20% of the income distribution to the bottom 20% equal to 32.1 in 1989, compared
with an average of 5.5 in South Asia during the 1960s-1990s and 6.3 in thei@dustr

and high income developing countries during that time period (Clements 1997).



Historically, authors have pointed to two structural factors doatributed to the
unequal distribution of income in Brazil. First, the industrial grotht took place in

the second half of the last century had an unequal salaryusgu®©ne study found

that between 1966 and 1972, the salaries of executives had aonetld gf + 7.2% a

year, while the salary of qualified and non qualified workers hashlagrowth of +

3.1% and — 1.3%, respectively (Sadoulet 1985). The minimum salary, wtischzih

has been an important factor in determining the base salary ofimdastries, lost

40% of its real value in the period between 1952 and 1974 (Souza and Tavares,
1981). This is significant when considering that in some large inesistr Sao Paulo,

such as the auto industry, 25% of workers received between 1 and 1.5uminim

salaries.

A second factor that contributed to the significantly unequal bligtan of income in

Brazil was the fact that the industrial sector didn’'t absorlwvatkers who emigrated

from rural areas, leaving a large proportion of the workers dependéimé amformal

labor market, where in addition to low earnings there was greattegrability during
periods of economic slowdown, such as between 1963 and 1967 and during the

recession of the late 70s and early 1980s.

In addition to structural factors that made Brazil one ofntlest unequal countries in

the world, the periods of macroeconomic instability contributed to the@lat®on of

the purchasing power of low income families. This was espedraiéyin the 1980s,

10



when a period of hyperinflation increased inequality and povertysleneBrazil to

their highest levels (Ferreira et al 2006).

Since the early 1990s, there has been a change in the histeridahty in the
distribution of income in Brazil. The Gini coefficient fell from 0.631989 to 0.56 in
2004 and poverty incidence fell from 0.33 in 1993 to 0.22 in 2004. There aralsever
factors that have contributed to this tendency, but the major onesbkawethe
macroeconomic stability since the implementation of the econafocms of 1994
and the increase in social assistance transfers targeted poadr that started in the
same period. Although there have been improvements, Brazil continuesteeg
unequal country, having moved only from 2nd to 10th place in the world’sngaoki

income inequality (Ferreira et al 2006).

The Informal Housing Sector in Brazil

This section will discuss the two major forms of informal housm@riazil referred

to asfavelasandloteamentosThe combination of the rapid urbanization process and
the unequal distribution of income created a marginalized urban poputatit was
unable to afford a formal housing solution. Formal rental units wenee since the
approval of the Renters Law of 1942, which discouraged investmentstah uaits

by freezing rents well below inflation for two decades (Holston 1994 ha result, of

the limited supply of affordable formal housing, low-income households feeced

to find a housing solution in the informal housing market. In Brazibralination of

two primary forms of informal housing solutions were used by the upwem:

11



squatter settlements (calledavelas in Brazil) and irregular or clandestine land

subdivisions (calledlbteamentoy.

Favelasoriginated with the invasion of public or private land by individual feesil
or by an organized group of families generally in central lonabf metropolitan

areas. In 1991, 78% of the population living favelas were concentrated in 9
metropolitan areas (Taschner 2003). The majorityfankelas are located in the
southeast region of Brazil, especially in the metropolitan ar&aofPaulo. In 1991,
the southeast region housed 57% of the populatidavielas The south region had

one of the smallest percentages, housing only 6% of the populatenrelas

The historic development, characteristics and prevalendavefas as a housing
solution for the urban poor varies across metropolitan areas ifl. BRewzde Janeiro
was one of the cities whefavelasfirst started to expand in the beginning of th& 20
century. By 1950, favelas already housed 6.7% of the total populatiomoofieR
Janeiro. This percentage grew to 13% in 1970. In 1991, 22% of the city’sapopul
lived in 604 favelas (Valladares and Figueiredo 1983, Prefeitura daeéRimneiro

and Inter American Development Bank 2003).

Figure 2 and Figure 3 shdavelada Rocinha, in Rio de Janeiro, the lardaselain
Brazil with an estimated population of 200,000 inhabitants. The pictures lstmw
the density of occupation and topographic characteristics, both comntiogse type

of settlements in the city of Rio, are a barrier to the provisfomfrastructure and
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services. As a consequence, regularization and infrastructurem®gre unable to
fully integratefavelasto the rest of the formal city, which is not the case of most

irregular land subdivisionsdteamentos)

Source: redora iaTéixira
Figure 2 - Favela Rocinha, Rio de Janeiro
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Source: Wikimedia Commons
Figure 3 - Favela Rocinha, Rio de Janeiro

In Sao Paulofavelas developed later and housed a smaller percentage of the
population compared to other forms of informal housing. Until the 1970stHass

1% of the population in the city of Sao Paulo livedfanelas Between 1973 and
1993, this percentage grew to 19.8% or 1.9 million people (Taschner 2003). Although
favelas grew rapidly in the 70s and 80s, the prevalent housing solution for low-
income families in Sao Paulo was irregular or clandestine dabdivisions in the
periphery of the city. In 1975, Kowarick (1980) estimated that 117,000 peogde |

in favelasin Sao Paulo, contrasted with 615,000 livingcorticos (informal rental
rooms located in centrally located and deteriorated tenemeruts).& million living

in irregular land subdivisions in the periphery of the city. By 1993, tipa:lption in
favelassurpassed the populationaorticos but irregular or clandestine subdivisions

in the periphery of the city continued to be the predominant housingosofoti the
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urban poor. The municipality of Sao Paulo estimated in 2000 that hateof
population of the city or 5.5 million people lived in informal housing, Jionilin
irregular or clandestine subdivisions, 1.9 millionfavelasand 600,000 ircorticos

(Folha de Sao Paulo 2000).

It is important to note that there is a very large variatrothe number ofavelas
depending on the source of information and the criteria adopted.xBarpke, a
comprehensive study contracted for by the municipality of Sao Fault®93
estimated the number of people living fewelasat 1.9 million, while the census
information for 1996 estimated only 748,000 people. Most of the difference is
attributed to the census definition falvelasas a group of 51 housing units or more,
while in the city of Sao Paulo 22% ta#velashad less than 51 houses, according to
the 1993 study. The sub estimation of this form of houdoesn’t affect all cities in

the same way. In Rio de Janeiro, the census estimates age toagality because
favelasin the city are much larger and there is a smaller pexgerffavelaswith

less than 51 housing units (Taschner 2003).

Irregular or clandestine land subdivisidotéamentog was the main form in which

the periphery of several Brazilian metropolitan areas expandetstrb the large

® Fernandes (1997) defines irregular land subdivisis those promoted in precarious technical
conditions, where their illegality is due to onemore of the following factors: the division is not
registered in the public registry office, as depels lack the legal titles of property due to reaso
ranging from land invasion to the registry officdsireaucratic disorganization; the subdivision is

located in a rural area; the project does not dheyexisting legal requirements; developers fail to

15



flow of migrants or families that were displaced by urban rehandfavelaremoval
programs. The process involved the subdivision of land in individual plots by
developer who may or may not be associated with the land owner. Genbede
subdivisions were located on the fringes of the city, in mangscas rural areas
where urban development was not permitted. Nothing more than dirt rcaes w
generally provided and most of these subdivisions lacked infrasgustich as
access to water, sewage, pavements and electricity. Low-infeonilees paid for the
plot over a period of five to ten years and built their houses ondh@i over time,
starting with an improvised shack and improving it with more permanaterials in

10 or 20 years.

provide the urban infrastructure. Clandestiuddivisions are thosgeveloped in areas of contested

ownership.
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Source: Municipality of Sao Paulo
Figure 4 - Loteamento Irregular Parque Esperanca, 8o Paulo

Source: Municipality of Sao Paulo
Figure 5 - Loteamento Irregular Parque Esperanca, 8o Paulo
Before and After Regularization Program,

Figure 4 and Figure 5 show an irregular land subdividmegmentd in the city of
Sao Paulo. Like sever@dteamentosthis one is located in the outskirts of the city,

close to the mountain range to the north of the city. It has a platrest layout, and
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after improvements resulting from a municipal program to regelair introduce

infrastructure, it becomes more difficult to differentiate it from a fdrdevelopment.

The expansion of the irregular or clandestine land subdivision legatur in 1930

and intensified after 1950 (Valladares and Figueiredo 1983). In theoivibe city of

Rio de Janeiro, there was an increase in the number of irregtdgsrbduced from

6,800 in the 1940s, to 36,600 in the 1950s. The production was reduced to 17,400 in
the 1960s and 11,700 in the 1970s and almost vanished in the period of rapid inflation
and recession of the 1980s, whearelasexpanded significantly (Lago and Ribeiro
1996). In 1991, the city of Rio de Janeiro had 774 illegal subdivisions of which 65%
were clandestine and 35% were irregular. The majority ofsthxlivisions (61%)

were located in the west of the city, where there is a highecentration of low-

income people (Lago and Ribeiro 1996).

The exclusionary modernization of the Brazilian economy and the ingqudli
Brazilian society had an impact on the spatial configuration otthmtry’s urban
and metropolitan structure, marked by the spatial segregation pbtre(Maricato
1996). The rich lived in more central locations, where most publicsiments in
services and infrastructure were concentrated, and where uthdatien and the law
was more strictly enforced, limiting access to poor familidge poor, on the other
hand, lived in the peripheries or in squatter settlements, withoutssaciee
infrastructure and basic services, in precarious housing streicanmd with insecure

or inexistent rights over their property. In Sao Paulo, 67% of hedwudeholds

18



earning more than 20 minimum salaries were concentrated indbiergest portion of
the central area, while the periphery accounted for 41% of head of householdg earnin

up to 1 minimum salary (Taschner 2003).

There have been some recent changes in these trends. Firsthakeleen an
important improvement in terms of urban and housing conditions in low income
neighborhoods. For instance, in 1973 only 1.3% of houses in the city of SacsPaulo’
favelashad permanent structures, and in 1980, 65.4% had access to eleafritity
33% had access to water. In 1993, 75% of houses in the city of SaocsRawuitas

had permanent structures, 90% had access to electricity and @086dess to water

(Taschner 2003).

A second change, starting in the 1980s, is the development of some logheinc
gated communities in the peripheries of the cities followingAthnerican model of
the suburbs. Several authors argue that the historic duality betwezger and
periphery is not clear anymore in cities such as Sao Paulo.rdhegoto recent
research, spatial segregation is happening more within neighborhoodsgréiigie
income developments that are isolated by gates and security tmghnahd low

income developments (Taschner 2003).

Housing and Urban Policies in Brazil

This section presents the changes in housing and urban polidiesfédtded local

policies toward the informal housing sector. It shows how the cenattialn of
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housing and urban policies in the period from the 1960s to the 1980s inflistated
and municipal governments to focus their attention on the construction o€ publ
housing, and on the use of planning instruments to prevent the growtrohahf
settlements. During this period, municipalities didn’t have much ptevezcognize
the existence of the informal housing sector and target progmthss sector. This
section also discusses the changes that were brought about &prikgtution of
1988, when urban regulation was encouraged to be more flexible or gigaTic
accommodate the reality of the informal sector. Additionally, mpalities gained
autonomy and resources to define their own urban policies. Urban conditions

informal settlements were greatly improved as a consequence of theseschang

By the 1960s several sectors of Brazilian society were wothigdthe cities were
growing in a disorderly pattern because of the flow of migraat<ities, the
extraordinary expansion of urban areas, and the rapid growth of infeettiaments.
Several academics challenged this idea, arguing that theregwaso the disorderly
way in which cities were being developed. However, when theanyilitegime took
power in 1964, the debate about the causes of the exclusionary urb&opoers
model of Brazilian cities was interrupted. Instead, the mylitagime addressed the
issue on two fronts: (a) with the implementation of a radical restructubne diousing
sector to expand the supply of new affordable formal housing; and (b)tknat
passage of new legislation and incentives at the federal tepeévent the growth of

informal settlements.
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Housing Policy

A critical component in the reform of the housing sector inclutiedcreation of a
Housing Finance System that in theory was unsubsidized, markettenpenad
financially sustainable. The system was based on a monetarfounihderwriting
mortgages that was indexed against inflation and financed bys fiiran a

compulsory savings plan for formal workers of 8% of their salaries.

The National Housing Bank was created to centralize housing aitdtsa policy

and, originally, was intended to provide mortgages for three segrokttie market:
(a) the low-income segment for families earning 1 to 3 minimataries; (b) the
median-to-low-income segment for families earning 3 to 5 mimnsalaries; and (c)

the median-income segment for families earning 5 to 6 minimum salaries

During its 22 year life, the National Housing Bank financed thechase of
approximately 4.8 million new houses or approximately 25% of the isperea
housing units in the period between 1964 and 1986 (Souza 1999). Only one third of
the housing production was targeted to families earning less tmamrbum salaries,
with the rest of it going to the median-income segment, which &xganded to

families with up to 12 minimum salaries.

By the early 1980s, the economic recession and inflation negatividyteal

structural elements of the housing finance system in two waiyst, the funding of

the system diminished significantly due to unemployment and the ssen& of the
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resources to finance the internal debt. Second, the financiairalstity of the
system was affected by the high delinquency rate of the mosgigadich reached
more than 50% in 1984, due to the decrease in purchasing power ofniineumi
salary and the indexation of the mortgage payments (Souza 1999). In HE©86 t
National Housing Bank was extinct and housing finance became catbcti
unavailable to the majority of households until 2004, when macroeconomic
conditions, such as low inflation, reduced interest rates, and chantpesregulatory

framework, allowed a significant increase in housing finance.

Reforms to the housing sector implemented in the 1960s failed to provide low-income
households a formal housing solution. On the other hand, the collapse pétdma s

in the 1980s and the long period of economic instability that follpvesti even
households in the low to middle income segment of the market witlssatoea
formal housing solution. As a consequence, the informal housing sectinued to

grow rapidly since the 1960s.

Urban Policy

To contain the growth of informal settlements, the militarymeggthat took power in
1964 reformed legislation and provided incentives at the federal tevéorce

municipalities to plan and control urban development in their terst@me stop the
growth of informal settlements. In 1979, a federal law to regudatd subdivision

was approved, in substitution of the Federal Decrees 58 of 1937 and 271 of 1967.
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Federal Law 6,766 of 1979 required land subdivisions to have a minimum glaf siz
125 square meters with minimum frontage of 5 meters and a compdtsaation by
the landowner of 35% of land for public use such as streets, parks and apadsifor
equipments$. These parameters could be relaxed in specific urbanization projects or to
build public housing. All land subdivisions were required to be developddhwite
urban area boundary set by municipaltieand outside areas that were
environmentally fragile. Finally, all land subdivisions were regplito be registered
in the real estate public notary. In order to be registered wbeg required to have a
municipal permit and had to have executed minimum construction worksedelty
the local authority. The construction works were defined as the txecof the
streets (not pavement), demarcation of the plots and public spade=sxecution of a

solution for the drainage of pluvial water.

In 1999, Federal Law 6,766/79 was revised by Federal Law 9,785/99. Thiaawew

transferred to the municipalities, authority to determine theep&ge of compulsory

* Previous legislation didn’t specify a minimum p&ize and frontage and municipalities could define
their own parameters. Compulsory donation of 35%hefarea was revised in 1999 by Federal Law

9,785/99, when municipalities were allowed to defiheir own parameters for compulsory donation.

® The tax code of 1967 required municipalities tsigeate urban and rural areas of their territory fo

the purpose of applying: (a) urban property taxe3()) in urban areas and in areas subjected tanurba
expansion; and (b) rural property taxes (ITR) imatwareas. Later, Federal Law 6,766/79 made it
illegal for developments outside of the urban arethe area of urban expansion to be subdivided and

commercialized for residential use.
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donation of land for public use. It expanded the requirements of minimum
construction works that subdivisions had to have in order to be regjsieckaling
the drainage of pluvial water, public lighting, sewage systeotesa to water and

electricity by each residence, and the execution of streets (not payement

Federal Law 6,766/79, with the changes provided by Federal Law 9,78548) is
being applied in Brazil. Most municipalities approved land subdivision anahgoni
regulations that use parameters that are far more string@mttihose at the federal
level. However, as Maricato (1996) points out, one of the innovations ¢édeeal
legislation was to criminalize developers of clandestine egudar land subdivisions

with the objective of stopping the practice.

For several reasons the legislation was not successful ipirsgoprregular or
clandestine land subdivisions or the informal housing sector in gemerabme
cities, such as in Sao Paulo, there was a reduction in the supplgnofestine or
irregular subdivisions in the years after the approval of Fetiava6,766. However,
the city experienced an explosion in the growtlaselasin the 1980s and 1990s.
While in 1973, the city of Sao Paulo had 100,000 people livinfpwelas this

number increased to almost 2 million by 1993 (Tashner 2003).

The other attempt of the military regime to contain the growftithe informal

housing sector was to use incentives to encourage municip#htiestter plan the

growth of the territory. In the 1970s and early 1980s, the National ktpugank

24



increased the investment in urban development projects, such asamdteewage
infrastructure, and required municipalities to have master plarnsrder to have
access to those resources. From 1969 to 1978 the National Housings Bank’
investment in urban development projects grew from 4.1% of its totadtmeats to
28% (Azevedo & Andrade 1982). By the early 1980s, the investment isdbier
represented 0.5% of the Gross National Product (Melo 1990). The irardstin
urban development projects improved access to basic infrastructuremdsit
municipal master plans never became law and in most casas$ @ndeing ignored

in the development of cities.

The collapse of the housing finance system in 1986, the lack afdakfle formal
housing solutions for low and middle income families, and a decreasedme
during the recession of the 1980s, resulted in the informal housing ngaokénhg

despite all efforts to contain it through legislation and planning.

In 1988, with the end of the military regime and the return of deswyc Brazil
approved a new Constitution that introduced several innovations in urban
development policies. First, it recognized the right to property, liaguieal estate to
fulfill a social function. Second, it included practical instrumdntgnsure rights to
families living in informal settlements, and made urban reguiatnore flexible for

the regularization of informal settlements and the developmenbwiincome
housing. Some examples of these instruments are special legistatlow-income

residential developments, special zoning requirements for areasialf iaterest, and
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the acquisition of domain through “usucapiao” (the concession of uaeptaft no
larger than 250 square meters to a person who doesn’t own any wtperty and

has lived on it for five consecutive years).

A study in the state of Sao Paulo (Rolnik 1998) found that the spegislation for
low-income residential developments was one of the most usednnesits since the
approval of the Constitution. The study found that 43% of the surveyed municipalities
have approved special legislation for low-income residential ldereents, with
construction and land use parameters more permissive than those uakdtioer
developments. A special zoning area for low income housing (ZEIS), pagmtore

permissive land use regulation, was applied in 27% of the surveyed municipalities.

The use of permissive land use regulation to improve access tadated 9efore the
approval of the new Constitution. Recife, a city in the northeas,ome of the first
to create ZEIS in 1983. However, the inclusion of these instrumentthe
Constitution contributed to the expanded use of these instruments in more

municipalities.

Another important change in the Constitution of 1988 was the consolidatistalf
decentralization that started in the mid 1980s. While in 1980 the fepmrarnment
had 66.2% of the total public resources of the country, the states had 24d3% a

municipalities had 9.5%; in 1992, the municipalities increased theicipatton in

26



the amount of public resources to 16.9%, states increased theirpgadidicito 31.0%

and the federal government reduced its share to 52.2% (Rezende 1997).

A secondary effect of the increase in transfers from thededevernment to state

and municipal governments was the creation of new states and mlitespa
Between 1988 and 2000, the number of states increased from 21 to 26, which
represent a 25% increase, and the number of municipalities grewi fi@& to 5,559,
which represent a 35% increase (Alves 2006). In 1996, Constitutionahdhneat

15/96 slowed this trend considerably, by reserving to the federa@rgoent, the
power to create new municipalities. In the state of Paranan8iicipalities were
created between 1988 and 1996, but none was created after the amewndthent t

Constitution.

The fiscal decentralization created a major shift in the obline different levels of
government in urban development. The increase in transfers left twezalfe
government with few resources to have a coordinated program strnmset in urban
development. Instead, the resources were spread among 5,000 munigipétihs
became the main level of government responsible for urban develbpitiee
consolidated annual expenditures of municipal governments in housing and urban
planning in Brazil grew from US$2.6 billion in 1988 to US$4.0 billion in 1993je
expenditures in health and sanitation grew from US$1.5 billion in 1988 §2.WS
billion in 1992 (Rezende 1997). There is an ongoing debate about whe#zdraB

decentralization went too far and more resources should have renraihedhands
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of the federal government, but the fact is that since 1988, munigpaind to some
degree states, are the main actors in the formulation of urbatiepoand the

execution of urban programs.

Another change brought about by the Constitution of 1988 was the requirgn@ent
municipalities with more than 20,000 inhabitants legislatively appravaster plan.

This requirement was not enforced and a minority of municipaldeaplied. A

study of the impact of the Constitution’s new provisions on urban development
municipalities in the state of Sao Paulo found that 40% of sudveyicipalities

with more than 20,000 inhabitants didn’t have an approved master plan, 10 years after

the approval of the Constitution (Rolnik 1998).

In 2001, Federal Law 10,257, also known as the City Statute, detailed|sssects

of the Constitution with respect to urban policies. This is thelévg on urban policy

in Brazil, and is acclaimed for acknowledging the existent¢beoinformal sector and

for proposing instruments for the regularization and/or development of areas occupied
by low-income households. The law listed 35 instruments municipalibiglsl use as

part of their urban policies, regulating eleven of these instriansath as the master

plan, progressive urban property taxes, and ZEIS.

After the approval of the City Statute, there was signifiedfurt at the federal level

to have municipalities comply with the requirement to approve a malste and to

make it the centerpiece in regulating, planning, and managing teveiories. In
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2006, of the 1,682 municipalities that were required to approve a mé&ste67.2%
complied, 29.3% were in the process of reviewing their master ptah®nly 3.6%
didn’t initiate the process (Cymbalista 2006). Several municipsalitised the
opportunity to review their zoning and land subdivision regulations, their congtructi
code, and include the new instruments proposed by the Constitution andythe C

Statute.

In conclusion, in the 1980s there was a major shift in the formalaifourban
policies in Brazil. The centralization of housing and urban developmeistgsothat
characterized the military regime was replaced by dedematiian of responsibility
and resources to municipalities. Prior legislation and policiesVadea confronting
the underlying problems of informal settlements, and had triedetelynstop their
development and replace them with formal housing solutions. In the 198@svie
a recognition that the problem was too big to ignore and that infaettements
could not be eradicated and replaced, but needed to be recognized dadzesh
Finally, new legislation provided instruments to make land use tegulanore

permissive in order to make housing more affordable to low income families.

Now that municipalities are at the center of urban policy, andl&min at the federal
level encourages municipalities to review their land use regolaind make it less
stringent, the question is: does a more permissive land use regukduce the price

of formal housing price and decrease the growth of the informalrgasctor? This
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is the central question that this study will address by lookinghe case of the

metropolitan area in Curitiba.

The Metropolitan Area of Curitiba

The metropolitan area of Curitiba is located in the state drn@a in the south of
Brazil. It was originally created in 1974 with 14 municipaktibut its limits have

been expanded in the 1990s to include 26 municipalities. The current meampolit
area has 15.5 Kinborders the state of Sao Paulo to its north and the state af Sant
Catarina to its south, has a population of approximately 2.8 million (f9%e state
population, according to the 2000 census), and accounts for 41.5% of Parana’s

economy (COMEC 2006).

The metropolitan region is generally divided in three parts: Bardnd the first ring
- also known as the metropolitan urban agglomeration, the secondnihtheathird
ring. Figure 6 shows in yellow the urban agglomeration, in dark brbesfirst ring,
in medium brown the second ring and in beige the third ring of theopuditan area

of Curitiba.
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Source: IPARDES
Figure 6 - The Metropolitan Area of Curitiba

While the economic transformation of the southeast and especialBa@fPaulo
started in the 1950s, Parana’s major transformation started in the. IDi7@s
agriculture sector was transformed by the progressive expansmermezation,
diversification, and development of an agro-industry; and the indusector was
impacted by the introduction of modern metal mechanic industrieparasof the
process of spatial deconcentration from the metropolitan area é¢febdo (Nojima et

al. 2004).

As the metropolitan area of Sao Paulo, with its 15.4 million hakitan1991, was

becoming less attractive to new investments because of the eshaos$tits
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infrastructure capacity and decrease in quality of life, indassttwvere gradually
moving out to, among other areas, the state of Parana. In the 1990s, the
industrialization of the state of Parana gained momentum withttreetion of large
international companies, such as Renault (with investments of WS$®lllibn),
Volkswagen/Audi (US$750 million), and Chrysler (US$315 million). This esfm

was possible because of a period of economic stability in the caamtaywhole, a

state policy of fiscal incentives, strategic location advantagels as the proximity to

Sao Paulo and the port of Paranagua, and the state’s investment imn mode
infrastructure in energy, telecommunication, and transportation, anotimgys

(Nojima et al. 2004).

The expansion of the industrial base of the 1990s particularly behetihe
metropolitan area, where most new industrial investment and eapaosk place.
This was specially the case of Sao Jose dos Pinhais, whereultRamal
Volkswagen/Audi located, Campo Largo, where Chrysler located, Arajavhere a
major oil refinery was built in the previous decade, and the ¢iuitiba, where

many of the industries continue to concentrate in its industrial district.

Between 1970 and 2000, the metropolitan area increased significargtntribution
to the economy of Parana, raising its share in the state’sdAeideal Value (VAF)
from 17% in 1975 to 43% in 2000. Economic activity was concentrated mtyhef
Curitiba and the municipalities that form the first ring of thetropolitan area. That

area increased their share of the VAF from 16% in 1975 to 41% in 2000.
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It is important to note that the first ring grew at a muchhéigate than Curitiba,
increasing its share of the state’s VAF from 2% in 1975 to 219%000. These
numbers show an economic trend of industrial deconcentration fromb@uatithe

neighboring municipalities, while Curitiba is expanding its sera@cd commercial

sectors.
Table 1 - Share in the State of Parana's Added FiatValue 1975-2000
Area Percentage of Total Added Fiscal Value
1975 1980 1985 1989 1996 2000

Metropolitan Urban Agglomeration 15.57 31.91 27.54 35.31 38.37| 4112

Curitiba 13.47 15.76 15.62 23.21 25.67| 19.89

First Ring 2.09 16.14 11.92 12.10 12.70| 21.23
Second Ring 1.12 111 1.10 1.3 1.31 1.51
Third Ring 0.37 0.47 0.50 0.41 0.41 0.41
TOTAL Curitiba Metropolitan Area 17.06 33.48 29.1( 37.02 40.09  43.p4

Source: Nojima et al. 2004

The economic growth of the metropolitan area of Curitiba since the 1WW@8s
accompanied by a rapid growth of its population. Since the 1970s, thepoigan

area of Curitiba has been growing at a faster rate than mmetsbpolitan areas in
Brazil. Between 1970 and 1991 the population of the metropolitan area more tha
doubled in size, increasing from 869,837 to 2,003,015, respectively constituting
12.5% and 23.7% of the state of Parana’s population. In 2000, the regobwedea

2,768,394, which corresponds to 28.9% of Parana’s population.

While in the 1980s and 1990s most metropolitan areas in Brazil haghificsint
reduction in the rate of growth of their population, the metropolitaa aefe€uritiba
maintained one of the highest rates of growth in the period. Betweerah€71080,

the population in all metropolitan areas in Brazil grew at 3.9% diynwehile in
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Curitiba it grew at 5.4%. Between 1980 and 1991, the rate of growthlof al
metropolitan areas of Brazil was reduced to 1.9% a yeare whithe metropolitan
area of Curitiba the rate was reduced to 2.9%, increasing agamannual growth of

3.1% in the period between 1991 and 2000.

The majority of the population is still concentrated in the citgofitiba, where 1.5
million people or 57.3% of the population of the metropolitan area lived in Z0@0.
municipalities that form the first ring of the metropolitanaalad a total population

of 972,000 people or 35% of the population of the metropolitan in 2000.

Table 2 - Annual Rate of Population Growth in the Metropolitan Area of Curitiba 1970-2000

Area 1970-1980 1980-1991 1991-2000
Curitiba 5.21 2.27 2.13
First Ring 8.06 4.79 5. 44
Second Ring 2.05 3.30 2.60
Third Ring 0.58 0.54 0.80
TOTAL Metropolitan Area of Curitiba 5.4 2.91 3.14

Source: IPARDES 2005

The Informal Housing Sector

It is very hard to find a study that focuses on the characternzanbd evolution of the
informal housing sector in more than one municipality. Some municgslguch as
Curitiba, have made it a priority to collect data on the inforhwaising sector in
order to define housing policies, but each municipality has used diffpeziods,

definitions and methodologies, making comparison of the data difficult.
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A recent study of the evolution of the informal housing market inmb&opolitan
area of Curitiba conducted by the World Bank in 2004 attemptedl! tthiE gap
(Serra et al. 2005). The study used previous studies, the databasunicipalities
and public agencies, and the World Bank’s own data collection tanfgetniation
about clandestine and/or irregular land developmértegmentos and squatter
settlementsfavelag in 13 municipalities in the metropolitan area of Curitiba. The
World Bank study area includes Curitiba and the 11 municipalitiehenfitst
metropolitan ring that collectively form the metropolitan agglomeneof Curitiba as
was described above. In addition, the World Bank study also includes rilaeli a
municipality that used to be part of the first ring, until FazeRia Grande’s

emancipation in 1999.

According to the World Bank study, the area had a total of 896 iatohmusing
settlements with 100,121 households in 2004 - 13.3% of the total number of
households in the area. This number is much bigger than the estimtiesehsus,
using either the definition of subnormal agglomerations (a group of 5000 m
residences built with temporary materials - shacks - Idcatea settlement that
presents a disorganized pattern of occupation and lacks essential qaibices) or

irregular housing (houses where the occupant owns the title to the batusot

® Until 1990, Mandirituba was part of the first nagiplitan ring. However, in 1990, the north portion
of the municipality of Mandirituba, which bordersetcity of Curitiba, separated from Mandirituba and
the municipality of Fazenda Rio Grande was creadadt was included in the World Bank study, this

dissertation also includes Mandirituba as parhefdtudy area.
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land). According to the census, the area had 44,509 houses in subnormal
agglomerations in 2000 or 6.1% of the stock of houses, and 52,973 irregular houses in

2000 or 7.2% of the stock of houses.

The World Bank study found that 56.5% of informal housing igawelas while
43.5% are in irregular/clandestine subdivisions. It also found that iaform
settlements in the area are relatively small. The medzana$ian informal settlement
in Curitiba has 40 houses, while in Recife it has 250 houses. In Cu&iitio of
informal settlements are small, with less than 50 houses; 38 d%medium-size,
with 51 to 500 houses; and only 4.5% are large, with 501 houses or moréargehe
number of small settlements might explain in part the censwugrl number for
houses in subnormal agglomeration, since the census only considersesgglevith

more than 50 houses.

In terms of the period of formation of the informal settleménthe area, the World

Bank study found that the majority of them were formed in the 1980<l29@s.
According to the study, 72.1% of the informal settlements weraddrin the 1980s

and 1990s, 13.6% were formed before 1980, and 14.3% were formed since 2000.
Finally, the World Bank study found that the majority of informettlements were
located on public land. According to the study, 46.9% of informal settlesnveere
located on public land, 37.5% were located on private land, and 15.6% werel locate

on land with a mix of public and private ownership.
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The data confirms that informality is a problem in the metropolérea of Curitiba.
However, in comparison with other Brazilian cities, the sizehefihformal housing
sector in Curitiba is relatively small. The data also confiringt the census
underestimates the number of houses in the informal sector, somaithogsahave
found in other Brazilian cities. Because the methodology is thee sim all
municipalities it can be assumed that the underestimation is shthe order for all
localities, thus controlling for distortion of the results of the present skidally, the
data shows that informal settlements are relatively simahe metropolitan area of
Curitiba and might not be captured by the census measure of subnorma
agglomerations, which would favor the use of the other census medisnfermal
housing (houses where the occupant owns the house but doesn’'t haveoathile

land).

Source: World Bank
Figure 7 - Irregular Land Subdivision California, Araucaria
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Source: COHAB Curitiba
Figure 8 - Favelas Pantanal and Bela Vista, Curitia

Urban Planning in the Study Area

Municipal Legislation in the Study Area

The present study adopts the study area defined by the World Bessgéssment of
urban land markets in Curitiba. The study selected the metropotganlimited by
the commuting distance, defined as the distance in which a famiild look for
housing in the next ten years. It comprises thirteen municip4lidesers 2,082 kf

and has a population of 2.6 million (Serra et al. 2005).

" Almirante Tamandare, Araucaria, Campina Grand&up Campo Largo, Campo Magro, Colombo,

Fazenda Rio Grande, Pinhais, Piraquara, Quatr@8and Sao Jose dos Pinhais.
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Figure 9 - Municipalities and Study Area

The guiding instrument in urban development in municipalities is thengdaiv.
Prepared by municipal governments and approved by the municipahteggslit is
also known as the legislation for the use and occupation of land. ddisdation
guides the use of the territory (such as residential, industaaimercial, rural, and
environmentally protected) and the occupation (such as parametemsns af the
minimum area of a plot of land, the ratio between the build areahanpldt area -
also known as the floor-to-area ratio - and the maximum numbdoa®&). This
legislation is not static. It can be, and is, frequently modifie@xecutive decree or
municipal law to incorporate revisions to land use and occupation parartreteare

applied in specific areas of the territory.

39



Municipalities also have additional legislation that applies eititerthe whole
territory or to specific parts, and guides specific aspectgldn development that
include land subdivision, building codes, the vial system, and low iedooasing
provisions. After the approval of the City Statute in 2001, most munitgsali
approved master plan laws that guided the revision of related urpafatien. As
will be discussed later, all municipal legislation is subjedhe legislation approved

at the state and federal levels.

Of the 13 municipalities that are part of the study areah&ehtheir zoning laws
approved in the 1970s and 1980s, although these laws were not rigid and were
subjected to modifications throughout the period. Only three of them had zawsg
approved in the 1990s (Sao Jose dos Pinhais in 1992, Fazenda Rio Grande in 1995,

and Campo Magro in 1999).

After the approval of the City Statute in 2001, and the efforts of félderal
government to encourage municipalities to approve new master placsomiance
with the Constitutional mandate, eleven municipalities in the stuely approved
new zoning laws between 2000 and 2007 and two of them are in the fired sfag
revision. Because this research is using the zoning law thatefiective in 1999,

these new regulations didn’t affect this analysis.

As part of this study, the land use regulation of the munidgslincluded in the

study area was researched to find the parameters that iegeapelied in 1999. The
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Institute of Research and Urban Planning of Curitiba (IPPUC) laddning map
and all the laws and decrees that affected the zoning regultdr the city of
Curitiba. For the other municipalities, two major sources of in&tion were used:
the archives of planning departments of each municipality andrtihéves of the

coordinating agency for the metropolitan area of Curitiba (COMEC).

All municipalities in the study area have zoning laws, most ohttlating back to the
1970s and 1980s. Curitiba has the oldest zoning regulation dating from 1975
(Municipal Law 5,234/75). The main alteration to this zoning law wasnpo effect

in 1981, when Municipal Law 6,204/81 modified the land use regulation of the
industrial district. Apart from this modification, most changesthie land use
regulation between 1975 and 1999 were localized, so the 1975 zoning laor Wees f
most part applied for 25 years, until the city approved a new zoamgn 2000

(Municipal Law 9.800/2000).

The municipalities of Campo Largo, Colombo and Quatro Barras had zoning
regulations dating from the late 1970s. Campo Largo approved a zonutgticegin
1978 with Municipal Law 444/78 to which no major modification was approvatl unt

2007.

In Colombo, the zoning regulation was established in 1978 by MunicipaBR478.

The municipality approved changes to specific zones, but the maimgtara were

maintained until a new zoning law was approved in 2004.
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Quatro Barras approved a zoning regulation in 1979 with Municipal LA¥®0®Iost
modifications to the zoning regulation made after 1979 were lodaleféecting a
small proportion of the territory. In 2000 the municipality drafted a zewing
regulation, but as recently as when | collected my data, in November of BOG&wW

zoning law was being reviewed and had not been approved.

Almirante Tamandare, Araucaria, Campina Grande do Sul, Mandiriubhkais, and
Piraguara had zoning regulations approved in the early 1980s. Almirante
Tamandare’s zoning regulation was established in 1981 by Municipal5948d,
with some modifications adopted in 1996, with the approval of Municipal Law
430/96. A major change to the zoning regulation came about only witipfireval

of a new zoning law in 2006.

Araucaria’s zoning regulation was established in 1981 by Municipal £84/81,

with the incorporation of some additional zoning uses in 1996 by Municipal L
1,047/96. In 2006 the municipality prepared a new zoning regulation, but ientont
was put under revision and the until the time of data collection inNogeof 2007

the city was in a state of limbo, with no zoning regulation ireaff All land
development permit applications were being reviewed by the planning commission on

a case-by-case basis.

Campina Grande do Sul’'s zoning regulation was established in 198Qutigipal

Law 12/80, with some subsequent laws (12/93, 7/94, 3/96, 11/96, 18/96, 31/97, and
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2/98) modifying localized areas but maintaining the main parametérthe

regulation. A new zoning regulation was approved only in 2006.

Mandirituba’s zoning regulation was established in 1983 by Municipal 25/83.
Parameters of the zoning regulation were later altered in 199@uoycipal Law
58/95 and that is the law that was still in use during the timgat# collection in
2007, although the municipality was in the process of reviewing and pmgposew

zoning law.

Pinhais was a municipality created in 1992, from Piraquara. The munigipatipted
the zoning regulation approved in 1980 by the municipality of Piraquahabaiv

19/80, which established the zoning regulation for the district of Pinteaisr& laws
altered specific aspects of the zoning regulation, but the miagmmge only came in

2001, with the approval of a new zoning law.

Piraquara’s zoning regulation was established in 1980 by Municipal 12480. In
the following years, some municipal laws expanded the urban eregied new
zoning areas and changed some parameters of the zoning regulatianip&l Laws
33/81, 62/82, and 251/95) but the major change to the zoning regulationircame

2007, with the approval of a new zoning law.

There are three municipalities whose zoning laws were edtaldliin the 1990s:

Campo Magro, Fazenda Rio Grande, and Sao Jose dos Pinhais. Campo Magro is a
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municipality created in 1995 from the municipality of AlmiranteniEendare. In 1999,
Parana’s state legislature approved State Decree 1,611/99ngrdsdi Territorial
Planning Unit (UTP) of Campo Magro, which became the zoning reguléor the

municipality, and is currently in force.

Fazenda Rio Grande is a municipality created in 1990 from Mandiritisbaoning
regulation was established in 1995, with the approval of Municipal La8b70his
law left out the land use parameters, which were included by Nahi©ecree
107/95. Later, Decrees 143/96 and 216/1998 modified the parameters ofsonte z

areas but the major change came with the approval of a new zoning law in 2006.

Sao Jose dos Pinhais’ zoning regulation was established in 1992 byipduh&w
10/92. In 1996, Municipal Laws 03/96 and 101/96 established the IndustriatDistr
for Renault and changed some land use parameters in this distié®©7, Municipal
Law 01/97, 35/97, and 60/97 established the Industrial District for Aadlichanged
land use parameters in this district. These were the majoigebao the zoning

regulation until 2005, when a new zoning regulation was approved.
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Table 3 - Summary of Main Zoning Laws in the StudyArea

Municipality Main zoning law Year of New law Year of

effective in 1999 approval approved since approval
then?

Curitiba Municipal Law 5234 1975 Yes 2000

Colombo Municipal Law 32 1978 Yes 2004

Campo Largo Municipal Law 444 1978 Yes 2007

Quatro Barras Municipal Law 09 1979 No

Campina Grande do Sul  Municipal Law 12 1980 Yes 6200

Pinhais Piraquara Municipal 1980 Yes 2001
Law 19

Piraquara Municipal Law 12 1980 Yes 2007

Almirante Tamandare Municipal Law 59 1981 Yes 2006

Araucaria Municipal Law 584 1981 No

Mandirituba Municipal Law 25 1983 No

Sao Jose dos Pinhais Municipal Law 10 1992 Yes 2005

Fazenda Rio Grande Municipal Law 70 and 1995 Yes 2006
Municipal Decree 107

Campo Magro State Decree 1611 1999 No

State Legislation for the Metropolitan Area of Curitiba

A legal and institutional framework for the administration of metntgolregions
was first established with the Constitution of 1967, during the arnylitegime. As
explained before, that period was characterized by the ameafi integrated and
centralized planning institutions in all areas of government, and pofi the

territory was seen as a key element to induce social and economic development.

With the end of the military regime and the return to democr&ey nietropolitan
entities lost political and financial support and some disappeartenRy, some
states have renewed their interest in metropolitan plannimgciedly after the

approval in 2001 of the federal law on urban policy, the City Statute.

In the state of Parana, an institutional framework was enlest 1974 to manage

policies of the metropolitan region of Curitiba. COMEC - Coordinationthef
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Metropolitan Region of Curitiba, was created to plan and execuieigsofor the
metropolitan region. Two councils with representatives from the,staritiba, and
the other municipalities of the metropolitan region, were cretdeceview and

approve policies; and a state department was created to provide technical support.

This structure was active in the late 1970s and early 1980s iforitmellation of
integrated plans and the proposal of priorities in terms of transpartand
infrastructure investments. Following the national trend, COMEC russ$t of its

political support during the late 80s and early 90s and almost became extinct.

In the late 1990s, policies focusing on environmental sustainabilinedaolitical
support and the state of Parana approved a number of laws to imprierehed
management. With the new policy priorities, COMEC started todre ictive in the

revision of local zoning laws that affected areas protected by the new laws.

One of the main legislative efforts that affected watetsdreas in the metropolitan
area of Curitiba was State Law 12,248 of 1998, which created theat@egystem
for watershed management and protection in the metropolitan af@aribba. This
law proposed the creation of Territorial Planning Units (UTP) findgarameters
for land use and occupation in areas affecting watersheds. Mumiegphad to then

incorporate these new parameters to their zoning laws.
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UTPs had four different major zoning areas: (a) restricted otionpgb) guided
occupation, (c) consolidated occupation, and (d) rural. In consolidatas, the
parameters for land use and occupation were generally similanoge tin the
municipal zoning, with minimum plot size varying between 360 to 450 squeter's

and occupation ratio varying from 50 to 66%. In areas with guided occupation,
minimum plot size generally varied between 450 and 10,000 squares mdtide
occupation ratio generally varied between 20 and 50%. In restrastd rural areas,

minimum plot area was generally set at 20,000 square meters.

Since 1998, five UTPs were created and all of them affebtedhunicipalities in the
study area. UTP Pinhais was created by State Decrees 80®199466/2001 and
affected the municipality of Pinhais. UTP Guarituba was cdebte State Decrees
809/99 and 6,314/2006, and affected the municipalities of Piraquara. UTP l&sjui w
created by State Decrees 1,454/99 and affected the municipafitisaquara and
Sao Jose dos Pinhais. UTP Quatro Barras was created byp8taées 1,612/99 and
affected the municipality of Quatro Barras. UTP Campo Magas created by State

Decrees 1,611/99 and affected the municipality of Campo Magro.

Even before the creation of the system for watershed managanteptotection, the

state was active in passing legislation to preserve aretsvéra considered of

interest for their natural resources. These areas weredeti@ed by Federal Law
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9,985/2008 as conservation units. There are two major forms of conservation units
(a) sustainable use, in which a certain degree of use and doouggtermitted; and
(b) integral protection, in which there are restrictions forube or occupation of the

area.

The metropolitan area of Curitiba has seven conservation units wiggraht
protection and thirteen conservation units where sustainable use msttger
(COMEC 2006). In the study area, in 1999, there were only three vatisarunits
that were in effeét (a) Municipal Area of Environmental Protection (APA) of Iguacu
in the municipality of Curitiba created by Municipal Decrees 409981 and 192 of
2000; (b) Municipal APA of Pinhais in the municipality of Pinhaigated by
Municipal Decree 134 in 1994; and (c) APA of Passauna, created tey [(3taree
458 in 1991, affecting the municipalities of Almirante Tamandaraycaria, Campo
Largo, Campo Magro, and Curitiba. All three conservation units aradeved of
sustainable use, permitting some use, but possessing in geesraitive parameters
of occupation. For instance, in Araucaria the minimum plot araesveiom 1,800 to
20,000 square meters, while in Campo Magro it varies from 5,000 to 20,000 square

meters.

8 Federal Law 9,985/2000 created the National SysténNatural Conservation Units (SNUC)
responsible for establishing the criteria and regoih for the creation, implementation and

management of conservation units.

° There were other conservation units in the studg ¢hat were approved before 1999, but only three

had a zoning map and land use and occupation ptaesmefined by that year.
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Conclusion

This Chapter discussed the origins of informal housing in Braailwere associated
with a rapid urban growth attracted by the industrialization psoseshe southeast
and with an unequal distribution of income. Due to two reasons, two majos fufr

informal housing solutions developefhvelasin more centrally located land and
irregular or clandestiniteamentosn the periphery of cities. First, it was difficult
for cities to absorb the flows of migrants in an orderly patterd, second, low
salaries make formal housing unaffordable to most low and modarebene

households.

The centralized housing and urban policies during the military regiene not able

to address the problem. The production of public housing was not able to
accommodate the housing needs of low and moderate income fanmtethe
planning strategies made regulations more restrictive ancedntiite ability of local
governments to target programs to informal settlements. The Constitution of 1988 and
federal legislation addressing urban policy broke with past psliand recognized

the rights of people living in informal settlements. More powed eesources were
decentralized to local governments, informal settlements weseveall to receive
public investment in infrastructure, and more permissive urban remdatvere
approved in several municipalities. In this context, it is importarttave a better
understanding about whether more permissive regulations can makeghowse
affordable and whether a reduction in housing price can prevemjradkeh of the

informal housing sector and bring more people to the formal market.
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In the metropolitan area of Curitiba, the informal housing sectorddseloped as a
consequence of the rapid urban growth that followed the industrialdrarafon of
the economy, except that this development was experienced duriter gpdaod,
starting in the 1980s, and the size of the informal sector wadesrttedn in most
parts of the country. From an early period, the cities in the firg of the
metropolitan area started adopting zoning regulations that folldweeduidelines of
federal legislation. More restrictive regulations were addethbystate of Parana to
restrict occupation in areas affecting watersheds. In 2000, théadea long history
of established urban regulations and a growing demand for housing due to the
acceleration of the industrial decentralization from Sao Paulamong other places)
Curitiba. The informal housing sector was growing as consequenbgs girocess.
The combination of these trends made Curitiba a good study catbe fanalysis of

the effect of regulation on housing price and informality.
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Chapter 2: Literature Review

Land use regulation, housing price and informality has been studiedobgigtinct
bodies of literature. The first is the literature that h#ésngited to measure the cost
and, to a lesser extent, the benefits of urban regulation arftets @ housing price.
The second is the literature that has tried to understand theioperathe informal

housing market. Each is discussed below.

The Effect of Land Use Regulation on Housing Price

There are extensive writings on the effect of land use regmilan housing price in
developed countries. In the United States, Fischel (1990) is anaitiéeinreview of
empirical work on the subject, while Quigley and Rosenthal (280&)e of the most
recent. Literature focusing on developing countries is more diiffic find. Malpezzi
(1999) has a review that covers developed, developing and countriesangiidnal
economies, while Buckley and Kalarickal (2005) include the subjegqiadsof a

broader review of housing policies in developing countries.

The literature on the effect of land use regulation on housing prickeveloping
countries can be divided in two major groups: the ones that focus onificspty or
country, and the ones that focus on a comparison of countries.etlimnspresents a

summary of these approaches and discusses some of the wakglinland use
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regulation has been defined and measured. For a summary of therlteeview in

this section, see Appendix I.

City or Country Specific Studies

The studies that are focused on specific cities or countriesabntry to investigate
the cost and in some cases the benefits of a particular regutatset of regulations.
Trying to establish a typology of this literature is veryidifit, since there aren’t that
many studies and the ones that exist focus on a variety oatiemsl and employ a
variety of methods. Table 4 provides a summary of measures ahdds&mployed

in this literature.

Table 4 - Summary of Regulatory Measures and Methad

Method Regulatory Measure Scale Authors
Theoretical/Simulation|  Specific regulations or gktegulations: Floor- | City specific | Bertaud and Brueckner (2004);
to-Area ratio (FAR), Apartheid land use Bertaud, Buckley and Owens
restriction (2003); Brueckner (1996)
Description of Specific regulation or set of regulations: FAR, | Country and | Hereda et al (1997); Somekh
observed housing Special Area of Social Interest (AEIS), city specific | (1999); Bertaud (1996);
and/or land prices and government permission to land conversion from Hannah, Kim and Mills (1993)
land use patterns rural to urban
Cost-benefit analysis A set of regulations: FARcpatage of saleablg Country Bertaud and Malpezzi (2001);
area, approval time, building code requirements specific Malpezzi and Mayo (1997)
Regression analysis Level of restrictiveness (mriadtively enabling)] Cross Angel (2000); Mayo and
of regulatory environment country Sheppard (1996)
comparison

Regulatory measures can be very specific regulations, like-lihar Area Ratio
(FAR), which is determined by dividing the building’s total flooraakg the area of
the plot of land where the building is located. Alternatively,aibh e a specific
measure that is determined by a set of regulations, such perttentage of saleable
area (the area that can be sold after taking away amaiseck for public use such as

streets, public schools and parks); or the zone defined as SpecaloARocial
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Interest (AEIS, for its acronym in Portuguese), which is a xatteless restraining
regulatory requirements for the construction of affordable housingthe
regularization of informal settlements. In some cases, the stddigt focus on one
particular regulation or set of regulations, but in the whole regylanvironment
that applies to different aspects of housing development, such asrimataxation

and land use regulation.

The methods of analysis employed in this literature also vgnyfisiantly. Bertaud
and Malpezzi (2001) use a cost-benefit model to estimate theffeet ef several
land use and related regulations in Malaysia. Benefits arghlpuestimated
comparing current regulation to a baseline based on market coompaaisd
“international practice”. Their results show that under curregulation for low
income developments, only 44% of the land is saleable and FAR is onlyAS.28.
consequence, developers have a profitability that is 15% below thenbastla
middle income development. With suggested reduction in road width, eliomrat
back alleys and reduction of corner setback requirements salk@aa rises to 55%
and FAR rises to 0.41. These changes make profitability riseid #@mparison to

the baseline of a middle income development.

Studies that use a description of observed housing and/or land pricesndnasé
patterns include Hannah, Kim and Mills (1993), Bertaud (1996), Herealg(397),
and Somekh (1999). Hannah, Kim and Mills (1993) analyze housing pries aad

land use pattern and, in addition, conduct case studies of five Seoubpiaeat
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projects to estimate the effect of South Korea limitation on land conversiorrdral

to urban. Their results show that national housing price rose maraviice as fast

as the consumer price index between 1974 and 1980 and land price isrtivausa.

The share of land for residential use fell from 11.5% to 8.9% arderdsl land per
resident decreased 20% between 1973 and 1988 due to the under-allocation of
residential land. Land with infrastructure for residential uas 7 to 6.5 times more
expensive than raw rural land and the authors interpreted thisddfgience as a

disequilibrium effect due to government undersupply of conversion permission.

Bertaud (1996) also use a descriptive method to analyze the effeétRobn land
prices in Ahmadabad, India. It compares the density and land priceepnofil
Ahmadabad and in cities where land use density is less nestrairhe author
concludes that FAR restriction distorts land prices, and showsrthabst places
where land markets operate well, there is a correlation betdeesity and price

gradients, while in Ahmadabad there is a discrepancy.

Hereda et al (1997) analyze vacant land prices in Diademal, Breteveen 1992 and

1996, where more than 50% of vacant land was designated AEIS in 1993awhen
new master plan and zoning was approved. The study confirms the hypothesis that the
price of land in industrial areas increased, because of aagecire supply of vacant

land allocated for industrial use, while the price of vacant land edian density

zoning areas and in AEIS experienced a decrease in price. Ssmigr data,
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Somekh (1999) concludes that AEIS designation in Diadema led tor@ade in the

price of land.

Green, Malpezzi and Vandell (1994) use a literature review to uaddrsite effect
of urban regulation on the price of land and housing in Korea. On thandeside,
the review shows that Korea has a rising aggregate demand for hdusitg growth
in the urban population, household and income. On the supply side, studies found
housing to be price inelastic, explaining price rise with risgeimand. In addition to
geographical barriers, a main factor explaining inelastic sugiphousing is urban
regulation and policies affecting land development (limitation on lamyersion,
green belts, tax on intensive land use) and housing finance (cditraints to

housing finance).

Bertaud and Brueckner (2004) and Bertaud, Buckley and Owens (2003) use a
theoretical approach using the standard monocentric-city model to lshewrAR
restrictions affect land use; and a simulation analysis to pretanges if FAR
restriction was removed in Bangalore and Mumbai, India, respectivelhe
simulation analysis shows that removing FAR restrictions woulcdase population
density near the center of the city, reduce the edge oftthbyc2 km in the case of
Bangalore and 4 km in the case of Mumbai, and, as a result, redionreuting cost

for residents living at the edge. The commuting-cost saving is estimatedjéfram

3.3 to 5.0% of per capita income in the case of Bangalore, and 14% tagbeof
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Mumbai. The second study also shows that the cost imposed bydeRements is

regressive, imposing larger costs on low-income households.

Brueckner (1996) uses a theoretical model based on the urban model divslope
Alonso to assess the welfare net effect from removing apattredduse restrictions
in South Africa. Results show that with the removal of aparthaml use
restrictions, blacks compete for land close to the employmentrgcathgplacing
whites. Blacks have welfare gain because of decrease in comgnugst, while
whites suffer welfare loss because of longer commutes. Landeweagefit because
of an increase in total land rent due to greater competition. Bedhiss gain is
greater than whites’ losses, there is an aggregate revetfain from removing

apartheid land use restrictions.

Despite the differences in regulatory measures and methodalgéia employed, the
studies reviewed have common results. They all conclude that regslahat

restrain urban development increase land and housing price and imptsé¢habds
exceed their benefits. On the other hand, regulations that peeategrdegrees of

density for urban development, such as AEIS, reduce the price of land.

One of the limitations of these studies is that they don’t providstatistical
estimation of the effect of urban regulation on the price of housinignat. The
theoretical and simulation analysis remain hypothetical, in otbeds they have not

been empirically applied. That is not to say that their reauétsiot robust. Brueckner
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(1996) introduces various modifications to the basic model and stilltlygetsame
results, while Bertaud and Brueckner (2004) and Bertaud, Buckley ard<q2003)
use conservative assumptions when applying the theoretical noothed simulation
analysis of Bangalore and Mumbai. But these analyses ateditoy the fact that

they have not been empirically tested.

The limitation of cost-benefit analysis is that it takes gorand costs as given and
ignores general equilibrium effects. As argued by the auttlussanalysis is useful
to illustrate how actual and very specific regulations affestsc(and hence land and
housing price) on specific development projects (Bertaud and Malgé@ii 395).
However, to understand how land use regulation affects housing prcegitessary
to control for several demand and supply variables that are ignoreéuasitype of

analysis.

Studies that use a description of observed housing and/or land pricesndnalsé
patterns are even less specific about the effect of urbarategubn housing price
and their results are subject to interpretation. Hannah, Kim altsl (#993) present
data that “suggest” that a substantial part of the increase imgqusie is due to the
government’s tendency to under allocate land to urban residential useauthors
acknowledge that the conclusion that large differences betwesnand urban land
prices are a result of disequilibrium is a matter of judgmené Jame can be said
about Bertaud’s (1993) conclusion that FAR restriction distorts landghbased on

the observed discrepancy between density and price gradiedtsnadabad. In the
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case of Hereda et. al. (1997) and Somekh (1999), the studies don’t ontrtier
factors that affect the price of land, such as neighborhood ch&tcseand distance

to the central area.

Comparative Studies

The literature on the effect of land use regulation on housing prickeveloping
countries that focus on a comparison of countries, tries to understamdthe
stringency of the regulatory environment of different countriescaftheir housing
markets. In contrast with city or country specific studies, coniparatudies use
statistical analyses to estimate the effect of differegulatory environments on the
housing market. Also, the comparative studies focus less on aufsrtiegulation or
set of regulations. Instead, they assess the regulatory enviroamanwhole to draw

conclusions about its effect on the housing market.

Mayo and Sheppard (1996) use ordinary least squares and autoregreasive |
squares to find price elasticity of supply for housing in Korea, \#&a and
Thailand, to test a previously developed theoretical model which gethat
regulatory constraint will reduce price elasticity of housimgpsy, which in turn may
contribute to excessively wide swings in housing prices. The audisosuse a
recursive model to estimate the change in price over timeedBas a literature
review, they qualify South Korea as the most restrictivauleggry environment;
Thailand, as the least; and Malaysia as intermediate. fdwilts show that Malaysia

and Korea had low elasticities of supply, while Thailand had highiatas The
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recursive model showed that although Korea and Thailand were riglatiable over
time, Malaysia had high elasticity in the years immetyiatter the adoption of more

restrictive planning system, but over time supply became less elastic.

Malpezzi and Mayo (1997) use a cost-benefit model using presert &ablysis as
did Bertaud and Malpezzi (2001), to asses the effect of regulatidialaysia, and a
model similar to Mayo and Sheppard’s (1996) to compare the ekasticsupply of
Malaysia, Korea, Thailand and the United States. The first model estithatesst of
percentage of saleable area, approval time, building code requisenmeamd
regulation encouraging sales to special ethnic groups. The cositbanalfysis
indicates that regulations add about $4,000 (Malaysian) to the developst.'sThe
cross-country comparison indicates that Malaysia and Korea halastic housing

supply curves and Thailand has an elastic curve, similar to the United States.

Angel’s (2000) book tests whether an enabling housing policy envirofthters a
positive effect on the performance of the housing sector, usiagjitajive and

guantitative analyses of housing markets and policies around the Gloleeasure

19 Angel defines an enabling housing policy environtas one that meets each of five criteria:
adjudication of property rights in land and housidgvelopment and regulation of housing finance
institutions, administration of housing subsidiegrovision and maintenance of residential
infrastructure, and regulation of land and housileyelopment. The author quantifies any given
housing policy regime along one of its five compatse and arrives at a composite measure of the

degree of enabling of the housing policy regima asole - the Enabling Index.
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the regulatory environment for urban development, the author developguéatry
Regime Index, a composite measure of three variables: petebeg, minimum lot
size, and minimum floor area per dwelling. The regulatory indemtégrated with
indexes that measure other elements of the housing policy enviroifpnepéerty
rights regime index, housing finance regime index, housing subsidy, irahek
residential infrastructure index) and an ordinary least squag®ssion analysis
estimates the effect of this broad index (the enabling index)hmusing price index,
a rent price index, and a weighted housing price index. His rebiohs that a more
enabling housing policy environment significantly lowers the housing pmigex in
the 45 countries studied. The same applies to the housing rent index areigihied

housing price index in the 38 countries that have little or no rent control.

The comparative studies arrive at similar results observed irityheand country
specific studies: a more restrictive regulatory environmethiaes price elasticity of
housing supply (which may contribute to excessively wide swings isifgyrices)

and increases housing costs. On the other hand, a more “enabling"tasgula
environment, in conjunction with other “enabling” housing policies, lowers housing

price and rent.

One of the main shortcomings of these studies is the level of ajgregatheir data
and of their measures of urban regulation. In Mayo and Sheppard (19963dkeren
of regulatory restrictiveness compares a variety of poligdesh as Korea’'s

centralized planning system of limiting land conversion from rtwalrban, and
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limiting growth through greenbelts; Thailand’s centralized planniggtesn of
guiding rather than controlling development; and Malaysia’'s nedegentralized
planning system. In addition, their model is subject to the saitngsen that was
addressed to similar models developed earlier, such as the pgssibdggregation
bias because of the use of national data; the small size shthple, which varies
between 14 and 16 annual observations; and the model specification. ¥ggtro

the last point, Olsen (1987) criticized reduced-form equations wherdéohg-run
supply price is the dependent variable and output quantity and input preees a
included on the right hand side. He argued that the function should haveiiggst

and the parameters of the production function or output quantity, but not both.

Malpezzi and Mayo’s (1997) cost-benefit model based on Bertaud and Zlialpe
(2001) is subject to the shortcoming of ignoring general equilibritects while the
comparison of supply elasticity based on Mayo and Sheppard (1996) has the

shortcomings discussed in the previous paragraph.

Angel's (2000) book is such an ambitious study that it is not surprisingtthas
shortcomings, especially with respect to the limitation on datéh in many cases
limits the accuracy of the indices. One limitation is thethecountry is assessed
based on the information of a single metropolitan area. Another prabkbm lack of
data even on these single metropolitan areas. For the constroiction regulatory
regime index, there were several variables for which datanstaavailable, such as

the actual percentage of land unavailable to growth. As a rdsellindex has a very

61



limited set of indicators. For the construction of housing pricerantlindexes, the
author had to apply a crude method for controlling for housing qualityelAng
normalized housing and rent price using a construction quality indexedohn
metropolitan area, which is defined as an equally weighted suhred indicators:
permanent structures, quality attributes (the presence of advibates such as piped
water and electricity in the median-priced houses) and ammedlan household
income. Finally, the regression analysis aggregates not only aualeggregated
measure of the regulatory environment for urban development, but allasihects
that affect the production and consumption of housing, making it verytbaskess
the extent to which regulation itself is affecting the po€éousing in each of these

metropolitan areas.

As the review of this body of literature has shown, both aig country specific
studies, and comparative studies, have results pointing in the samal gineetion:
restrictive land use regulation increases housing price and impudegosts.
However, this literature is subject to major shortcomings thatcafféct the results
obtained by these studies. First, several studies suffer frompdhksibility of
aggregation bias for housing price and urban regulation measuresd Sexsmarch
tends to use methodologies that fail to control for other factorsatfeat the price of
housing. Third, most studies don’t provide a statistical estimatiaineoeffect of
specific land use regulations on the price of housing or land. ¥irall of these

studies ignore the possibility of spatial autocorrelation of housing price.
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The Informal Housing Market

Traditionally, the literature on informal housing markets has focosethe social,
political, and technical dimensions of the informal housing sector.iRgc@ew
research has tried to understand the economic dimension of the infososhg
market. This section presents a summary of these approachtéseamays in which
they have explained the causes of informality and its relatiprishirban regulation

and housing prices.

Social, Political and Technical Dimensions

The research that emphasizes soeial dimensiorof the informal housing market
tends to focus on the internal structure and operation of the infoeutdrs For
example, De Souza (2002) uses five case studies of squattemeetien Recife,
Brazil to understand the relationship between perception of secucgtyhausing
consolidation. Pamuk (2000) interviews an informal credit institution ghawides
credit for land and infrastructure in Trinidad and Tobago to understandnfiormal
institutional arrangements are utilized by squatting commurtibiesolve their land
problems. This approach to the study of informal housing marketapsriant to
understanding the way in which it operates. However, because #renoetnts of
informality are a secondary concern of this literature, it previdaited insight in
responding to the question of how informality relates to land usdatezn and

housing price.
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Authors such as Gilbert (1990), Maricato (1996) and Smolka (2003) arefpgad
research group that have emphasizedthigical dimensionof the informal housing
market, focusing on the relationship between informal and formal housankets
and its structural causes. Gilbert (1990) focuses on the costs ragfatef informal
self-helg! housing in Latin America. Gilbert challenges the view thiirmality can
be explained by capitalist international division of labor. Instdaesl,author argues
that local factors such as the dominant economic, political and doot&ls in a

particular society will determine the extent and pattern of irregular Lgylys

Maricato (1996) focuses on the relationship between informality, inéyueid
violence in Brazilian cities. Using a Marxist theoreticanfiework and based on
secondary data analysis, informality is described as atresulhe process of
“exclusionary modernization” that has characterized capitahsBrazil and the main
factors contributing to the informal production of housing as: (i) Wages, (ii) the
concentration of land rent by the private property rights regfimethe cost of the
urban regulatory regime, and (iv) the use of public investment fayaniustrial

accumulation and infrastructure.

Smolka (2003) focuses on the interdependence of formal and informal ariin |
markets in Latin America. Using secondary data analysisauki®or argues that in

addition to the high price of serviced land, other factors that exfiai extent and

1 Self-help housing refers to houses built over thyehe occupant of a plot of land located eitinea i

favelaor in an irregular or clandestine subdivisitwtéament{.
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persistence of informal land markets on the supply side areathkeof sufficient
social housing programs, inadequate public investment in infrastructughk, hi
profitability of informal developers, and “elitist” urban regulatio® the demand
side, Smolka identifies as factors that lead to housing infogmédiv income, lack
of finance, and a strategy of capital accumulation developed by thetg@ootect

themselves against high inflation.

The interpretation of urban regulation varies across thetlitera At times it is seen
as an imported or elitist concept that clashes with locahkpractices (Gilbert 1990
and Smolka 2003), while in other instances it is seen as an instruhetdss

domination (Maricato 1996). The emphasis on the causes of informadyvaly

between Gilbert and Maricato; the former emphasizes local tcomsli while the
latter emphasizes the contradictions of capital accumulation. wéwwall authors
seem to support a conceptual framework in which informality is atomé of the

adoption of urban regulations that leads, in turn, to the increase in housing prices.

Finally, a third group of researchers, best represented by D€Z0@0), emphasizes
the technical dimension of the informal housing market, focusing orotbeof the
legal and planning apparatus in the development of informal housing méebieets
Soto attempts to explain why capitalism has worked in thet Ares has failed in all
developing and former communist countries. Using secondary datgsiandhe
author argues the legal framework is the only factor that exptlaenpresence of the

informal housing sector and the lack of development in the third worldr&prio
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the view that informality is structural in peripheral capitatiscieties and can’t be
completely removed, the technical approach believes that infornealitydisappear
when the legal apparatus is reformed. It is important to noteéhatal authors have
challenged the notion that changing the legal framework and regudaproperties

would end informality and increase wealth.

Although in most of the studies reviewed here, land use regulatfoansd to be one
of the factors that could explain the presence of an informal housirigtnthere are
very few studies that have attempted to identify and quantify speeifically how
land use regulations are contributing to raise housing price and pusimdome
families to the informal housing market. This shortcoming has bedressed by
recent studies that have tried to bring an economic dimension touthe it the

informal housing market.

The Economic Dimension

Some recent studies have incorporated an economic dimension taidiieostthe
informal housing market. Abramo (2003) discusses the relationship lbetihee
poor’s residential mobility and the operation of the informal housiagket in slums
in Rio de Janeiro, Brazil. The author argues that housing pricgans are high in
comparison with formal housing prices because the informal housirkghiasiums
is relatively inelastic. According to Abramo, this is also the result offamial labor
market that is unable to access the formal housing marketideecd its informal

labor status.
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Biderman (2008) studied the effect of the adoption of cost-increasggations in
municipalities in Brazil between 1991 and 2000 and found that citiesatiogtted
regulations had an increase in the quantity of informal housing. Heuded that
there is a substitution effect between formal and informal houdihg would
challenge Abramo’s theory that the formal and informal housingketsa don'’t
compete and the prices of the formal housing market does not &iesize of the

informal housing market.

Another author that assumes a substitution effect between fanahlinformal
housing markets is Lall et al. (2006). The authors examine theéseffeland use and
zoning regulations on housing supply and slum formation across Brazlias c
between 1980 and 2000. They find very inelastic housing supply in tuweli&n
formal housing market, which limits formal housing supply adjustmientssponse
to demand increases, and therefore increases slum formatiompined Brazilian
formal housing supply elasticity is similar to those in Malayand South Korea,

which have been regarded to have restrictive regulatory environments.

Lall et al. (2006) also find that land use regulations that managsitets — in
particular, minimum lot size regulations, have important effecterms of housing
supply and slum formation. Contrary to conventional wisdom and to the findfngs
Biderman (2008), their research shows that lowering minimum lotesgedations do
not lead to a reduction in slum formation. They argue that if sommes offer

improved access to land compared to their peers, these citiesikalse to
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disproportionately attract (poor) migrants. If the induced population greatrgher
than formal housing supply adjustment, informality is likely to grdwe authors
note that these results should not be viewed as a failure dfléezoning to reduce
slum formation. Rather, the focus should be on identifying pre-exidigtgrtions in

the land and housing market that reduce the formal housing supply response

additional demand.

Feler and Henderson (2008) examine 447 localities in 123 urban ardsail
between 1980 and 2000 to understand the relationship between the provision of
infrastructure, such as water and sewage access, and the gfeiims. The authors

find evidence that localities limit the availability of infrastture services in slums to
reduce their growth. Although this study doesn't strictly arelffze relationship
between urban regulation and the informal housing sector, it cltatsurban
development policies can affect the size of the informal housirigrsét this case

with an exclusionary policy to limit the size of slums in their localities

This is similar to what Lall et al. (2006) argue in their pap@cording to them, in
the long run, urban regulation serves as newcomer taxes for potemgiants,
reducing migration and slum growth as a consequence. In they, shay argued
that more flexible regulations ended up attracting more migrants that might
explain the increase in slums in municipalities that adopted tesHictive

regulations.
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Brueckner and Selod (2008) propose a new theoretical model in whichess)w@aid
formal residents are part of a single market competing fwt Vethin a city. On one
side, the authors propose a simplified demand function for the consumptemdof
by the formal market. One of the innovations of the paper is to @@weeldemand
function for the consumption of land by squatters based on the cost todrgwehich
is a function of defensive expenditures per household (bribes paid taiposti cost
of political organizing, or payments to security), the size osthwatter group, and an
institutional parameter measuring the difficulty of propertysgenforcement in the
economy. The model portrays squatters as “squeezing” the fommagket by
occupying land that could be developed for formal use, raisiagotite paid by
formal residents. The squatter organizer, however, ensuresithattieezing is not
too severe, since otherwise the formal price will rise tovel lat invites eviction by

landowners.

From the review of the literature on the informal housing market clear that there

are several areas still open to debate. Most studies assisubsttution effect
between the formal and informal housing markets, although authors séAtinaaso
guestion it. Most studies either model the relationship between teguland
informality (Biderman 2008, Feler and Henderson 2008, Lall et al. 200@heor
relationship between formal housing price and informality (Brueckner $elod
2008, Abramo 2003), but few incorporate all elements into the same model. And none
of these studies take into consideration the possibility of spaitalcorrelation of

formal housing price.
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Chapter 3. Methodology

Research Question

This study tries to understand the relationship between housing i use
regulation and informality by addressing three related questidh¥oes a stricter
regulatory environment increase formal housing price? (2) Doercagase in the
price of formal housing lead more people to find a housing alternatie informal
sector? (3) Does an increase in the price of housing in one geagaapailead more
people to find a housing solution in the informal sector in a neighboriogyaehic

area?

Three hypotheses will be tested to answer these questions. Thedsypainderlying
the first question is that holding structural, neighborhood and locatioaatbastics
of the housing unit constant with a hedonic price model, a more testriand use

regulation increases housing price in the formal housing market.

The hypothesis underlying the second question is that informal housiag is

imperfect substitute for formal housing, so that an increasermal housing price

causes the quantity demanded of informal housing to increase.

The hypothesis behind the third question is that there is a spédieddtion, so that

the rise in housing price in one area will lead low income househwlid®k for a
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housing solution in the informal market not only in that area, but alseighboring
areas. The spillover effect of housing price adopted in one gdugrarea on
neighboring areas will be assessed and tested by incorposgiataally lagged
variables of housing price in to the regression analysis. Udgaration is treated as
endogenous, therefore a model for the determinants of urban regulation is

incorporated in this analysis.

Empirical Model

This study uses a simultaneous equation model with three equatiotige first

equation,Ps = f1(S, N, L, R whereP; is formal housing price$ is a measure of
structural characteristics of the housing umit,is a measure of neighborhood
characteristicsl. is a measure of location within the market, & a measure of

urban regulation.

Formal housing priceR) is measured by the median assessed value of a housing unit
in each neighborhood, according to municipal property tax cadastrestiugl
characteristicsS) are measured by the median area of houses in each neighborhood
in square meters, according to municipal property tax cadastre$ by the
percentage of properties that are built with permanent miatamighe neighborhood
according to the census. Neighborhood characteristiiysafe measured by the
percentage of houses with access to water, sewage, elg@ndipaved streets in the
neighborhood according to the census. Distance from the downtown areaititifaC

in kilometers is used as a measure for locatign There are six measures of urban
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regulation R): Minimum Plot Area (square meter), Maximum Number of Flpors
Minimum Front Setback (meter), Minimum Frontage (meter), Oataop Ratio (the
ratio between the projected built area and the plot area), FlooregRRatio (the ratio

between the total built area and the plot area).

Regulation is treated as endogenous, by adopting a regressionstRat hél, D, 2),
wherel is a measure of income using as a proxy the percentage ot peitipl15
years of education or morB;is a measure of demographic characteristics measured
by the size of the population; adds a measure of political climate measured by the
percentage of owner-occupied houses. Ideally, this data should beecbliec the

year immediately before the regulations were approved.

The third regression models the determinants of informal housing quesitit the
function: Q, = f3(P;, N, L, I, D, whereQ; is the quantity of informal houseB; is
formal housing pricelN is a measure of neighborhood characteristids,a measure
of location within the market] is income andD is a measure of demographic
characteristics measured by the size of the population, annaahpege change in
population, number of people married and percentage of families hepdadcks

and pardo¥.

2 The Brazilian Institute of Geography and StatistftBGE) defines pardos as a multiracial group
with at least one of their race being black. Fatistical purposes, pardos are considered blacks in

government policies.
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The final simultaneous equations model has the following equations:

Regulation R), Formal Housing Price), and Quantity of Informal Housin@() are
endogenous variables. Incomg, @emographic characteristidd)( political climate
(2), structural characteristics of the housing uSt feighborhood characteristics

(N), and location I{) are exogenous variables; is used for parameters on

endogenous variables, whilgs used for parameters on exogenous variables.

The regressions are initially run separately to chedkeifdata yields expected results
and to adjust the model specification to its best functional féfter deciding on the
final specification for each equation, a three-state least sgegression is used to

run the simultaneous equation model.

In order to test for spatial autocorrelation for the priceooinll housing, Moran’s |
test is used. The value of the Moran’s | test is similar twraelation coefficient,
varying between -1 and 1. It measures the correlation betwemalfoousing price

and the spatial lagged variable of formal housing price. When autlatmmes high,
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the coefficient is correspondingly high so that a high I-value @&égca high spatial
correlation. A high spatial correlation means that neighborhoods wgth formal
housing price are surrounded by neighborhoods with high formal housingoprice
inversely, neighborhoods with low formal housing price are surrounded by
neighborhoods with low formal housing price. Outliers are those |l@saliith high
prices located surrounded by areas with low prices and vice-Viefeaence for
Moran’s | is based on a random permutation procedure, which rettakuhe
statistics many times to generate a reference distib@nd a pseudo significance

level.

In this study, Moran’s | test is applied using five spatiaight matrices: one
distance-based and four contiguity-based using rook contiguity akpagight
matrices of first to fourth order. As the spatial autocotimiais detected in
continuous or contiguity-based variables, spatial lagged variables foalfbiousing
price are created and used in the third equation to correptdbkem. The variables

are added as explanatory variables in the equations to capture the sgatial pa

Data

The units of observation are 108 geographic zones in 13 municipalities that are part of
the metropolitan area of Curitiba, Brazil. Seventy five geographic zonesdm®with
the 75 official neighborhoods in the city of Curitiba and the other 38rgphic

zones are located in the twelve municipalities around the city of Curitiba.
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Formal Housing Price Measure

For the measure of formal housing pri€g,(the median assessed value of residential
properties for the year 2000 was used. The assessed price fcomedke cadastres
created by municipalities for property tax purposes. In the oauritiba, Campo
Largo, Pinhais, Piraquara, Quatro Barras, and Sao Jose dos Pihbkaishdle
cadastre of residential properties in each geographic zonasegddo get the median
value. In the other municipalities, a sample of 100 residential wissused to get
the median value. In eight of the 108 geographic zones there weréhées 100
residential properties to calculate the median value. In@oritant to note that it
wasn’t possible to separate different housing markets, theréfenmédian assessed
value included all residential properties, from single family hotsegpartments in

multifamily buildings.

One anomaly of the data is that some municipalities didn’'t havecalastre
information for 2000. For those municipalities the assessed value cliogest year,
2001, was used. That is the case of Almirante Tamandare, CampimdeGia Sul,

Fazenda Rio Grande, Mandirituba, and Piraquara.

It is also worth noting that the municipal assessed value e$idential unit doesn’t
necessarily correspond to the market value of properties. The exbsesise is
normally below market price and there are additional distortions.thigase aren’t
many alternatives to get formal housing price in Brazil in ggnand in the Curitiba

region in particular. SECOVI, a private organization that represesak estate
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companies, collects data on residential properties for sale. ®hkepr with this data

is that it doesn’t cover the whole study area, it reports theggkice and not the
sale price, and it is based on newspaper ads, therefore prepbdt have ads in
multiple months and/or years, could be reported several times anchitjetydistort
the median house price in a neighborhood. There is a 61% correlatiogehetue
median assessed value collected from municipal cadastres ardVB&@nedian
housing price in 68 units of observation. This shows that, although we woigd pre
data to be more convergent that this, it is positive that the latore is above

average.

Urban Regulation Measure

For the measure of urban regulatidt), (data was collected on the following zoning
requirements as applied in the year of 1999: Minimum Plot Argaa(e meter),
Maximum Number of Floors, Minimum Front Setback (meter), Minimuontage
(meter), Occupation Ratio (the ratio between the projected bedt and the plot
area), and Floor-to-Area Ratio (the ratio between the total e and the plot
area). In each of the 108 geographic zones there was genevadlytan one zoning
regulation, each of them with different zoning requirements. A methogolas

created to determine a “median density zoning” in each geographic zone.

The methodology included the following steps. First, each municifsaldgning
regulation (zoning law and map) that was effective in 1999 wasctadleSecond, in

each geographic zone, all the zonings that were effective andatkairof coverage
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were listed. For example, in Campina Grande do Sul, one of the geographic zones had
five different zonings (residential type 2 zone covering 50% of tkea, aspecial
control zone covering 25% of the area, rural zone covering 10% airéae green

zone covering 7.5% of the area, and industrial zone covering 7.5% of the area).

Then, each zoning where residential use was permitted, wagirinke the highest
permitted density of occupation, to the lowest permitted densibgaipation, using
the following criteria: a) the one with the smallest minimplot area for residential
zoning was ranked with the highest density; b) when two resideot@hgs had the
same minimum plot area, the one with the larger maximum numbiooos was
ranked higher; c) when (a) and (b) were the same, the one vgésidfloor-to-Area
Ratio was ranked higher; d) when all other factors were the,samone with largest
occupation ratio was ranked higher; e) when all other facters the same, the one
with smallest minimum frontage was ranked higher; f) wheothBr factors were the

same, the one with smallest minimum front setback was ranked higher.

Finally, to get the median density zoning in the geographic zoneorlhgs where
residential use was permitted were listed, from the highestityldnsthe lowest
density, using the criteria discussed above. The zoning that was atedian point,
where 50% of the territory where residential use was pednites at those zoning
parameters in terms of density or below, was the zoning sglddte requirements in

terms of Minimum Plot Area, Maximum Number of Floors, MinimumrEr8etback,
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Minimum Frontage, Occupation Ratio, and Floor-to-Area Ratio of theametnsity

zoning were adopted for that geographic zone.

It is important to note that not all zonings have requirementsliféhe categories of
interest. Therefore, not all 108 geographic zones have valid units alvatise for

all zoning requirements. For instance, occupation ratio has 104 unibservation,
minimum font setback has 101, minimum frontage has 83, maximum number of
floors has 82, and Floor-to-Area ratio has only 39. Minimum plot ad¢he only

regulatory variable that is observed in all 108 geographic zones.

It was mentioned before that the model of the determinants of urban regutetite s
ideally get data from the period immediately before the appmiviie regulations.
Most regulations in the study area were approved in 1980, so the datsus 1980
would provide the best source of data. Unfortunately, the census ddt@8forwas
not readily available, so the data for 1991 was used instead. loadthie income
measure couldn’t be obtained for 1991, so the percentage of adults wigdars5of
education or more was used as a proxy for income. In 2000, the dorrelat
coefficient between median income and percentage of adults with ds pé

education or more was 0.93.

Quantity of Informal Housing Measure

For the measure of quantity of informal hous@g,(the 2000 census data on houses

where the occupant owns the house but doesn’t have title to thevéendsed. As
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discussed in Biderman (2008), there are three proxies for study of informaidous
Brazil. The first is the census data on subnormal agglomeratiomsediefs a group
of 50 or more residences built with temporary materials (shatdsated in a
settlement that presents a disorganized pattern of occupation csd dssential
public services. Squatter settlements will most likely be cagtby these measures,

but irregular land developments will most likely be left out.

A second proxy is a measure of houses that lack public servicesasselwage and
water connection. The problem with this measure is that it leauésa great
proportion of houses that are informal but have access to public sehecasise of
extensive neighborhood upgrading policies and programs carried ouhevaadt 20

years in Brazil to improve housing conditions in informal neighborhoods.

We are left with the measure of houses where the occupant owhsubke but not
title to the land. This measure captures not only houses in sggeitiements, but it
also captures houses that are built in irregular land developmdrdss Wouses are
not shacks, the street pattern is organized, and there might bes aocpsablic

services, but the land was developed and purchased informally. Ome mioblems

associated with this measure is that it didn’'t exist in theswe® of the 1970s and
1980s, so it cannot be used in time series analysis. Becauserbisthe case of this

study, this measure was chosen for the quantity of informal housing.
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Other Variables

The census provided the following data: population size in 1991 and 2000; and
annual rate of population growth between 1991 and 2000; the number of adults with
more than 15 years of education in 1991 and 2000; the number of marrieescoupl
2000; the number of black and pardo (mixed black) head of households in 2000;
median income per household in 2000; total number of housing units in 1991 and
2000; number of housing units with permanent structures, with accessatéo,
sanitation, electricity and paved roads in 1991 and 2000; and number of owner
occupied housing units in 1991 and 2000. Table 5 presents the descradistest

of the variables of interest.
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Table 5 - Descriptive Statistics

N Minimum  Maximum Mean Desit:fion
Floor space (m2) 108 32 256  116.2958 51.59986
Median Formal Housing Price 2000 (R$) 108 2640 120600 33990.1 26767.49
Median Housing Property Tax 2000 (R$) 108 15.99 762  145.8325 132.3974
Minimum Plot Area (m2) 108 330 20000 3562.87 6142.691
Maximum Number of Floors 82 1 6 2512195 1.298089
Minimum Front Setback (m) 101 5 20 7.623762 4.449385
Minimum Frontage (m) 83 11 50 16.3494 9.45778
Occupation Ratio 104 .05 1 4200962 .198007
Floor-to-Area Ratio (FAR) 39 0.1 5 1.090769 .9500205
Size of the Population in 1991 (1,000) 108 .188 114.474  17.37731 21.24102
Size of the Population in 2000 (1,000) 108 .236 167.583 23.29299 29.85801
Annual Percentage Change in Population 1991-2000 108 -2.291009 22.9655 3.572775 4.739449
Housing Units 2000 108 62 46632 6796.407 8308.842
Percentage of Houses w/ Permanent Structure 2000 108  45.06509 100 97.30379 6.045175
Percentage of Houses w/ Sewage Connection 2000 108 0 100 58.18325 32.95237
Percentage of Houses w/ Water Connection 2000 108  20.25745 100 89.92819 14.52602
Percentage of Houses w/ Electricity 2000 108 44.8284 100 97.00058 6.096412
Percentage of Houses w/ Paved Streets 2000 108 3707018 98.94434 65.87176 32.24868
Subnormal Housing 2000 108 0 8449 4121204 1215.855
Informal Housing 2000 108 0 5272 490.5 823.7264
Household Median Income 2000 (R$) 108 300 5000 1170.093 892.8065
Number of People Married 2000 108 88 55177 7961.111 10036.29
Percentage of Households headed by blacks/pardds 20 108 0 38.32921 15.26654 8.99392
Percentage of Population25 yrs old 2000 108 30.48162 58.23051 45.49307 7.29431
Percentage of Population >235 yrs old 2000 108 8.898305 24.78834 17.3212  2.263549
Percentage of Population >355 yrs old 2000 108 9.736594 19.78824 14.79949 1.652016
Percentage of Population >4%5 yrs old 2000 108 4.867341 16.01698 10.35258 2.479167
Percentage of adults w/ 15 years of education oerfk®91) 108 0 39.92 9.725278 11.41994
Percentage of adults w/ 15 years of education oer(8000) 108 0  47.79902 12.94266 14.05942
Percentage of owner- occupied houses (1991) 108 0 83.17 60.98852 13.11989
Percentage of owner- occupied houses (2000) 108 37.5858 95.49746  75.43442 8.02515
Geographic Zone Area (000,000 m2) 108 .88 123.56 17.31491 25.57012
Distance from Curitiba’s Downtown Area (km) 108 0 38.215 10.65847 7.991698
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Chapter 4: Spatial Data Analysis

Before moving into the results section, a spatial analysihefmain variables of
interest is presented in two parts: the first presents anseay the data using

guantile maps and the second presents the spatial autocorrelation analysis.

Figure 10 shows the study area. As explained before, there ared®&phic zones
in 13 municipalities that are part of the metropolitan are€uwitiba. Seventy five
geographic zones coincide with the 75 official neighborhoods in theti@uritiba

and the other 33 geographic zones are located in the twelve palities around

Curitiba.

Figure 10 - Study Area

82



Quantile maps

Figure 11 shows a classification of the zones by quantile in terms of thamimuse
price. The map shows that one third of the zones with the highesimigalsing
price are predominately located in the center, within a 5 km raahosnd the
downtown area of Curitiba. One third of the zones with the lowediaméousing
price are located in the periphery. The other third are located pireaitly in the

middle, in a ring that stretches 5 to 15 km from the downtown area of Curitiba.

Figure 11 - Quantile Map with Median Formal HousingPrice R$ (2000)

Figure 12 shows a classification of the zones by quantile instefnthe median
household income. This map confirms the pattern of Brazilian urban develbpme
The map shows that one third of the zones with the highest median irameme
predominately located in the center, while one third of the zonts the lowest

median income are located in the outskirts of the urban area.
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Figure 12 - Quantile Map with Median Household Monhly Income R$ (2000)

Figure 13 shows a classification of the zones by quantilesnistef the percentage
of informal houses. For the most part, informal houses have been ket atulow
levels in the rich zones close to the downtown area. But in theofdsie city,
informality doesn’t have the same clear pattern that cleraes the spatial

distribution of income and wealth.
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Figure 13 - Quantile Map with Percentage of Inform&Housing (2000)

Figure 14 shows a classification of the zones by the perceotdgrises with water
connection. It is clear from the map that access to watendtaseen limited to the
rich and wealthy areas and the majority of the urban area afl@wnjoys a level of
connection above 88%. This is consistent with the trend seen in rbast areas in
Brazil in past 20 to 30 years. While in the 1970s the periphery veaaathrized by
the lack of all public services, in the late 1990s living conditionshese areas
improved significantly because of massive investments in infrasteucfrom

municipal and state utility companies. Although a map showing the geverf
electricity is not included in this section, its coverage is @atter than that of water
services, with all zones having between 97% and 100% of houses ce#hsato

electricity.
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Figure 14 - Quantile Map with Percentage of Houses/ Water Connection (2000)

Figure 15 shows a classification of the zones by the percentage of houseswagh se
connection. The map shows that the percentage of coverage of sewagetion is
much smaller than that of water and electricity and theneiie of sewer

connections is generally restricted to the wealthier parts of the city.
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Figure 15 - Quantile Map with Percentage of Houses/ Sewage Connection (2000)

Figure 16 to Figure 21 show a spatial classification of the medibue of the six
regulatory variables of interest in this study. The darker colors shoavehe where a
denser pattern of occupation is allowed; with this color scher@ded to the each
of the regulatory variables. In general, the regulatory variaskegonsistent with a
higher density of occupation in centrally located areas. Howewér,some of them
have a gradient of density that gradually decreases as thasziumther away from

the center, such as Minimum Plot Area and Occupation Ratio.

For some regulatory variables, some parameters dominate. FRances for
Maximum Number of Floors, 2 is the predominant parameter applié8 aones out
of 82 zones; for Minimum Front Setback, 5 meters is the predominanngara
applied in 72 zones out of 101; and for Minimum Front Setback, 12 mettrs is

predominant parameter applied in 46 zones out of 83. For FAR regulation, the
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downtown area of Curitiba is close to an outlier, being the only zohédlsaa FAR

of 5. In all other zones, FAR varies between 0.1 and 2.

Figure 16 - Quantile Map of Median Zoning Regulatio - Minimum Plot Area
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Figure 17 - Quantile Map of Median Zoning Regulatio - Maximum Number of Floors

Figure 18 - Quantile Map of Median Zoning Regulatio - Minimum Front Setback
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Figure 19 - Quantile Map of Median Zoning Regulatiom - Minimum Frontage

Figure 20 - Quantile Map of Median Zoning Regulatim - Occupation Ratio
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Figure 21 - Quantile Map of Median Zoning Regulatim - Floor-to-Area Ratio

Spatial Autocorrelation

In this section, the possibility of spatial correlation for the hnguprice variables are
assessed using Moran’'s | test (Anselin et al. 2006). First, cdytigased and
distance-based spatial weights are constructed. In a contiguég-lspstial weight

the neighbor is based on sharing common boundaries. The polygon shape file
obtained from the World Bank and Curitiba’s Research and UrlzamiRg Institute
(IPPUC for its Brazilian acronym) is unfit for the constian of a contiguity-based
spatial weight because the boundaries have several imperfe¢tmmthat reason, a
Thiessen polygon shape file is created using a point shapedtl@ises the original

polygon centroids. Below, the original shape file, the Thiessen polygqme sha
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used for the construction of distance-based spatial weights, ampdititeshape file

used for the construction of contiguity-based spatial weights are shown below.

Figure 22 - Map of Study Area with Original PolygonShape

Figure 23 - Map of Study Area with Thiessen Polygoshape
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Figure 24 - Map of Study Area with Point Shape (Cetnoids)

There are two common definitions of contiguity for the construabiospatial weights:

rook contiguity and queen contiguity. Rook contiguity only considers neighbors’
polygons that share a segment boundary, while queen contiguity alsdescieighbors

that share a point boundary. Because Thiessen polygons don’t havequoidaries, it is
indifferent which contiguity is adopted. Spatial weights can alsedmstructed using
different orders of contiguity, if the value of a unit is affectgifferently by the
immediately contiguous units and by the second order (or higher order) contiguous units.
In this study, four contiguity-based spatial weighs are creatst]: decond, third and
fourth order rook contiguity weights. A distance-based weight is alsstructed

using the inversdistance between centroids of polygons.

The spatial weights are used to create five spatially thggeiables for the formal
price of housing: Price_ WR1 (using the first order rook contiguityghgi

Price_ WR2 (using the second order rook contiguity weight), Price. WR3g(tise
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third order rook contiguity weight), Price_WR4 (using the forth ordek contiguity
weight), and Price_ WD (using the distance-based weight). Aabfag of a specified
variable is computed by taking the weighted average of neighbor poly§ons
example: zone 117 has three first order neighbors with formal hopsiogs of
$28,400, $4,705, and $10,165, so it has a spatial lag of $14,423.33; that is [($28,400
+ $4705 + $10,165)/3]. A second order contiguity weight will take the ner af
neighbors and the average value of housing price of those neighbogs/eills the
second order spatial lag variable for formal housing price.s@nee method is used

to get the spatial lag variables using third and forth order contiguity weights.

Moran’s | is used to assess the spatial autocorrelation betlweespatially lagged
formal housing price variable and the original formal housing pricealar As
explained before, the Moran’s | can vary from 1 to -1, just@w@lation coefficient
does. A high positive or negative correlation coefficient meartsthieae is a high
spatial correlation between the variable and the spatial lagy other words, that
neighborhoods with high housing prices are surrounded by neighborhoods with high
housing prices and/or neighborhoods with low housing prices are surrougded b
neighborhoods with low housing prices. Inference for Moran’s | is based
random permutation procedure, which recalculates the statisticy tiraas to

generate a reference distribution and a pseudo significance level.

Moran’s | is positive and equal to 0.6402 for immediate neighbors, daugeto

0.4513 for second order neighbors, to 0.2585 for third order neighbors, and to -0.0230
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for fourth order neighbors. The spatially lagged price variakéed on distance has a
Moran’s | of 0.2572. Using a random permutation procedure we find thatrialbles

are all statistically significant except for Price_WRA4.

Table 6 - Moran's | Test for Formal Housing Price \ariable

Moran’s | Permutation p-value
Spatial Correlation Price_ WR1 x Price 0.6402 999 0000
Spatial Correlation Price_ WR2 x Price 0.4513 999 0000
Spatial Correlation Price_ WR3 x Price 0.2585 999 0000
Spatial Correlation Price_WR4 x Price -0.0230 999 .3260
Spatial Correlation Price_WD x Price 0.2572 999 (0[0[0)]

Table 6 presents the Moran'’s | test for each sihatayged variable of formal housing price.

These results suggest that there is clustering in the fdmoging price variable with
neighbors that are close by. To further investigate this, a LL®&a{ Indicators of
Spatial Autocorrelation) cluster map is used for Formal Housiiog Rrsing the first
order rook weight, 999 permutations and significance level of p = 0.059-{ges

25). The zones in dark red are those that have a high-high signiBpatial

correlation (high housing price zones surrounded by high housing mes)z The
zones in dark blue have low-low significant spatial autocorrelatom iflousing price
zones surrounded by low housing price zones). The zones in ligheredthers and
have significant high-low spatial autocorrelation (a zone witfh Hiousing price
surrounded by zones with low housing price). Zones in white have noicagmif

spatial correlation.
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Figure 25 - LISA Cluster Map of Formal Housing Price Variable
Using First Order Rook Weight
999 permutations, significance level p = 0.05

The cluster map shows that there is clustering of high formalifgpypsices at the
center and clustering of low formal housing prices in the periplighyfour outliers
(zones with high formal housing price surrounded by neighbors with domal
housing price) in between. This reinforces the spatial data amahadi was already
carried out before, with the quantile maps. It also suggests that thbespatially
lagged price variable is introduced into the equation that explairdetbeminants of
the quantity of informal housing, we would expect that more distaighiners
(Price_WR2, Price_ WRS3, and Price_WR4) are more likely to havesaiye and
significant effect on the quantity of informal housing. With thategal hypothesis in

mind, the analysis turns to the regression analysis.
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Chapter 5: Results

The results are reported in three parts: (a) the individuatdegastres regressions for
each of the three equations included in the model proposed by this @ the
three-stage least-squares regression; and (c) a comparisomglef least-squares
regression and three-stage least-squares regression toifcregidation and formal

housing price are indeed endogenous variables.

Single Least-Squares Regressions

Formal Housing Price Model

The first single least square regression is a hedonic pragkel that measures how
the different housing attributes affect formal housing price. The huse@sP; = f,(S,

N, L, R, whereP: is formal housing prices is a measure of structural characteristics
of the housing unitN is a measure of neighborhood characteristids,a measure of
location within the market, an is a measure of urban regulation. Formal housing
price ¢; ) is measured by the median assessed value of a housing untthin ea

neighborhood, according to municipal property tax cadastres.

After running a linear model of formal housing price and identifyangurvilinear
relationship between the residuals and the fitted values, a semmedgl is used to

correct for this. Table 7 presents the results of the simgléel of formal housing
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price without including the regulatory variables. The model explainsaf88hanges
in price. Several variables are statistically significainthe 95% level, namely floor
space, percentage of houses with permanent structure, percehtagases with
water connection, percentage of houses with electricity, andhdésteom Curitiba’s

downtown area.

Table 7 - Formal Housing Price Model

Dependent variable Coefficient Standard t-Statistic Prob. > |t|
Error
Floor space (m2) .0087856 .0014182 6.19 0.000
Per. of Houses w/ Permanent Structure -.1628301 .0783899 -2.08 0.040
Per. of Houses w/ Sewage Connection .0029373 .0023864 1.23 0.221
Per. of Houses w/ Water Connection -.0128438 .0048736 -2.64 0.010
Per. of Houses w/ Electricity .1643821 0.0786535 2.09 0.039
Per. of Houses on Paved Streets .0018941  .0029602 0.64 0.524
Distance from downtown area (km) -.0341754 .0112786 -3.03 0.003
Constant 10.1832 .7698636 13.23 0.000

Table 7 presents the regression on natural logarithformal housing price, measured by the medssessed
price of residential units used by municipalities fproperty tax purposes. Number of observatioh®8and
R*=0.7808

All variables have expected signs except for the percentdgasuses with permanent
structure and with water connection. There is a possibility thdt bagrelation
among variables might be affecting their coefficient. Permaseuatture is highly
correlated with electricity (0.99) and connection to water has h bagrelation

coefficient with paved streets (0.63).

Percentage of sewage connection and percentage of paved ateeets significant
at any level, but there is a possibility that these variabight be affected by high
correlation with other variables. Sewage connection is correlatdd fleor space

(0.64), with houses on paved streets (0.77), and with distance from tmeodaw
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area (-0.72). Paved streets is correlated with floor sp@dg6§; sewage connection

(0.77), water connection (0.63), and distance from the downtown area (-0.82).

Urban Regulation Model

Table 8 presents the results of the political model on the ndietants of urban
regulation. A single least square regression for each ofixtheegulatory variables
collected in this study is run separately. As noted before, datd980 was not

available for this research, so data for 1991 is used instead.

Table 8 - Urban Regulation Model

Min Plot Max Num Min Front Min Occupation  Floor-to-
Area (m?) Floors Setback Frontage Ratio Area Ratio
(m) (m)
Per. adults 15 yrs
of educ. 1991
Size of population -.0012274 -.0511663 .0057808
in 1991 (1,000) (.0064268) (.0521473) (.0046972)

Per. owner 29.07814 .0078691  -.0104602 .0776651  -.0005685 -.0251985
occupied house 91  (41.96922) (.0101846) (.0299132) (.0796398) (.0012675) (.0135324)
Constant

N 108 82 101 83 104 39
R? 0.21 0.14 0.29 0.09 0.32 0.57

In each cell, coefficients are shown on the top staddard errors are shown in parenthesis at ttienbo
Coefficients highlighted in dark green are sigrifit at the 99% level, coefficients highlightedight green
are significant at the 95% level, and coefficidmitghlighted in yellow are significant at the 90%éé

The model shows that in all regressions but one, the percentagenei-oecupied
houses in 1991 is not significant. The percentage of adults with 150fezataication
or more in 1991 is significant at the 99% level in all regressiodstize size of the

population is significant in three out of six regressions.
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The signs indicate an increase or a decrease in the densitgupfation for each of
the urban regulation variables. An increase in the minimum plotvevall raise the
minimum plot size, say from 250 m2 to 1,000 m2, and that would dectlease
density of occupation, so a coefficient with a positive sign is detrg density and a
coefficient with a negative sign is increasing density. TAgimum number of floors
is the opposite. A positive sign indicates an increase in densitle aiiecrease in
sign indicates a decrease in density. The same analysis fédloai other regulatory

variables and a summary of this analysis is presented in Table 9.

Table 9 - Expected Signs of Urban Regulation Varidbs Versus Density

Min Plot Max Min Min Occupati  Floor-to-
Area Num Front Frontage on Ratio Area
(m? Floors  Setback (m) Ratio
(m)
Increase in density of occupation — + — — + +
Decrease in density of occupation  + — + + — —

With that in mind, let’s turn back to the analysis of Table 8.dtgage of adults with
15 years of education or more is statistically different fremo on all models and in
all cases the sign is consistent with an increase in densitgcapation. That means
that areas with higher percentages of high educational lewssahligher density of
occupation. In the United States, high income families tend to |ldoat@ore
suburban, less dense areas, while low income families tend to Imere central and
densely occupied locations. Brazil, and many other developing countregshda
opposite trend. High income families locate in more central aretse city, while
the suburbs, where occupation is more spread out, is where low inaoritied are

concentrated. So the sign of the coefficients are what would be expected.
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The size of the population is statistically significant on tlggagsions of minimum
plot area, minimum front setback and occupation ratio. In all cadsesign of the
coefficients indicate that as the size of the population incredsasity of occupation
increases as measured by these three regulatory variableh, isshvhat we would
expect. The magnitude of the effect of population size is partigubagh for

minimum plot size. A 1,000 increase in population is associatecavd#dtrease in 76
m2 in the required minimum plot, meaning that in highly populated #negdot size

is smaller and the occupation is more compact.

The percentage of owner-occupied houses is only different from zéire 80% level

in the model of floor-to-area ratio. In this model, the sign ofcthefficient indicates

that places with a higher percentage of owner-occupied housessareiated with
lower density of occupation. In all other models, the percentdgwner-occupied
houses is not different from zero and we can’t rule out the possiliiat
homeownership does not affect the stringency of regulation. Genevalywould
expect homeownership to be associated with a segment of the popthatidmas

high income and is politically involved in influencing urban regalatiin Brazil,
homeownership permeates all segments of society, feitielas and irregular
loteamentodaving high rates of homeownership. For that reason, it is not surprising

that this variable doesn’'t seem to affect urban regulation.
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Finally, it is worth noting that this model of urban regulatperforms particularly
well with occupation ratio and FAR. In these regressions, the neoghdins 32%

and 57% of the determinants of occupation ratio and FAR, respectively.

Quantity of Informal Housing Model

The third regression models the determinants of informal housing queritit the
function: Q, =1f3(P;, N, L, I, D, whereQ; is the quantity of informal houses measured
as the houses where the owner doesn’'t have title to theRand, formal housing
price, N is a measure of neighborhood characteristicss a measure of location
within the market] is income, andD is demographic characteristics measured by the
size of the population, annual percentage change in population, number & peopl

married, and percentage of families headed by blacks and pardos.

After running a linear model of the quantity of informal housing andtityéng a

cone relationship in the scatter plot between the residuals anfittétevalues, a
semi-log model is used to correct for this. The log-linear foomect for the non-
constant variance, but now a curvilinear relationship of the sqatiebetween the
residuals and the fitted values reveal the possibility of a norrliredationship
between the dependent and independent variables. The transformation of the variables
for price, income, and size of the population, correct for this probtehthe residual

plot shows residuals randomly distributed around their mean of zero.
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Table 10 presents the results of the final regression modeeaquéntity of informal
housing. All neighborhood attributes were insignificant. An F sestistic is carried
out to check whether these variables are jointly significant antegtevith (5, 92)
degrees of freedom is 1.03, meaning that all variables areyjoigignificant in
explaining quantity of informal housing. The variables were also ieduwl all three

stage regressions and they were still insignificant, so were dropped from the

equation.
Table 10 - Quantity of Informal Housing Model
Dependent variable Coefficient Standard t-Statistic Prob. > [t|
Error

Log Formal Housing Price (R$) (2000) -.1750937 19855 -1.03 0.305
HH Median income (R$) (2000) -1.111925 .2279704 884. 0.000
Size of population in 2000 (1,000) -.0586821 .08|m2 -5.85 0.000
Square Root Size of population in 2000 1.170261 37621 9.46 0.000
Per. HH headed by blacks/pardos (2000) .0242881 39816 1.74 0.085
Distance from downtown area (km) -.023684 .0166577 -1.42 0.158
Constant 10.78352 2.337742 4.61 0.000

Table 10 presents the regression on the naturatitbg of the quantity of housing where the own&ns the
house but not the land according to the 2000 ceMwrsber of observations = 108 and R2 = 0.7953

The model explains 79% of changes in the quantity of housing. Tlablewithat are
statistically significant at the 99% level are median ineppopulation size, and the
square root of population size. The percentage of households headed byahthcks
pardos are statistically significant at the 95% level. Sunglig, the price of formal

housing and the distance from the downtown area are not statistically sighific

The coefficients obtained for population size indicate an increasffert of

population size on the quantity of informal housing, which is what would be

expected. As population size increases, informal housing increlaaeBigher rate.
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Median income also has the expected negative sign, indicating tim&tésn income
increases, the quantity of informal housing decreases. The pee@ithguseholds

headed by blacks and pardos is positive as expected.

Three-Stage Least-Squares Regression

The final models obtained in the single least squares regressi@nused to run a

three-stage least squares regression that has the following equations:

Regulation  ,, ,;Education_91 ,Pop_91 ,.,Owner_91

In(P;) ., ,Regulation ,,FloorSpace  ,,Structure  ,;Sewage
,.Water . Electricity ,Pavement ,Dist ,

In(QI) 30 2 ln(Pf ) 31 ln(Pf )—WRl 32 ln(Pf )—WRZ 33 ln(Pf )—WR3
NP _wo s In(Income)  ,,Pop ., Pop”?  _Black ,Dist |

Where Regulationis each of the six regulatory variables (minimum plot area,
maximum number of floors, minimum front setback, minimum frontage, otoupa
ratio, and FAR),P; is the price of formal housing); is the quantity of informal
housing,Incomeis the median household incontgjucation_91is the percentage of
adults with 15 years of education or more in 19Bbp 91is the size of the
population in 19910wner_91is the percentage of owner occupied houses in 1991,

FloorSpaceis the median floor space of formal housing in 2080uctureis the
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percentage of houses with permanent structure in Z28fagds the percentage of
houses with sewage connection in 200@&teris the percentage of houses with water
connection in 2000Electricity is the percentage of houses with electricity in 2000,
Pavements the percentage of houses with paved streets in 2880s the distance
to the downtown area of CuritibBppis the size of the population in 2000, dldck

is the percentage of households headed by blacks or pardos.

In the third equation, the spatial lag variablesPinfyr:, IN(Pr)_wr2, IN(P)_wrs,
In(Ps)_wrs,IN(Ps)_wp are introduced to the model. As explained before, these are not
time lags, but spatial lag variables. B)(wr1is the spatially lagged variable of the
natural logarithm of formal housing price using a first order repétial weight.
Ln(Py)_wrzis the spatially lagged variable of the natural logarithm of &nnousing
price using a second order rook spatial weight.Phn{rsis the spatially lagged
variable of the natural logarithm of formal housing price usingi@ order rook
spatial weight. And Irfy) wpis the spatially lagged variable of the natural logarithm
of formal housing price using the distance-based weight. In alssigns the spatial

lag variable that uses the forth order rook spatial weigh®;)In{r4is statistically

insignificant, so this variable is not included in the final model specification.

Regulation Natural Logarithm of Formal Housing Price B¥)( and the Natural
Logarithm of Quantity of Informal Housing IQ() are endogenous variables, while all
others are exogenous variablesjs used for parameters on endogenous variables,

while is used for parameters on exogenous variables.
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Table 11 - Three-Stage Least-Squares Regression Mad

Regulatory VariablesR) Min Plot Max Num  Min Front Min Occupatio  Floor-to-
Area (m?) Floors Setback Frontage Ratio Area
(m) (m) Ratio

Regulatory VariablesR)
Size of population in 1991 -79.70238  -.0044029 -.0703725 -.0641574  .0019847 .0059144

(1,000) (24.75728) (.0046762) (.020015) (.049887) (.0007636) (.004409)
Per. adults 15 yrs of educ. in  -203.3711  .0366853 -.1755692 -.2027191 .0097997  .0545285
1991 (46.5878)  (.0105515) (.0337663) (.0857639) (.0014271) (.0080833)
Per. Owner Occupied Houses 25.57384 .0073816 -.009094 .0855584  -.0005396 -.0241442
in 1991 (40.30954) (.0074818) (.0292124) (.0763284) (.0012395) (.0126973)
Constant 5366.012  1.71235 11.10072  14.79474  .3185525  1.995542

(2447.061) (.4746202) (1.752635) (4.787504) (.0745459) (.8440507)

Ln (Py)

Regulatory VariablesR) 0.0000674  .474286 .0676246  .0254027  -.0094705  .1839158

(.0000196) (.1058152) (.0321528) (.0105803) (.5775187) (.089103)
Floor space (m2) 0.0096312 .0065718  .0108406  .0071105 .0089811  .0104866

(.0013601) (.0014468) (.0016894) (.0015165) (.0014345) (.0019384)
Per. Houses w/ Permanent ~ -.2096847 -.0580339 -.2587959 -.2123095 -.1968338 -.1272995

Structure in 2000 (.0747493) (.0873378) (.0955257) (.1165552) (.0931459) (.0731264)
Per. of Houses w/ Sewage .0035151 .0008292 .0030247 .0031464 .0019753 .0012053
Connection in 2000 (.002205) (.0026537) (.0021695) (.0025063) (.0022781) (.0026423)
Per. Houses w/ Water -.0058627  -.007767 -.0092815 -.0042823 -.0104946 -.0047413
Connection in 2000 (.0051279) (.0055479) (.0045138) (.0075145) (.0050949) (.0051356)
Per. Houses w/ Electricity in ~ .2140479 .0493092 .2641156 .206694 .1992205 .1165355
2000 (.075396) (.0881079) (.0965953) (.1159401) (.0931702) (.073172)
Per. Houses w/ Paved Streets .0013143 .005719 .0030273 .008301 .0001675  -.0015626
in 2000 (.0027499) (.0029935) (.0031108) (.0030725) (.0027908) (.0031943)
Distance from downtown area -.0495509 -.0255989 -.033895 -.042583 -.0421285 -.0361481
(km) (.0112996) (.0101968) (.0109858) (.0112472) (.0111455) (.009378)
Constant 9.127037 9.516872 8.668575 9.408996 10.12716 10.57928

(.8080231) (.7877929) (1.03123) (1.242219) (.6974655) (1.24512)

Ln (Q)

Ln (Py) -1.041704  -.235924 -1.053326  .5944381 -.9391618 .0574916

(.3771279) (.5223928) (.393119) (.7760126) (.3894187) (.2589183)
Ln (P)_WR1 .7912228 .0626943 .678916 -4137277 5927712  -.2424379

(.3487083) (.439931) (.3593166) (.4834184) (.3429455) (.4146127)
Ln (P)_WR2 -.2727008 .7057669  -.2301704 761779 -.206925 -.2659329

(.4088401) (.4726501) (.4575036) (.5029874) (.4481875) (.5716497)
Ln (P)_WR3 1.019145 5772361 1.149548 .552582 1.073931 .8861025

(.5297675) (.5516105) (.5658766) (.6068983) (.5500663) (.5399613)
Ln (P)_WD .1461535 14311134  -.1397949 .960636 .0540064 .9501028

(.3546275) (.3601063) (.3622848) (.5348956) (.3551959) (.3521032)

Ln (Median income in 2000) ~ -1.335793 -2.024781 -1.349411 -2.21359  -1.278351 -.5523495
(2741911) (.3417869) (.2814806) (451582) (.2784935) (.3052314)

Size of population in 2000 -.0588314 -.0469691 -.0604626 -.0523679 -.0552361 -.0334004
(1,000) (.0097637) (.010809) (.0115069) (.013154) (.0099846) (.0111214)
Square Root (Size of 1.158518  1.042693  1.186371  1.109423  1.138403  .8350453
population in 2000) (\1206044) (.1366591) (.1363582) (.1546656) (.1249628) (.1452782)
Per. HH headed by .0057962  -.0036871 .0037548 -.0081042 .0092369  .0448271
blacks/pardos (2000) (.0180512) (.0218054) (.0191758) (.0198524) (.0189644) (.0151923)

Distance from downtown area -.0092349 .0244744  -.0295273 .0946695  -.0141282 .055976
(km) (.0360166) (.035271) (.0379392) (.0677703) (.0375841) (.0257034)
Constant 4220569 -.1296983 6.913298 -8.921182 4.504076 -9.271621
(6.97565)  (6.747601) (7.14041) (10.33251) (7.05438) (5.645365)

N 108 82 101 83 104 39
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Five of six regulatory variables are significant in the forimalising price model.
Minimum plot area and maximum number of floors are significathe©9% level.
Minimum front setback, minimum frontage, and FAR are significant at thel©&8k
Some of the results confirm the original predictions of the stédy.increase in
minimum plot area, minimum front setback and minimum frontage woulccaser
density of occupation of land and in these regressions they show iggpeffiect on
formal housing price, which is consistent with the hypothesis tlwie mestrictive
regulations increase housing price. According to these results, haltfiag quality
attributes of a residence fixed, a 100 m2 increase in requirg@chom plot area will
increase the median price of formal housing by approximately ;a7%an increase
in the required minimum front setback will increase the mediare pf formal
housing by approximately 7%; and a 1 m increase in the requirechuam frontage

will increase the median price of formal housing by approximately 2.5%.

For two regulatory variables the results are conflicting. Acraase in maximum
number of floors and an increase in FAR would increase density andhircéses
they are associated with a positive effect on price, whictorgrary to what we
would expect according to the original hypothesis. According te tressilts, holding
other structural, neighborhood and location attributes of a housing und, fixe
permitting an additional floor will increase median housing price4By1% and

increasing FAR by 1 point will increase median housing price by 18.4%.
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Both maximum number of floors and FAR are regulatory variablesatfeahighly
correlated and have a direct effect on building height. Zoning ate@® more floors
and higher FAR are permitted tend to have more multistory regmtdntildings
(remember that FAR is the ratio between building floor spadepéot area, so that a
FAR of three means that on that parcel of land, buildings can haoresfpace that is
three times the area of the plot). It is possible that this aeppaliscrepancy is
actually the result of aggregating single family and nauttify units in the analysis.
Ideally, we would like to study these two markets separabelyin this case, the data

doesn’t permit it.

There were two other hypotheses being tested. The second hypgitegmsed that
formal housing is an imperfect substitute for informal housing, doathacrease in
formal housing price would increase the quantity of informal housihg. third
hypothesis proposed that there is a spatial interaction of fdrousing prices and
informal housing so that an increase in housing price in one area will lead low income
families to look for a housing solution in the informal market not amlthat area,

but also in neighboring areas. The spatial spillover effect whe &ssessed through
spatially lagged variables of formal housing price. There aradigeessions where at
least one of the formal housing price variables has a statigtsignificant effect on

the quantity of informal housing.

Table 12 highlights the results for the formal housing price vasalhat are

statistically significant. L) is the natural logarithm of formal housing price and the
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coefficient shows the effect of this variable on the naturaridgn of the quantity of
informal housing InQ;) obtained from the three-stage regression models described
above. LnPs)_wr1 is the spatial lag of the natural logarithm of formal housingepr
using a first order rook weight, while ] wrzis the spatial lag variable using third
order rook weight and IR)_wp is the spatial lag variable using a distance-based

weight.

Table 12 - Summary of the Effect of Formal HousindPrice on the Quantity of Informal Housing

Three-Stage Regression Mode Variable Coefficient igni8cance Level
Minimum Plot Area (m2) LnRy) -1.041704 99%

Ln (Py)_wr1 7912228 95%

Ln (Pf)_wra 1.019145 90%
Minimum Front Setback (m) LrPg) -1.053326 99%

Ln (Py)_wr1 .678916 90%

Ln (Pf)_wra 1.1495486 95%
Minimum Frontage (m) LnR)_wo .960636 90%
Occupation Ratio LnR}) -.9391618 95%

Ln (Py)_wr1 5927712 90%

Ln (Pf)_wra 1.073931 90%
Floor-to-Area Ratio (FAR) LnRy)_wo .95010288 99%
Table 12 highlight some of the results obtainedhftbe three stages regression model, where endageno
variables are the regulatory variables (minimunt ptea, minimum front setback, minimum frontage,
occupation ratio, and FAR), formal housing priagd ¢he quantity of informal housing.

The five regressions highlighted here indicate that the pri¢erofal housing has a
negative effect on the quantity of informal housing in the same neighborhood, but this
effect turns positive in the adjacent and more distant neighborhoodspAsted, the

rise in formal housing price in one locality pushes people tanfieemal sector in

more distant neighborhoods, confirming the third hypothesis. Howevéngisame
locality the results are not what were expected. A risenmdl housing price in one
locality decreases the amount of informal housing in that locadgirary to the

second hypothesis.
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In the three-stage regression that uses the regulatogablearminimum plot area, the
results show that a 1% increase in formal housing price woulda$ectbe quantity
of informal housing by 1.04% in the same neighborhood, and increaseiv &
and 1.02% in first and third order neighbors, respectively. In the thage-s
regression that uses the regulatory variable minimum frontdettige results show
that a 1% increase in formal housing price would decrease the guznititformal
housing by 1.05% in the same neighborhood and increase it by 0.68% and 1.15% in
first and third order neighbors, respectively. In the three-st&gression that uses the
regulatory variable occupation ratio, the results show that a 1lféase in formal
housing price would decrease the quantity of informal housing by 0948 same
neighborhood and increase it by 0.59% and 1.07% in first and third ordébaesg
respectively. In the three-stage regression that uses thetoggulariable minimum
frontage, the results show that a 1% increase in formal housceywould increase
the quantity of informal housing by 0.96% in neighboring locations. In tee-tage
regression that uses the regulatory variable floor-to-ares thé results show that a
1% increase in formal housing price would increase the quantityamaf housing

by 0.95% in neighboring locations.

What could explain the apparent discrepancy in these results’h@bwy that has
been recently developed to explain the existence and sustainaiilityformal
housing by Brueckner and Selod (2008) might help understand this pakadiosir
model, Brueckner and Selod propose that squatters and formal resioeiste for

land within a city. The model portrays squatters as “squeeziegformal market by
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occupying land that could be developed for formal use, raisiagotite paid by
formal residents. The squatter organizer, however, ensurehithagtieezing is not
too severe, otherwise the formal price will rise to a level thétes eviction by

landowners.

It is possible that these results are reflecting the spatatifestation of this
phenomenon. As the formal housing price rises in a particular neighborlm@od, t
possibility of eviction becomes too high in that location leadingitmeme families
to look for an informal housing solution in a different location. Whatmseto be
different from Brueckner and Selod’s conclusion is that the modellapma here
seems to show that the formal sector is not being “squeezetébyformal one, but
rather that the formal housing sector, by maintaining high pricesrtain locations,
is keeping the informal housing sector out of their areas, pushing them to mamne¢ dist

and less desirable locations.

Recall the LISA cluster map that was presented in the spataysis section (see

Figure 26 below).
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Figure 26 - LISA Cluster Map of Formal Housing Price Variable
Using First Order Rook Weight
999 permutations, significance level p = 0.05

This map showed that there was clustering of high formal housiogspat the center
(in red) and clustering of low formal housing prices in the penpkie blue). The
zones in dark red are those that have a high-high significatilsporrelation (high
housing price zones surrounded by high housing price zones). The zoneshtudark
have low-low significant spatial autocorrelation (low housing prmees surrounded
by low housing price zones). The zones in light red are outlierhiavel significant
high-low spatial autocorrelation (a zone with high housing pucesanded by zones

with low housing price). Zones in white have no significant spatial correlation.

Based on the spatial correlation of formal housing price, itaméisipated that more
distant neighbors were more likely to have a positive and signtfieffect on the
guantity of informal housing and this is what the results are sigowrom first order
neighbors to third order neighbors there is an increase in the odgot the effect

of formal price on informal quantity of housing. In the minimum plot aegmession
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model, there is an increase in the magnitude of the coefficemt 379% to 1.02%;
in the minimum front setback model, it increases from 0.68% to 1.15%inahe

occupation ratio model it increases from 0.59% to 1.07%.

The comparison of the LISA cluster map for formal housing pricé e LISA
cluster map for the quantity of informal housing (see Figure shbws that the
informal housing variable has a significant spatial correlationdgmenantly
concentrated in the center of the city, and in the rest of #teopolitan area there
isn't a clear pattern of spatial correlation. In the centedtions two spatial patterns
occur: high-high significant spatial correlation for formal hougnge and low-low

significant spatial correlation for quantity of informal housing.

Figure 27 - LISA Cluster Map of Quantity of Informal Housing Variable
Using First Order Rook Weight
999 permutations, significance level p = 0.05
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The results indicate that high priced areas act as a bar tdetleopment of the
informal sector in the same locality (explaining the negatnefficients of formal
housing price) while the informal sector is being pushed to the outskitte city
(explaining why the lagged price variables become positivehamd an increasing
effect on the quantity of informal housing as the locations move fuathay from

each other).

The regressions results also seem to indicate that the met effformal housing
price on the quantity of informal housing, taking into considerationfteeteon the
same location and the effect on neighboring locations, is posithis. régression
shows that without a spatial analysis, the results of the effqmtice on informality

can be misleading.

Single Versus Three-Stage Least-Squares Regression

The same model specifications used in the three-stage regressrensin separately
to test whether the use of a simultaneous equation model improvests rigsul
comparison with a model specification that uses single regresdibasresults are

show in Table 13, Table 14, and Table 15.

In the first equation, which models the determinants of urban reguland is

presented in Table 13, simultaneity doesn’t affect the resulth. All variables in

the single regression have coefficients with similar sigaifce level, sign and
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magnitude as the three-stage regression. This is expectdus axjtiation doesn’t

have a variable that is jointly determined by another equation.

Table 13 - Urban Regulation Model

Min Plot Max Num  Min Front Min Occupatio Floor-to-
Area (m?) Floors Setback Frontage Ratio Area Ratio
(m) (m)

Per. adults 15 yrs of -223.4458 .0366568 -.1805736 -.236503 .0096476  .0542588
educ. (1991) (47.86157) (.0116276) (.0344986) (.0886127) (.0014564) (.0085636)
Size of population in  -76.11268 -.0012274 -.0697854 -.0511663  .0020517  .0057808
1991 (1,000) (25.69132)  (.0064268) (.0204543) (.0521473) (.0007797) (.0046972)
Per. owner occupied 29.07814 .0078691 -.0104602 .0776651 -.0005685 -.0251985
house (1991) (41.96922) (.0101846) (.0299132) (.0796398) (.0012675) (.0135324)
Constant 5285.143 1.621966 11.22438 15.44212 .320643 2.067878

(2544.444) (.6196109) (1.794326) (4.988589) (.0762075) (.8996261)
N 108 82 101 83 104 39
R2 0.21 0.14 0.29 0.09 0.32 0.57

In each cell, coefficients are shown on the top staddard errors are shown in parenthesis at ttienbo
Coefficients highlighted in dark green are sigrifit at the 99% level, coefficients highlightedight green
are significant at the 95% level, and coefficidnishlighted in yellow are significant at the 90%éé

In the second equation, which models the determinants of formal housiegpdds
presented in Table 14, results between single and three-sggssiens start to
differ. In the simultaneous model, where the regulatory variablestraated as
endogenous in the model, five out of six regulatory variables areisagifwhile in
the single regression model, only two variables are signifiddimimum plot area
and maximum number of floors don’t have a significant effect on fohmaking
price in the single regression, while they are significathe@99% level in the three-
stage regression model. Minimum frontage doesn’t have a signigéi@ct on formal
housing price in the single regression, while it is significarthat95% level in the
three-stage regression model. There are two regulatory variahiels are significant
for both models: minimum front setback and floor-to-area ratio. In batllel

specifications, the sign is the same and the magnitude of #e effvery similar.
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Occupation ratio is the only regulatory variable which doesn’t shaigmificant

effect on formal housing price in both models.

Table 14 - Formal Housing Price Model

Dependent variable Min Plot  Max Num  Min Front Min Occupatio Floor-to-
Area (m?) Floors Setback Frontage n Ratio Area Ratio
(m) (m)
Regulatory Variables .0000128  .0261418  .0434567 -.0009023 -.1148632  .1438347
(R (.0000105) (.0390144) (.0137177) (.0058452) (.3611763) (.079632)
Floor space (m2) .0089502 .0076459  .0101877 .0069215 .0090135 .0105738

(.0014212) (.0014929) (.0015023) (.0015502) (.0014971) (.0021814)
Per. Houses w/ Perm. -.176489  -1049189 -.2478691 -.1073266 -.195851  -.1329349
Structure in 2000 (.0789996) (.0989313) (.0987747) (.1075602) (.1029516) (.0839986)
Per. of Houses w/ 003053  .0034794  .0032133  .0024629  .0027836  .0014862
Sewage in 2000 (.0023825) (.0027854) (.0024203) (.0025875) (.0025296) (.0030373)
Per. Houses w/ Water -.0112109 -.0111258 -.0105422 -.0085145 -.0116424 -.0052951
Connection in 2000  (.0050431) (.0057624) (.0050411) (.0074738) (.0053955) (.0057765)
Per. Houses w/ 1786117  .0967876  .2515263  .1056282  .1965335  .1207124
Electricity in 2000 (.0793275) (.0996313) (.0988126) (.1077936) (.1027654) (.0841131)
Per. Houses w/ Paved .0019978  .0076442  .0036954  .0084262  .0017242  -.0012706

Streets in 2000 (.0029543) (.0033284) (.0030545) (.0031767) (.0031193) (.0036723)

Distance from -.0368457 -.0252274 -.0294457 -.0381546 -.0360818 -.0362793

downtown area (km) (.0114628) (.0114244) (.0113941) (.0114374) (.0118645) (.0106869)

Constant 9.935257 10.46446  9.102939  9.854758  10.22194  10.77491
(.7944957) (.7696089) (.8246046) (1.272625) (.7883381) (1.433307)

N 108 82 101 83 104 39

R? 0.7551 0.7959 0.7499 0.8206 0.7307 0.8970

Table 14 presents the regression on natural Idgaritf formal housing price, measured by the median
assessed price of residential units used by mualitigs for property tax purposes.

In the third equation, which models the determinants of informal hougiagtity

and is presented in Table 15, results between single and threeaegjagssions differ.
In the simultaneous model, where formal housing price is trestezhdogenous in
the model, formal housing price has a significant effect on thetigpaf informal

housing in four out of six of the model specifications, while in thelsirggression
formal housing price has no significant effect on informal housirigese results
indicate that the regulatory and the formal housing price vasiablest be

endogenous and the use of a three-stage regression model is recommended.
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Table 15 - Quantity of Informal Housing Model

Dependent variable Coefficient Standard t-Statistic Prob. > [t|
Error

Ln (Py) -.2511294 1737462 -1.45 0.152
Ln (Py)_WR1 .5055161 .3239525 1.56 0.122
Ln (Py)_WR2 -.0424004 .3998636 -0.11 0.916
Ln (Py)_WR3 677731 .5162239 1.31 0.192
Ln (Py)_WD .1138165 .3426699 0.33 0.740
Ln (Median income in 2000) -1.430111 .2749851 -5.20 0.000
Size of population in 2000 (1,000) -.0583599 .0(®98 -5.85 0.000
Square Root (Size of population 2000) 1.181749 44223 9.57 0.000
Per. HH headed by blacks/pardos .0213085 .0144699 1.47 0.144
(2000)

Distance from downtown area (km) .0211316 .0318785 0.66 0.509
Constant 5627719 6.515571 0.09 0.931

Table 15 presents the regression on the naturatitbgh of the quantity of houses where the ownenthe
house but not the land according to the 2000 ceMwrsber of observations = 108 and R2 = 0.8077
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Chapter 6: Discussion

The accelerated urban growth that is taking place in developing ceuatree the
important role played by the informal sector in housing low and mte@reome
households has brought renewed attention to the understanding of the deitsrofina
informal housing and the role played by land use regulations. Wudntly, the
literature either focused on the determinants of housing prickoutiincorporating
the informal sector in the analysis, or described the operatidre ohformal market
without much emphasis on the specific economic mechanisms téttde the
emergence of informal settlements. Some studies have starteddress these
shortcomings in the literature by formulating formal theoalesut the emergence of
informal settlements and by carrying out empirical work to undeds their
determinants. However, there have been conflicting results areddhestill several
unanswered questions about how urban regulation affects formal housieacgpd

informality, and how formal housing price affects or is affected by infltyna

The purpose of the present study was to address some of thesgoms by
investigating three hypothesis: (a) more restrictive land reggilation increases
housing price in the formal housing market; (b) an increase in fdrowsing price
causes the quantity of informal housing to rise; and (c) anaserie formal housing

price in one area causes the quantity of informal housing to rise in neighboring areas
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Overview of the Findings of the Study

The effect of land use regulation on formal housing price

There is extensive literature on this topic and, in general, nubisbra have found
that more restrictive land use regulation increases the pfiéermal housing. To
address some of the shortcomings of previous studies in developing umiyie
research: (i) tested the hypothesis in a local market instead of analyzggr@gated
national market as many studies in developing countries have dones€d a

guantitative analysis to estimate the magnitude of the effeleind use regulation;
(i) treated urban regulation as endogenously determined in tdelmand (iv)

disaggregated the measure of land use regulation to bettes #ssexffect of each

different component of land use legislation.

Some of the results confirmed the original hypothesis. An inciaasenimum plot
area, minimum front setback and minimum frontage decreases thetydenhsi
occupation of land and in this study they show a positive effect on lfdronging
price, which is consistent with the hypothesis that more reg&idand use
regulations increase housing price. But the results for maximurberuwmh floors and
floor-to-area ratio (FAR) are the opposite of what was eepecraising the
possibility that the aggregation of single family houses and faumiifly units might

have distorted the results.
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The effect and spatial pattern of price determination on informality

The second and third hypotheses were the central part of this researcle beesus
still disagreement about the substitution effect between foamdlinformal housing
markets and because there is limited empirical research osubiject. This study
suggests that indeed these two markets are interrelated, butareacomplex form
than initially anticipated. Without incorporating spatial analygsults of the effect

of formal housing price on informality can be misleading.

The results of the present study suggest that in a given locatioimcrease in
housing price decreases the quantity of informal housing in thaidocathich is
contrary to what was expected. However, the study found that meagecin housing
price in a particular location increases the quantity of informal housingghlmaing
locations and this positive effect seems to increase as thigolu& move away from
each other. The results indicate that the positive effectioé mm informality in
neighboring locations is greater than the negative effect on atmee docation,

suggesting that, overall, the effect of price on informality is positive.

A possible explanation for these antagonistic results may be fouadeicent theory
developed by Brueckner and Selod (2008), who argue that formal resatehts
squatters compete for land, with squatters occupying land whererthal fprice of
housing is less than the cost of eviction. In central locations, Férmging price has
become too high for informal housing, increasing the possibility aftiem and

forcing low and moderate income residents to find an informal houslaogos in a

120



more distant location. High prices in central locations, which &erevhigh income
households live, may also be acting as barrier to entry fornoame households,
keeping informal housing out of these areas. These resultsoasgstent with the
exclusionary pattern of occupation of Brazilian cities, whexetral locations are
strictly regulated and occupied by high income households, while urbalatien is

less stringently enforced in the periphery, inviting the informarket to provide

housing for low and moderate income households.

Implications for Urban Policy Practice in Brazil

The review of the practice of urban policies in Brazil showedith#te late 1980s
there was a shift in the formulation of urban policies in Brazie iew Constitution
of 1988 and the Federal Law 10,257 of 2001, known as the City Statute, provided
instruments to make land use regulation more permissive in ardeake housing

more affordable to low-income families.

Now that municipalities are at the center of urban policylegdlation at the federal
level encourages municipalities to review their land use reguolaind make it less
stringent, it is pertinent for practitioners to understand to whk#tne land use
regulation can reduce the price of formal housing and how the priderrofl

housing can affect the growth of the informal housing sector.

This research shows that some land use regulations that altoe density of

occupation can reduce the price of housing, namely minimum plot rareismum
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front setback and minimum frontage. The research also shows tetr@ase in
formal housing price can decrease the quantity of informal housirgeigity as a
whole, although this can’'t be achieved without taking into considerationthisw
relationship changes in the territory. These findings can assaistitigners in better
estimating the cost of land use regulation, informing citizens about theatiphis of
land use regulation revisions, and better targeting urban developmoéotes

according to different spatial patterns of occupation.

This research also reveals the pervasive effect of cgeaticdusionary pockets in the
city. Generally, more permissive land use regulations are allomw@redetermined
areas targeted to the construction of affordable housing. Thedeterained areas
are generally located in the periphery, reinforcing the spatitdrpaof segregation of
the city. Instead, it might be advisable to consider policies thedrbetegrate social
groups in all areas of the city and demonstrate flexibilitlamd use requirements in

all locations.

Limitations of the Study

Scale, Period and Sample Size

Focusing this research on a particular market, namely tbeopolitan area of
Curitiba, had the advantage of avoiding the aggregation bias that ehaexthe
studies that have used a national focus, and provided an opportunity tdanmdiéne
spatial pattern of the variables of interest and their reldtippsHowever, the scale

of this research also comes with its shortcomings. Curitigasisone of several
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metropolitan areas in Brazil and caution should be used when gemgy#hieiresults
from this study to the rest of the country, not to mention to otherlajeng
countries. The south of Brazil, and particularly Parana and Curiginag bistorically
more equitable and having a stronger tradition of planning, hadiactikistory of
urban development compared to the rest of the country. Therefegalesneeds to

be done in other metropolitan areas to corroborate the results obtained here.

Another important limitation of this study is with respect to peeiod of analysis.
Ideally, | would have included two different years in the analisisover a larger
period of time and help compare the results from one period to threanithérack the
changes that occurred between those periods. Unfortunately, faalseagables

there was no information available for an earlier period. This tivascase of the
variables that depended on the municipal cadastres for property toosesir These
variables were comprised of: (a) the assessed value of résidgaoperties, which
was used as the formal housing price; (b) the floor spaceidéntisl properties; and
(c) the property tax applied to residential properties. The regul&ariables were
impossible to get for an earlier period. In several municipaliblder versions of the
zoning map were destroyed after a new zoning map was approvedngnat

COMEC - the metropolitan entity — some of this history could bevered. Now

that several new zoning regulations were approved between 2000 and 200&hand wi

the new census information anticipated in 2010, it will be possibiefacate this

research and compare the results.
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The small sample size is yet another limitation of this stitdyould have been ideal
to have more than 108 units of analysis. For that, a more disaggtegait of
analysis would have been required. It might be possible to deafiales units of
analysis, maybe using the census tract, or a smaller agjgregécensus tract. The
difficulty is integrating this information with the municipal cattas, which are not
generated at the census tract level. Other sources of informatere tried
unsuccessfully. SECOVI, the organization that represents réale eBrms and
collects data on houses for sale, had the same level of aggreggmttenmunicipality
of Curitiba. Caixa Economica Federal (CEF), the federa-stahed bank that issues
mortgages to moderate income families and has a database oftipsopéth

geographic reference. Unfortunately | did not have access to this database.

Measurement and Data

Mentioned above was the difficulty in measuring housing price, urban tieguéand
housing informality in general, but particularly in Brazil. Housing@iis something
that is not directly observed. What is observed is housing expenditirdeuprice
can be estimated by “decomposing” the price of the differénbates of housing
using a hedonic function. To make matters worse, in Brazil very difficult to
observe even housing expenditures, as this information is not readigbévas in
the United States. SECOVI has a monthly database that cdlectsrice asked in
sale ads since 1994. In addition to having a price that isn't religihk database
doesn’t cover all municipalities in the metropolitan area and itokizexr flaws. The

municipal assessment of property values have problems of sediffemture such as:
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an assessment at below market value; areas with outdated malkes; outdated
information about property characteristics; and difficulties getting uniform
information on the characteristics of the properties acrogsatiicipalities. Despite
the problems of this data source, it was used because it wamexs that the

problems affected all areas equally.

Land use regulation is another difficult variable to measurgeneral. Zoning
categories have several land use requirements and exceptidres idet Deciding
which one should be picked to measure the stringency of the reguatdrgnment
is a challenge. In addition, a particular zone or neighborhood digrteaa more than
one, if not several, zoning categories that apply to differendsaiaside the
boundaries of the neighborhood such as: a park that has a protective stahisga
school area that has institutional zoning, residential areas withrad zoning
categories, or commercial areas where residencies avevedll under special
conditions. Deciding which zoning category dominates is a challémgjeis study, a
methodology to arrive at a median density zoning was developed taléelpvith

these challenges.

The problem of measuring housing informality was also mentioned aboge &ad
rich municipalities generally have the best inventory of inféimoaising because it is
generally used for municipal housing policies of slum upgrading alaegation of
irregular land subdivision. The problem is that not all municipalihese the

resources or the political will to carry such an inventory, and those thairdptltem
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with different methodologies and in different years. It is for ttegson that most
researchers use the census data when a study involves more thaonicipatity.
There is general consensus that the census information on informahdousi
underestimates the size of the informal housing sector, but aassamed with the

price variable, it is assumed that the underestimation afédiceseas equally so it

shouldn’t affect the results.
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Appendix | - Summary of the Literature on Land Use Regulation and Houso®iRiDeveloping Countries

Hannah, 1993 South Korea Government permission to land National housing Analysis of National housing price rose more than
Kim and (country, city conversion from rural to urban for price index, housing price  twice as fast as consumer price index
Mills and project  residential use. national land and related between 1974 and 1980 and land
level) price index and series; analysis price is pointed as the main cause of
construction of time series of it. The share of land for residential
material price land use use fell from 11.5% to 8.9% and
index pattern; and residential land per resident decrease
case studies of 20% between 1973 and 1988 due to
five Seoul under- allocation residential land,
development according to authors. Land with
projects infrastructure for residential use was
1.7 to 6.5 times more expensive than
raw rural land and large difference is
result of disequilibrium due to
government undersupply of
conversion permission, according to
authors.
Green, 1994 South Korea A combination of governmental Several price Literature On the demand side, Korea shows
Malpezzi regulatory policies on financing, tax andmeasures used in review rising aggregate demand for housing
and land use. the literature due to growth in urban population,
Vandell reviewed household and income. Similarly to

US, demand for housing seems to be
responsive to income and price, with
elasticities below 1. On the supply
side, studies found housing to be price
inelastic, explaining price rise with
rise in demand. In addition to
geographical barriers, a main factor
explaining inelastic supply of housing
is urban regulation and policies
affecting land development
(limitation on land conversion, green
belts, tax on intensive land use) and
housing finance (credit constraints to
housing finance)




Bertaud 1996 Ahmadabad, Floor Area Ratio (FAR) Land price Density Comparison of Author concludes that FAR restriction
India gradients gradients density and distorts land prices, showing that in
land price most markets where land market
profile in operates well, there is correlation
Ahmadabad between density and price gradients
and in cities while in Ahmadabad there is
where land use discrepancy.
density is less
restraint.
Brueckner 1996 South Apartheid Land Use Restriction Theoretical Removal of apartheid land use
African cities model based on restriction, blacks compete for land
urban model close to employment center,

developed by
Alonso (1964)

displacing whites. Blacks have
welfare gain because of decrease in
commuting cost, while whites suffer
welfare loss because of longer
commutes. Landowners benefit
because of increase in total land rent
due to greater competition, this gain is
greater than whites’ losses, so there is
aggregate welfare gain from removing
apartheid land use restriction.

Mayo and 1996 Malaysia,
Thailand and comparing three countries: South Koreaprice indexes for
South Korea being the most restrictive; Thailand, the each country

Sheppard

(country-
level)

Level of regulatory restrictiveness,

least; and Malaysia the intermediate.

National housing

Income, factor
prices for
housing
production, and
the price of
other goods

OLS and
autoregressive
least squares to
find price
elasticity of
supply for
housing. Also
uses a recursive
model to
estimate the
change in price
over time.

Results show that Malaysia and Korea
had low elasticities of supply, while
Thailand had high elasticity. The
recursive model showed that although
Korea and Thailand were relatively
stable over time, Malaysia had high
elasticity in the years immediately
after the adoption of more restrictive
planning system, but over time supply
became less elastic.




JET

Malpezzi 1997 Malaysia, Estimates cost of: (i) percentage of National housing Similar to Cost-benefit The cost-benefit analysis indicates

and Mayo Thailand, saleable area (area that is sold after ~ price indexes Mayo and model using that interventions add about $4,000
and South subtracting requirements for road size, Sheppard presentvalue  (Malaysian) to developer’s cost. The
Korea setback, and community facilities); (i) (1996) analysis asin  cross-country comparison indicates
(country- approval time; (iii) building code Bertaud and that Malaysia and Korea have
level) requirements and regulation encouraging Malpezzi inelastic housing supply curves and

sales to special ethnic groups. Malaysia (2001) and Thailand has an elastic curve, similar
is compared with Thailand (less model similar  to the United States.
restrictive) and South Korea (similar to Mayo and
restrictiveness) Sheppard
(1996) for the
three country
comparison
Somekh 1999 Diadema, SP Special Area of Social Interest (AEIS) —Not shown Not clear Author concludes that AEIStieé
Brazil zoning areas designated to the decrease in the price of land located
construction of social housing with less in areas designated as such, because
restraining regulatory requirements. of increase supply of land allocated to
this use, but author doesn’t provide
any evidence of it.

Angel 2000 Global cross- Regulatory Regime Index, a composite Housing price Log of oLs A more enabling housing policy
country measure of three indicators: permit index, housing household environment significantly lowers
analysis of delays, minimum lot size, and minimum rent index (both  income, city housing price index, housing rent
38 or 45 floor area. The last two indicators were normalized by a  population index in countries with little or no
countries normalized by dividing them by the construction growth rate, rent control and weighted housing
depending on median house size. quality index), housing credit price index in countries with little or
the model The regulatory index and four other and weighted portfolio, no rent control.
used indexes (property rights regime index, housing price construction

housing finance regime index, housing
subsidy index, and residential
infrastructure index) were equally
weighted into a composite index, the
Enabling Index

index (a
combination of
housing price
and rent indexes)

cost-to-income
ratio, land cost-
to-income ratio




[ET

Bertaud 2001 Malaysia Authors identify what they believe are Cost-benefit Under current regulation for low
and (project- the two most important indicators of model of land  income developments, only 44% of
Malpezzi level) urban regulation: floor area ratio (FAR — use and related the land is saleable and FAR is only
building’s total floor area divided by regulations, 0.23. As a consequence, developers
area of land plot) and percentage of where benefits  have a profitability that is 15% below
saleable area (the area that can be sold are roughly the baseline of a middle income
after taking away areas required for estimated development.
public use such as streets, public schools comparing With suggested reduction in road
and parks). current width, elimination of black alleys and
regulation and  reduction of corner setback
practice to a requirements saleable area rises to
baseline based 55% and FAR rises to 0.41. These
on market changes make profitability rise 17%
comparison and in comparison to the baseline of a
“international middle income development.
practice”.
Bertaud, 2003 Mumbai, Floor area ratio (FAR) Use the same Simulation analysis shows that FAR
Buckley India theoretical and increases the edge of the city by 4 km
and simulation and, as a result, increase commuting
Owens model used in  cost by14% of per capita income.
Bertaud and This cost is regressive: the cost for the
Brueckner first income decile is 10% in
(2004) Bangalore and 22% in Mumbai
Bertaud 2004 Bangalore, Floor area ratio (FAR) Theoretical Theoretical part shows that FAR
and India approach using limits population density in the center
Brueckner standard and causes the city to sprawl,
monocentric- resulting in an increase in commuting
city model to cost. Simulation analysis shows that

show how FAR
restrictions
affect land use;
and simulation
analysis to
predict changes
if FAR
restriction was
removed.

removing FAR restriction would
increase population density near the
center of the city, reduce the edge of
the city by 2 km and, as a result,
reduce commuting cost for residents
living at the edge. The commuting-
cost saving is estimated to range from
3.3 to 5.0% of per capita income and
between 3.0 and 4.5 % of household
consumption.
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