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Abstract

The regional income disparities in Braarle weltknown. Since the 1930s, such
income disparities have declined only slightly. This thesis combines traditional
economic theory with insights from regional science and economic geography to
explain the development pattern in Brazil throughout t@i 2entury, using a

wide range of data sets. It contributes to the consolidation of the field of New
Economic Geography because some tools employed in this thesis have not yet had
widespread use in the literature. The thesis also brings new insighthefor t
understanding of Brazil 6s devel opment pr
that there has been almosttimen var i ant spatial autocorrel
process that impedes the lagging regions from catching up. The reason for this is
that here is a clear cluster of contiguous rich regions (Southeast and Bauth)

the core- characterised not only by high real income levels and high market
potential, but also by the fact that they have the largest markets and are the
platform of the global economyin Brazil. In contrast, there is another cluster of
contiguous poor regions (North ahbrtheast) the periphery that has low real
income levels, low market potential and low market access. The agglomeration of
population and economic actiyitexplains the observed concentration pattern.
Although there were some efforts made through regional development policy to
narrow the gaps amongst the regions, the agglomeration forces are very strong in
Brazil. The creation of Brasilia did not offset sleeagglomeration forces, partially
because lacebased policies mattefhe creation of Brasilia obviously had major
implications forBrasilia itself, but did not offset the agglomeration forces that led

to the dominance of Sao Paulo. Similarly, investméntotherlagging regions

may not offset the advantages of Sdo Paulo and Rio de Janeiro, but they may
improve economic conditions in the lagging regions themseivemcome

transfers or subsidiese dondor efficient industries
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CHAPTER 17 INTRODUCTION

1.1. Problem statement

Brazil is a Federation of 27 Statdscated in South America. It shares a border
with most of this regionds countries,
Venezuela, Colombia and Peru in the north; Bolivia and Paraguay to the West and
Argentina and Uruguay in the South. At its East €dias the Atlantic Ocean.

With a total area of about 8.5 million square kilometres, in 2010, its population
was around 191 million inhabitants and ieal GDP was approximately BR$
3,678 billion (in BR$ of 2000)

Figure1.1:Br a z i | i n South Americads

Trinidad and Tobago
Guyana

French Guiana

South Pacific Ocean

Souith Atlantic Ocean

4= Falkland Islands

Source: www.infoplease.com/atlas/southamerica.html

! When considering Distrito Federal as a state.

®The average commercial exchange rate BR$/US$ in 2010 was about R$ 1.76 per US$. This leads
to a 2010 Real GDP of around US$ 2,090 billion (see IPEA). GDP data and population data are
from IPEA (nstitute ofApplied Economic Researtlnd IBGE Brazilian Institute of Geography

and Statistics

n a



Brazil is weltknown for having regional disparities among the highest in the
world (SilveiraNeto & Azzoni, 2006 and the references thereirfegional
inequality is importanto studygiven that it limits growth potential and well
being across regionsThis thesis explains the problem of uneven regional
economic development in Brazil. The understanding of this problem is important,
especially fo Brazil, a country where regional concentration of income and
economic activity is almost timeless. For example, the share of income and
popul ation (as a percentage of the natio
two most developed regions were alolws. The southeast region and the south
region accounted for around 63 percent and 56 percent, and 16 percent and 17
percent of the nationds &DRhraspecttbth8 9 and
population, these two regions were quite stable as waaljjing from around 44
percent to 42 percent, and from 12 percent to 15 percent from 1940 to 2008,
respectively.
The changes for the other regions were also only $lighte north and
northeast regions accounted for 3 percent and 5 percent, and &ntpand 13
percent of t he nati onos GDP i n 1939 a
population, the shares of these two regions doubled from 4 percent to 8 percent
and declined from 35 percent to 28 percent from 1940 to 2008, respectively.
When considering th metropolitan area data, the situation of a relatively stable
pattern of concentration is quite similar: only two metropolitan areas, Sdo Paulo
and Rio de Janeiro, together, concentrated around 32 percent in 1939 and 26
percent i n 200 8.Howevert theee hasdeen atwaiokd ra@amt
concentration of population in these two metropolitan areas for which, when their
populations are considered together as a percentage of the national population,
there has been an increase from about 9 percd®did to 19 percent in 2008.
Regarding differences in |living standat
per capita income to the nationbs are a
regions from 1939 to 2008 as follows: 1.39 to 1.32 for the southeast; 1.26 to 1.14
for the soub; 0.53 to 0.64 for north; and 0.48 to 0.47 for the northeast. At the

’See Braziloés regions in Figure 2.1, section 2.2
*The only region that appears to have had a relatively large change is Misstléalso called
Centrewest ). This regionés shares varied from 2 per

from about 3 percent to 7 percent from 1940 to 2008 for pdpnlednd from around 0.80 to 1.27

from 1939 to 2008 for the ratio between this re
changes appear to be correlated with the Brasilia creation in the late 1950s. The economic effects

of the creation of Brasilia Wibe analysed in detail in Chapter 6.

2



metropolitan area level, these ratios varied from 3.88 to 1.78 for S&o Paulo and
from 3.51 to 0.88 for Rio de Janeiro. Overall, the disparities in income, population
and living standardsn about 1939 resemble those observed in 2008 for these
three indicators. Therefore, from 1939 to 2008, the changes in regional disparity
for those three key socieconomic variables seem to be insignificant, especially
for data at the regional and stéeels.

Moreover, aalysing the 20th century, Marcelo de Paiva Abreu states that,
n(é) overall, despite its structural c ha
position [in the worl d] remaiHoweverunchang
Br az i ltignshas pngoeved hugely since 2000: in contrast toreal GDP
growth rate of 17 percent only freabm 1991
GDP growth rate was 35 percent ($&®apter 2 of this thesis, Table 2.1). These
growth rat es GBRtbhrecmwmeadaméng thehigheét . the world and
Brazil is expected to overtake Britain in 2011 as the r | d 0 sargesti x t h
economy. Considering that better regional equity in Brazil would increase growth
rates for the regions lagging behind, narrowitteome gap between the regions
as a consequence and also improve overall-baiig, the outlined evidence is
also consistent withindings of econometric modelsConsequently, tadies to
explain regional disparities in Brazil, considering varisub-periods since 1939,
have demonstrated a slow, rather than fast, income convergence nationwide or
just within the regions (see, for instance, Ferreira, 200gditées, Hewings&
Azzoni, 2005 SilveiraNeto & Azzoni, 200%. This pattern is consistent tithat
observed in Omany arenas of the gl obal €
2004, p. 6)

1.2. Background and Research Obijectives

The study of regional income disparity in Brazil has typically taken four
approaches. These approaches mostly use ddte ahacreregional and state
levels. The first approachwhich is essentially descriptivefinds that for the

whole period consideretheregional disparities are quite stable because changes

® See, for instancehttp://www.economist.com/blogs/dailychart/2011/11/facus

3


http://www.telegraph.co.uk/finance/globalbusiness/8860417/Brazil-to-overtake-UK-as-sixth-largest-economy.html

in the regionsd s hrasmalgRolimR008;Bemes)2002) onds G
Concluding the analysis of development in Brazil, Gomes (2002, p. 25) states:

In the pleasant side, there has been convergence of per capita

GDPs among the Brazilian states, although this has not been true

for every subperiod betweet®47 and 1999. As to the official

regions (North, Northeast, Cendéfest, Southeast, and South), the

trend is less clear, the more so because of troublesome Northeast.

All'in all, in the last haHlcentury, growth at a reasonable speed has

been the rule fostates and regions. Social conditions have also

improved everywhere. The bad news is that disparities, be they

economic or social, among regions, states, and municipalities

remain great. Theworaut expression Athe two Br a:
as anyone catestify looking at the map with p. c. GDPs of the
countryo6s municipalities: a divide be
North is easily seen. And, worse than all this, in the last fifteen

years or so, convergence among state p.c. GDPs has stopped, if not

been reversed.

The second approach employs traditional econometric models, namely
neoclassical growth moddBérro & Salai-Martin, 1992,2004). First, it finds that
while inequality within the (macro) regions falls, between the regions it increases.
Secondly, absolute convergeniceincomewas in place until the 198@ssince
then, the convergence process is stable (Azzoni, [49B&rreira, 2000). As
Ferreira (2000, pp. 48485) points out,

(¢ ) In the 1970s, a decade of generally high rates ofcapita
income growth, convergence was restricted mainly to the states
located in the soutkast, south and centre west regions (only in
five of the 15 states located in the north and re#dst, the poorest
regions, the per capita income gap with respecthe national
average was reduced in this period). After 1980, simultaneously to
the dramatic reduction in growth rates, the speed of convergence
among the rich states decelerated, while the poor states, in the
north and nortfeast, started to catch ups A consequence of these
different influences, the estimates of the speed of absolute and
conditional convergence moved in opposite directions between the
two periods.

The third approach employs Exploratory Spatial Data Analysis (ESDA)
without a1y regression modeding (Mossi, Aroca, Fernandez & Azzon2003;
SilveiraNeto & Azzoni, 2006; Gondim, Barreto & Carvalho, 2008)chstudies

® For examp#, Rolim (2008, p. 7, Table 1) found that from 1985 to 2004 the highest change in the
regional share was that for the southeast reg#id, percent (see also Gomes, 2002, p. 10, Figure
2).
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found two income clusters in Brazil: a cluster of low income in the northeast and
another of high income in the southeaeyalsofoundthat states with wealthier
neighbours are more likely to grow faster. So, there is no evidence of national
convergenceFinally, the fourth approach, which is scarce in the literature,
acknowledge the role of space and estimates bothtiapand conventional
econometric models. This approach finds that after introducing spatial dependence
in the analysis of the regional disparity, the convergence rate of income per capita
is higher and also that therevieabeen clubs of convergence due dpatial
autocorrelation i n aBattéaszHelidgs & Azroni,v200B; pr oc e
SilveiraNeto & Azzoni, 2006 Resende, 20)1 Indeed, Magaltdes, Hewings &
Azzoni (2005, p. 17) note:

(é) it is possible to infoegh from the
some convergence among states is taking place, it seems to be

more of a regional phenomenon or perhaps some type of club

convergence than a global convergence process. States like Séo

Paulo would be a dominant force in one club while the Northeast

staes would form a second group or club.

Moreover, by means of a multiple spatial scales study, Resende (2011, pp.
650-651) found for the period 1992000 that the dispersion of per capita income
decreased 13.2 percent for clubs of rich regions and increasquei@éntfor
clubs of poor regionégn Brazil. In other words, two conclusions can be drawn
from the evidence of thedeur approachesn the literature First, thatnational
convergence is uncleaand depend on the chosen sdberiod of analysis.
Secondy, irrespective of the approach usékre is a consensus that the found
convergenceateis very small, whichmakesregional disparities almost timeless
and generates a clear pattern of goedphery Brakman, Garretse& van
Marrewijk, 2001) The objective of this thesis is to demonstrate the role of second
nature geography ithe growth of regions in Brazil. In doing so, this study argues
that the latter twditeraturea ppr oaches outl i ned above ex

disparities more thathe former two.

"These studies also employ a Barro & Salldartin (1992) growhh model, but have a merit of
incorporating spatial interactions in their regression modelling.
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1.3. Thesis Relevance
The development of regions can be explained either by first nature geography or
second nature geography, or by both. Historically, traditional economic theory
explains growth and devel ogeougeaphy onty.f regi o
The nAafirst natureo geography factors i n
quality, natural harbours, and navigable rivers; to these factors are added
exogenous factors (e.g. culture, type of management, etc) that lead to differences
in technology and institutions across regions (Krugman, 1991a, 1991b, 1998;
Brakman, Garretse& van Marrewijk, 2001;Mellinger, Sachs & Gallup, 2003;
Hanson, 2003; Poot, 200Bpsker, 2008). Many regioriagging behind in Brazil
are endowed with mostofthce Af i r st natureod geography
t hat the traditional economic theory fa
geography to explain regional disparities.
However, the regional science and economic geography literature also
conside the role of second nature geography. The second nature geography
factors are a result of interaction between agglomeration forces and diffusion
forces within and among the regions. Agglomeration forces include access to
large markets, the presence ofaagk variety of goods and services, and an
efficient labour market. Diffusion forces involve congestion, pollution, high
competition between goods6 suppliers, an
regions such as land and buildindde{linger, Sachs & @llup, 2003; Hanson,
2003; Poot, 2004Bosker, 2008). It is the interplay between (some of) the
el ements of the two finatureso of geograpl
This thesis is important in four respects. First, it considers elements of both
if i rst natureo geography and fAsecond nat
economic disparities in Brazil. Secondly, although some of the tools of analysis
employed are considered by the international literature, their use in this thesis for
Br az i hong histocyads original. Thirdlyseveral previous studies clearly
pointed out the regional disparities and concentration of economic activities in
Brazil, but they do not explain Brazil s
fact that, irrespecte of the performance of the national economy, the gaps
between regions essentially do not narrémally, some of the tools used in this
thesis (for example, the application of the corrected power law method in the

analysis of city size distribution ugirongitudinal metropolitan area data; spatial



shift-share methodology, etc) have only received analytical attention in the
international literature and lack empirical application. At most, their use is in an
experimental phase and is not yet widespreacefopirical investigation among
scholars. Thus, it is hoped that this thesis will bring more consensus related to the
validity of these techniques in the theoretical debate in the fields of regional

science and economic geography.

1.4. ThesisHypotheses and Rsearch Questions

This study asks the following questions:

(1) Why is there still significant concentration of economic activities in Brazil?

(2) Why, in a span of 70 years, has there been no clear sign of a fall in the

disparity of the three key soegconomic indicators as shown in 1.1 above?

The posited answers to these questions,
are:
(1) The essentially timénvariant pattern of concentration of economic activities in
Brazil holdsbecauséhe patterns of spatial interactions among regions have not
been changed significantynce the Second World War and earlier
(2) The economy needsimultaneous shocks (i.eore placebased policiesto
significantly reduce concentration in Brazil;
(3) The mechanisms ofhe growth processannot be clearly detected, so, it is
difficult to understandhow they function in Brazl
The rich and accessible databases from IPEA and IBGE allow for application of a

set of techniques outlined below to test these hhgsas.

15. Research Methods and Data Sources

This thesis combines tools of the traditional economic theory with those from the
regional science and economic geography literature. From these frameworks, the
thesis is able to evaluate and test whether thelistatf the spatial / regional
concentration holds in Brazil. To test this regularity, a set of tools has been
employed. The quantitative methods are as followsth{&)neoclassical growth

and convergence methoBgrro & Salai-Martin, 1992 2004;0zgen,Nijkamp &
Poot,2010, (2) the power law for size of citie&Sébaix, 1998, 199%; Overman

& loannides, 2001 Gabaix & loannides, 2003pannides & Overman, 2003;



Anderson & Ge, 2005¢Gabaix & lbragimov, 2006So00, 2005, 2007; Cordoba,
2008; Bosker, 2008; TheNew School, 2010 (3) the classic shifshare
methodology (Andrikopoulos, Brox & Carvalho, 1990; Selting & Loveridge,
1994; Ray & Harvey, 1999)inc, Haynes& Qiangsheng, 199&inc & Haynes,
1999, 2005; ‘asin, Alavi, Sobral & Lisboa, 2010), (4) exploratory spatial data
analysis of the shifs har e ¢ o mp o nleandt cluster aalysigMprans
1950; chrane & Poot, 2008nd (5) spatial sh#share Nazara & Hewings
2004 Mitchell, Myers & Juniper2005), (6) theSeemingly Unrelated Regression
(SUR) models Zellner, 1962)for the levels of GDP, GDRper capita and
population and for growth of GDper capita, as well as spatial GDP per capita
growth models(Barro & Salai-Martin, 1992 2004; LeSage & Pae, 2009
Ozgen, Nijkamp& Poot,2010. The thesisemploysquantitativemethods and uses
secondary data obtained mainly from IPEA and IBGE

1.6. Structure of the thesis

Chapter 2 outlines the regional science and economic geography theories, as
opposedto the traditional economic theorylt uses a variety of indicators to
illustrate why the former two theories explaime regional disparitiesn Brazil
betterthan the lattewhich has two main literature brareshas pointed out in
section 1.2)With the support of theoreticahterpretatiorof the evidence, lte key

finding is that the lagging regions in Brazil are so because their disadvantages in
fisecond natuegeography outweigh their advantagesifinst naturé geography.

One of the most importanieenents of economic geography theory related to
fisecond natuegeography is increasing retgrio scalethat arisen a situation of
amarket of monopolistic competition due to agglomeration of economic activities
(Krugman, 1991a, 1991bJhe effects of sch agglomeration on regional growth

are analysed in th€hapter 3which employsthe Glaeser, Kallal, Scheinkman &
Shleifer (1992) modednd relatedeminal work(Henderson, Kuncoro &urner,

1995; Combes, 2000) to test whether agglomeration externalities, such as those of
MarshaltArrow-Romer (MAR), Porter and Jacobs(Marshall, 1890; Arrow,

1962; Romer, 1986;Jacobs1969 Porter 199Q De Groot, Poot and Smit, 2009)

play a role inegional growthinBrazilFr om a range of model so

8 The software packages used in chapters 2 to 6 are Microsoft Excel and Stata, except in chapter 4,
in which besides these softwares were also used Geografitiméition System (GIS).
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line with MAR and Porter theoretical frameworks, the evidence suggests that
specialisation is important for regional growth in Brazil.

The concentration of economic activity pgsitively correlated with market
potential (or market scale, or home market effect) (Krugman, 1995). Chapter 4
tests the regularity of market potential over théh2@ntury for the urban areas of
Brazil by the power law (or the rasdize rule), which wasriginally introduced
by Pareto Gabaix,1999a,199%; Gabaix & Ibragimov, 2006; Eeckhout, 2004,
2009; The New School, 2030Despite strong political aspects (e.g. dictatorship,
19401945 19641984; democracy, 1945964; 19892008), economic (closed
ecawomy, 196484; trade liberalisation, 1982008), waves of immigration (e.g.
the late 1930s) and internal migration (e.g. the creation of Brasilia) that shaped the
city size distribution in Brazil, the power law still holddhis stochastic growth
processn Brazil was also confirmed by application of panel unit root tests for the
whol e sample which provided evidence for
finds that although the absolute value of the power parameter is smaller than 1
(oneisthelevelprediced by its speci al case, Zi pfds
1, indicating an increasing concentration of population in the 100 largest urban
areas in Brazil, which is consistent with the found positive correlation between
growth of the 100 largest urbaareas and their initial sizes since 1940. The
findings from the power law provide new insights for the understanding of
concentration of economic activity (or, interregional variation in the market
potential). This indicates that, unless a significant eregus shock occurs, a
large variation in size of cities for a certain size threshold is expected in Brazil.

Chapter 5 uses the traditional stsftare method to analyse growth of
empl oyment i n regions (stat es)ee,dof Brazi
example,Dunn, 1960; Estebaklarquillas, 1972 Arcelus, 1984; Berzeg, 1978,
1984; Haynes & Machunda, 1983elting & Loveridge, 1994Dinc, Haynes&
Qiangsheng, 1998Dinc & Haynes,1999; Fotopoulos, Kallioras & Petrakos,
2010) The key finding isthat north and centr@est states grew fastest due to
better industrymix '® and competitive effectsAs the regional science and
economic geography literature pay particular attention to the effect of spatial

interaction on growth of regions, this chaptkoaapplies the standard techniques

® This includes the traditional power law and its corrected version.
9 This is consistent with their lowest averageslirschmanHerfindahl Indexcalculated across
sectors within the states from 1981 to 2006.
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of the &ploratory spatial data analysis (ESDA)s uc h a s | aid Maam 6 s
scatterplots(Getis, 1991; Anselin, 1995; Cochrane & Poot, 2008;Gallo &
Kamarianakis, 2010 for two shiftshare components, the indusimyx and
competitive effects, both of which show a positive spatial autocorrelation. The
analysis is complementeldy the most recent development of the skiifare
method Nazara & Hewings 2004, which directly incorporates the role of
neighbaur regions fore g i o n s Ofrorg whichvit was found thahe states that
grew fastest usually perforedwell in the potential spatial spillovexffect and in
the spatialcompetitive effectThe latter findings and those from ESDiAstrate
therole ofgeographical locationfor regional growth in Brazil

Chapter 6 uses the urban areas definedhiapter4 to testfor the economic
effects of the creation of Brasilia city. Chapter 6 ties up the empirical law
confirmed inChapter4 (the power law) with growth of region$wo hypotheses
are tested, ithe regional development policgnd ii) the agglomeration forces
theory. This thesis test allows for evaluation of whether the effects of
agglomeration forces (that cause concentration of income and population in the
two largest cities of & Paulo and Rio de Janeiro) confethby the power law in
Chapter 4more than offset the effects of large scale regional development policy
(the creation of Brasilia) on the pattern of economic activity established before
Br as i lafioa @sugman, ¥994; Krugman & Venables, 1995; Skilling, 2001;
Crawford, 2004; Poot, 2004; McCann, 20092hapter6 is a natural experiment
as Br asi | iamegogendus shdackhcreatedibg policy makers to change
the pattern of concentration etonomic activity from the southeast and south
regions as well as from coastal Brazil to the countryside. The creation of Brasilia
and the underlining events mark amportantc hange i n Brazil s d
process: before 1956 Brazil was essentially araréan country, but after that
year, and along with the development polices (industaigdin, infrastructure
development, and urbasation) that took place under the term of President
Juscelino Kubitschek (195696 1) , t he countryl6s industri

Using seminal neoclassical works in growth and convergeBaed& Sala
i-Martin, 1992 2004; Ozgen, Nijkamp& Poot, 2010 and employing different
model s6 specifications, Chapter 6 shows
model holds for Brazil. Th&ey findings of this chapter are that even though the

convergence model holds (however, again, the convergence rate is small and falls
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from about 3 percent to 1 percent from 1949 to 2008), Brasilia either had no effect
or had a crowdingut effect on thespatial pattern of economic activities
(measured by GDP per capita) in Brazil, impeding growth of its neighbour
regions. After the 1960s, Rio de Janeiro lost importance, with a recovery in the
late 2000s. In 2008, Rio and S&ao Paulo had a simailaach dter positive effect

on growth of GDP per capita of their neighbour regions. The increased
importance of the largest city of Sdo Paulo is confirmed by an increase in the
significance level (from 1949 to 1970, and stable since then) of its positive effect
on growth of neighbouring regions. This finding, therefore, implies that the effects
of aggl omeration forces more than off set
creation, something that the policy makers did not expect.

Finally, Chapter 7 summarises timain findings of the thesis. It evaluates the
extent to which the regional science and economic geography frameworks better
explain the persistence of high concentration of income and of economic activity
in Brazil, briefly considers policy implicationd the findings and their caveats,

and the avenues for future research.
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CHAPTER 2 - ECONOMIC GEOGRAPHY AND UNEVEN REGIONAL
SOCIO-ECONOMIC DEVELOPMENT IN BRAZIL

2.1. Introduction

This chapter describes the regional economy of Brazil. In doing so, it argues
that (under)development of Brazilian regions obeys spatial patterns. This
argument illustrates the limitation of the mainstream neoclassical economic theory
which ignores that @momic activities are not homogeneous in space (Krugman,
1991a, 1991b, 1998Brakman, Garretser& van Marrewijk, 2001 and the
references thereiVlellinger, Sachs & Gallup, 200Fujita & Krugman 2004).

However, in recent decades, many scholars haveme=d the importance and
implications of space for the distribution of economic activities and growth of
regions(Anselin, 1995;Nazara& Hewings 2004 AutantBernard, Mairesse &
Massard, 2007; LeSage & Pace, 200ehe question asked here is: why are th
north and northeast regions of Brazil, considering the selected socioeconomic
variables below, the less developed in the country?

This chapter demonstrates that statesbo
the fact that t he agebgraphnytaee gners tham Dffsefli byi r st r
di sadvant ages o f Asecond natureo geogr a
example, even though northeast states are coastal states, they still lag behind due
to their problemswith the second nature geography; that igytlhannot benefit
from agglomeration or cluster economies that arise as a result of economies of
scale and increasing returns at the firm level, due to lack of market access, given
that they are located far from the biggest national markets of Sdo PauRian
de Janeirt. Within the overall structure of this thesis, this chapter is important
for two reasons. First, it uses the most extensive and updated regional data in
Brazil; secondly, it provides theoretical explanations for regional disparities in
Brazil. These aspects contrast previous descriptive studies which even though
they do make an effort to analyse data, they do not relate these data to the
pertinent economic theory. The theoretical approach usdkis Chaptelis the

" The ideas discusséd thisFujita& Kr ugmandés paper are similar to tt
of a chapter by Krugman i@lark, Feldmar& Gertler (2003).

2 This problem is known in the literature as a problem of Peripher#iity.a discussion of its

implications for growth both at regional and national levels, see McCann (2003) and the references
therein,Poot (200 nd Hanson (2003). The | atter author doe
the explanations for agglomerati@f economic activity that he provides in some sections of his

wor k, focusing on the United States, i mply the
former two authors.
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new economic geographiKiugman 1995 McCann, 2003; Bosker, 2008hich
highlights that differences in performance of regional economies depend on
location factors such as first nature geography and second nature geography.

The first nature geography factors include natuweslources, climate, soil
quality, natural harbours, and navigable rivers; to these factors are added
exogenous factors (e.g. culture, type of management, etc) that lead to differences
in technology and institutions across regions. The second nature dgograp
factors are a result of interaction between agglomeration forces and diffusion
forces within and among the regions. Agglomeration forces include proximity to
large markets, the presence of a large variety of goods and services, and an
efficient labour narket. Diffusion forces involve congestion, pollution, high
competition between goods6 suppliers,
cities such as land and buildindddllinger, Sachs & Gallup, 2003; Hanson, 2003,
pp. 479481; Poot, 2004, pp.-X0; Bosker, 2008, pp.-X). This chapteris
organisedas follows.The next section brieflgescribes the data used and their
sources. Sectior2.3 discusses the indicators selecfedLastly, section2.4

provides the concluding remarks.

2.2. Data and Sources

To show and discuss the scale of economic concentration in Brazil, the
regional variation of the following soceconomic indicatords consideed
income as measured by GDP shaedby per capita GDP; total population and
population density (or market scale); share of economically active population in
total population (or labour force participation); human capital proxied by
education levels (or knowledge intensity); potential uneympkent rate (or
resources underutgtion), average total employment, and labour productivity
measured by total product (GDP or output) per worker (or efficiency and capital
intensity); share of manufacturing employment in the total economically active
population (or manufacturing concentration or industs@ion); size of
manufacturing firms; electricity consumption per inhabitant as a proxy for
economic activity (or, resource intensity); poverty rates as measures for a negative
home market effect (oregrivation); and the Gini Index as a measure of inequality

(or fairness).These indicatorgre consideed at the national, regional, and state

13 This selection was determined by data availability.
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levels of Brazil (for states and regions of Brazil, see Fi@utg The data used
were obtained from two 6fial data sources in Brazil: IPEA Instituto de
Pesquisa Econémica Aplicada (or, Institute of Applied Economic Research
www.ipea.gov.by and IBGEI Instituto Brasileiro de Geografia e Estatistica (or,
Brazilian Institute of Geography and Statistiesvw.ibge.gov.br). Both sources

are rich in regionasociceconomic data abo#razil.

Figure 2.1: States and Regions in BradZil

by

Brazil's
Regions & States
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Federal
(Brazilia)

M Hortheast
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do Sul
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Note: Center West stands for Centnest.

Source: http://www.brazilmycountry.com/brazihap.html#regions%20map

1n this thesis, middlevest and centravest expressions are used interchangeably
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2.3.Descriptive Results
2.3.1. Gross Domestic Product, GDP

Total GDP data (see Table 2.1) indicate that there is great disparity in the
proportion of national income across states and regions. However, there is
evidence of convergence in the form of a decline in the share of Sdo Paulo, Rio de
Janeiro and Minas Gais. In 1939, S&o Paulo alone accounted for approximately
onethird of the national GDP. When considering the location of this state,
southeast, it is found, in 1939, that just three stat88o Paulo, Rio de Janeiro,
and Minas Gerai$ represented moritan 60 percent of the na
the other hand, there were a limited number of states that had similar income
shares. For example, Table 2.1 shows that only Rio Grande do Sul achieved an
income share comparable to one of the states in the ssutieggon, namely
Minas Gerais. Outside of the southeast and south regions, the two states that had a
considerable income share are found in the northeast. These states are Bahia and
Pernambuco, both of which had almost identical shares in national income
1939. Overall, the southeast and south regions, together, accounted for
approximately 80 percent of income in Brazil at that time (see Table 2.1).

Except for some convergence, with the share of the southeast and south
declining to 73 percent by 2008\e described pattern did not significantly change
from 1939 to 2008 Most changes observed were small changes within the
regions. For example, in the southeast, Sdo Paulo and Espirito Santo increased
their national income shares at the expense ofafossBi o de Janeirods
Geraiso6s national i ncome shares. This si:
the leading state of Rio Grande do Sul, lost rather than gained its national income
share at the expense of Parand and Santa Catarina whichcleases in their
national income share, but the overall share of income for the southern region
remained practically unchanged between 1939 and 2008.

Outside the southeast and south regions, Bahia managed to keep its share in
national income, Pernambo faced a halflecline, approximately, in its share
from 1939 to 2008. Other north, northeast, and cemé®t states kept very low
income shares, except the young Distrito Federal. This state, from almost zero
share in 1960, reached a share comparaliteatoof Bahia State in 2008. Bahia is
an old and prominent state in the northeast. Overall, evidence shows that there has

been a modest convergence over the period, but this convergence process seems
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to apply between the regions only, rather than witha regions and the nation
simultaneously (see alddossi, Aroca, Ferndnde& Azzoni, 2003.

Even though the southeast experienced a decline in its share, it still has the
highest share (see Table 2.1). The increase in north and raddteshares
coincides with a fall in northeast share. The northeast region, however, is a
backward regionThis pattern is known in the literature as Kuznets hypothesis
which argues thatluring thedevelopment process of a country, the regions (or

groups of people) that havewer shares of income in the early stages of the

countryodos devel opment tend to increase

inequality (Kuznets, 1955).

Table21l:Evol uti on of States a+#@8 Regi ons?®b

State 1939 1950 1960 1970 1980 1991 2000 2008
Acre - - - 0.13% 0.12% 0.13% 0.15% 0.22%
Amazonas 1.09% 0.72% 0.85% 0.69% 1.11% 1.68% 1.71% 1.54%
Amapé - - - 0.11% 0.08% 0.16% 0.18% 0.22%
Pard 1.57% 1.00% 1.38% 1.10% 1.55% 2.04% 1.72% 1.93%
Rond6nia - - - 0.10% 0.27% 0.42% 0.51% 0.59%
Roraima - - - 0.03% 0.04% 0.09% 0.10% 0.16%
Tocantins - - - 0.00% 0.17% 0.18% 0.22% 0.43%
North Region 2.66% 1.71% 2.23% 2.16% 3.34% 4.71% 4.60% 5.10%
Alagoas 0.91% 0.85% 0.81% 0.68% 0.66% 0.71% 0.64% 0.64%
Bahia 4.45% 3.78% 4.23% 3.80% 4.33% 4.40% 4.38% 4.01%
Ceara 2.09% 2.09% 1.96% 1.44% 1.54% 1.83% 1.89% 1.98%
Maranhdo 1.25% 0.79% 1.10% 0.82% 0.84% 0.81% 0.84% 1.27%
Paraiba 1.33% 1.47% 1.42% 0.71% 0.65% 0.85% 0.84% 0.85%
Pernambuco 4.41% 3.86% 3.47% 2.91% 2.53% 2.89% 2.64% 2.32%
Piaui 0.87% 0.43% 0.41% 0.37% 0.38% 0.46% 0.48% 0.55%
Rio Grande do Norte 0.79% 0.90% 0.89% 0.54% 0.63% 0.78% 0.84% 0.84%
Sergipe 0.63% 0.48% 0.49% 0.43% 0.39% 0.64% 0.54% 0.64%
Northeast Region | 16.73% | 14.65% | 14.78% | 11.71% | 11.96% | 13.37% | 13.09% | 13.11%
Distrito Federal - - 0.04% 1.26% 1.99% 2.32% 2.69% 3.88%
Goias 1.19% 1.17% 1.41% 1.52% 1.70% 1.88% 1.97% 2.48%
Mato Grosso do Sul - - - - 1.09% 0.99% 1.08% 1.09%
Mato Grosso 0.95% 0.62% 1.01% 1.09% 0.61% 0.91% 1.22% 1.75%
Middle-West Region 2.14% 1.79% 2.46% 3.87% 5.39% 6.10% 6.95% 9.20%
Espirito Santo 1.21% 1.31% 1.05% 1.18% 1.47% 1.66% 1.96% 2.30%
Minas Gerais 10.26% | 10.53% 9.97% 8.28% 9.42% 9.52% 9.64% 9.32%
Rio de Janeiro 20.34% | 18.96% | 17.04% | 16.67% | 13.73% | 12.28% | 12.52% | 11.32%
Séo Paulo 31.10% | 34.76% | 34.71% | 39.43% | 37.71% | 35.25% | 33.67% | 33.08%
Southeast Region | 62.91% | 65.55% | 62.76% | 65.55% | 62.34% | 58.71% | 57.79% | 56.02%
Parana 2.95% 4.90% 6.41% 5.43% 5.76% 5.87% 5.99% 5.91%
Rio Grande do Sul 10.33% 8.97% 8.78% 8.60% 7.93% 7.74% 7.73% 6.58%
Santa Catarina 2.27% 2.43% 2.59% 2.68% 3.29% 3.49% 3.85% 4.07%
South Region | 15.56% | 16.29% | 17.77% | 16.71% | 16.97% | 17.11% | 17.57% | 16.56%
Brazil 6s T
(billion BR$ of 2000) 46.7 77.9 136.2 285.3 760 931.9 | 11013 1569.4
Note:St at es6 shares as well as @bOPglatareis feal®rimar e s

Before 1970, GDP data for Ronddnia and Roraima states and for the Acre State (the three then
named territories) are included in the Amazonas State, so for thiglfeed ma z o GRPsi®H

the overall GDP for the four statd3istrito Federal was inaugurated in 1960, therefore it does not
have data as a separate state prior to that @at¢éhe other hand, over the same period, GDP data

for Amap@ are included in ParPEA). Until 1970, GDP data for Mato Grosso also includes Mato
Grosso do Sul which implies thtat o G rGBR is asd the overall for these two states; the
separation of the two states with a birth of Mato Grosso do Sul wds Jamuary 1979, even
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though theofficial law for separation was approved on 11 October 1977 (www.citybrazil.com.br)
Before 1980, GDP data for Goias also includes Tocantins; IPEA provides Tocantins GDP data for
1980, but the official separation between these two states which culminated in birth of Tocantins
State was in 1988 (www.citybrazil.com.br).

*Note: The annual eommercial average exchange rate Brazilian Real per United States Dollar
(BR$ per US$), for example, was 1.8302 real per dollar for 2000 and 1.8346 real per dollar for
2008 (| PEA) ;reallGBRigew appmoxamately filordS$601.7 billion in 2000 tdJS$

855.4 billion in 2008.

2.3.2. Per capita Real Gross Domestic Product

Table22c ompar es t he v orleugtindonns @tfi osntdast epsedr
GDP. Over the 19322008 period real economic growth (in terms of growth in
real GDP per capita) in Brazil was 3.1 percent per annum on avénay839,
Rio de Janeiro, not& Paulo,was the state with the highest per capita GDP.
that year, aly five (out of 27) states,namely Rio de Janeiro, S&o Paulo, Rio
Grande do Sul, Parana, and Mato Gro@eothis orde), had a per capita GDP
hi gher than the nat i dibdesa cormSigeeble inciease per i o
i n statesd6 per capita GDP f oandnarthéastst at es
states also had a growth in their per capita GDP, they still fell behind the national
average

There were only eightstates that performed better than the natiwith
Distrito Federal, Santa Catarina, and Espirito Santo joining the sig89list in
2008. In this group okight states,there was a dramatic change: Sao Paulo
overtook Rio de Janeiro from 1960 to 2008, but the former stateiwasrn,
surpassed by Distrito Federflom 1970. Distrito Federal benefited by-in
migration of ®me ofB r a zhighlyéslslled labour (see how this staterformsin
human capital indicatorsrigures 22 and 2.3 below) due to transfer ahe
countryodos capital from Rio de Janeiro to
started with a percapitaD t hat was approxi mately 0.20
in 1960,with an annual average growth rate of 9.2 perdereached a per capita
GDP | evel that was al most t hr ewhich i mes r
makes Distrito F e ddeurnaclomsmo m ing @ meh i ¢ le v eblys
standards

Mato Grosso, Rio Grande do Sul, Parana, S&o Paulo, and Rio de Janeiro
performed better than the nation from 1939 to 2008 in terms of per capita GDP.
Due to their real income level$idse states had eithemidentical or lower annual
average growth rateslative to the natiofsee Table€.2). In contrast, some states

with | ower per capita GDP over the per.i
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highest average annual growth rates (higher than 3.3%) Weee Tocarins,

Sergipe, Goias, Espirito Santo, Minas Gerared Santa Catarin@up to 1970)

Additionally, two of the poorest regions, mideieest and north, but not northeast,

had average annual growth rate higher thaan at i on 6 s 2.R)sTdhie

evidencealso supports convergence hypothesis.

Table222.Evol uti on of States and Regions?®
19392008
Average

Annual growth

State rate, earliest

1939 | 1950 | 1960 1970 1980 1991 | 2000 2008 | yearto 2008%
Acre - - - 1.70 293 | 2.99 3.14 5.12 2.9%
Amazonas 0.88 | 0.82 1.18 2.06 5.91 7.46 7.15 7.25 3.1%
Amapa - - - 2.80 3.52 5.18 4,29 5.71 1.9%
Para 0.44 0.67 1.16 1.45 3.46 3.83 3.15 4.14 3.3%
Rond6nia - - - 2.67 4.17 3.47 4.27 6.20 2.2%
Roraima - - - 2.30 3.97 | 4.02 4.09 6.13 2.6%
Tocantins - - - - 1.74 1.84 2.11 5.29 4.1%
North Region | 0.55 | 0.65 1.03 1.50 3.84 | 4.38 4.08 5.29 3.3%
Alagoas 0.33 0.61 0.86 1.22 2.54 2.64 2.56 3.22 3.3%
Bahia 0.47 0.61 0.96 1.45 3.48 3.45 3.67 4.34 3.3%
Ceara 0.56 | 0.61 0.80 0.94 221 | 2.68 2.89 3.68 2.8%
Maranhdo 0.46 | 0.39 0.60 0.79 1.61 1.54 1.68 3.16 2.8%
Paraiba 0.42 | 0.67 0.96 0.85 1.79 | 2.46 2.72 3.55 3.2%
Pernambuco 0.64 0.89 1.14 1.61 3.13 3.78 3.81 4.17 2.7%
Piaui 0.45 0.32 0.43 0.62 1.33 1.64 1.94 2.78 2.7%
Rio Grande do Norte 0.44 | 0.73 1.03 0.99 254 | 3.03 3.46 4.25 3.3%
Sergipe 0.52 | 0.59 0.88 1.37 259 | 3.99 3.40 5.06 3.4%
Northeast Region | 0.50 | 0.64 0.90 1.19 261 | 2.93 3.08 3.88 3.0%
Distrito Federal - - 0.36 6.71 | 12.88 | 13.48 | 14.67 | 23.80 9.2%
Goias 0.69 0.76 0.98 1.47 4.14 4.37 4.37 6.67 3.4%
Mato Grosso do Sul - - - - 6.06 5.18 5.76 7.34 0.7%
Mato Grosso 1.10 0.92 1.51 1.95 4.04 4.20 5.55 9.28 3.1%
Middle-West Region | 0.82 | 0.87 1.26 2.43 6.02 | 6.03 6.69 | 10.55 3.8%
Espirito Santo 0.73 1.20 1.20 2.10 5.51 5.94 7.22 | 10.47 3.9%
Minas Gerais 059 | 1.04 1.39 2.06 5.35 | 5.64 6.07 7.37 3.7%
Rio de Janeiro 2.33 3.16 3.46 5.29 9.24 8.93 9.90 | 11.19 2.3%
Sao Paulo 1.99 2.96 3.64 6.33 | 11.45 | 10.40 | 10.20 | 12.66 2.7%
Southeast Region 1.45 | 2.27 2.79 4.69 9.16 | 8.72 8.99 | 10.96 3.0%
Parana 1.23 1.80 2.04 2.24 5.74 6.48 6.95 8.76 2.9%
Rio Grande do Sul 1.45| 1.68 2.19 3.68 7.75 7.89 8.45 9.51 2.8%
Santa Catarina 0.97 1.21 1.64 2.63 6.89 7.17 8.21 | 10.54 3.5%
South Region 1.31 1.62 2.04 2.89 6.78 7.20 7.82 9.45 2.9%
Brazil 1.04 | 150 1.93 3.06 6.39 | 6.35 6.63 8.28 3.1%

Note: GDP data are in thousands of BR$ in 2000.

datain the note beneath Table 2.1 above also hold. Therefore, beforeAt®¥fbnasstate per

capita GDP is the overall per capita GDP Ramddnia Roraima Acre, and Amazonas states. On

the other hand, over the same period, per capita GDP for Para is the overall per capita GDP for
both Amapéa ad Parastates Until 1970, per capita GDP for Mato Grosso is the overall per capita
GDP for both Mato Grosso and Mato Grosso do Sul. Before 1980, per capita GDP for Goias is the
overall per capita GDP for both Goias and Tocantins states.

*The expression used for calatibrs of growth rate i€ Q"

p Zp m,where yr

and y are the earliest and the latgse a GOG° per capita and is the time period between both

yeas.
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2.3.3. Population

Population data show thatthe northern states drazil are relativelyless
inhabited.The bw levels of incoman thosestatesare therefore not surprising
However, there are states with low income even tholgyare highly populated.

For instance, Bahia was tlieird mcst populated (see Tab2.3) in 1940 but it
was ranked fifth in 1939 income share (see Tadlg The population distribution
across states did not changetween 1920 and 2008 though there were some
changes in ranking amorije topsix statesof Sdo Paulo, Minas Gerais, Bahia,
Rio de JaneiroPernambuco, and Rio Grande do'Sulhese states are leading
states in their regions in terms of inconiéis finding is consistent with the
argument of aircular causalitypetween population and the location of economic
activities: economi@ctivities tend to agglomerate regionswith high populaton
levels (home market effect)and populatiorlevels, in turn,tend tobe highin
regions with concentration of economic sities (Krugman, 1991a, 1991b, 1995;
Brakman, Garretsen & van Marrewijk, 200Ayjita & Krugman 2004;Capello &
Nijkamp, 2009).Table 2.3 reinforces the finding of the home market effect as the
regions with the highest shares are those that also haveo$dnedr states among
the top ten at the national level in both population and income.

Besides the home market effect of population size, modern economic
geography suggests that population density is important too. The dahl@é?.4
showthat all states increased their population denrsitglsfrom 1920 to 2008.
Two findingscanbe drawn. First, the richest states of southeast and of northeast
are among those with the highest density levels in all years. This is consistent with
the previaus findingsof a circular causatiofor agglomeratior{Krugman, 1991a,
1991h 1995 Brakman, Garretsen & van Marrewijk, 200Hyjita & Krugman
2004;Capello & Nijkamp, 2009).

'8 This apparent regularity for population distribution will be tested in terms of the theory of the
ranksize rule in Chapter 4.
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Table 23: Evolution of the Shares of the States&ed gi ons i n Brazil
Population, 1922008

State 1920 1940 1950 1960 1970 1980 1991 2000 2008
Acre 0.30% | 0.19% 0.19% 0.23% | 0.23% | 0.25% | 0.28% 0.33% | 0.36%
Amazonas 1.14% 1.01% 1.01% 1.02% 1.03% 1.20% 1.43% 1.59% 1.76%
Amapa 0.12% 0.07% 0.07% 0.10% 0.12% 0.15% 0.20% 0.28% 0.32%
Para 3.09% 2.22% 2.22% 2.20% 2.33% 2.86% 3.37% 3.61% 3.86%
Rondénia 0.08% | 0.03% 0.03% 0.10% | 0.12% | 041% | 0.77% 0.79% | 0.79%
Roraima 0.03% | 0.03% 0.03% 0.04% | 0.04% | 0.07% | 0.15% 0.16% | 0.22%
Tocantins 0.36% 0.40% 0.40% 0.48% 0.56% 0.62% 0.63% 0.70% 0.68%
North Region 5.12% 3.96% 3.94% 4.16% 4.43% 5.56% 6.83% 7.46% 7.99%
Alagoas 3.19% 2.31% 2.31% 1.80% 1.71% 1.67% 1.71% 1.65% 1.65%
Bahia 10.87% 9.50% 9.50% 8.48% 8.05% 7.94% 8.08% 7.91% 7.65%
Ceara 4.30% 5.07% 5.07% 4.73% 4.68% 4.44% 4.34% 4.33% 4.46%
Maranhdo 2.85% 3.00% 3.00% 3.53% 3.21% 3.36% 3.36% 3.30% 3.33%
Paraiba 3.13% 3.45% 3.45% 2.86% 2.56% 2.33% 2.18% 2.05% 1.97%
Pernambuco 7.03% 6.52% 6.52% 5.86% 5.54% 5.16% 4.85% 4.60% 4.61%
Piaui 1.99% 1.98% 1.98% 1.83% 1.80% 1.80% 1.76% 1.66% 1.65%
Rio Grande do Norte 1.75% 1.86% 1.86% 1.65% 1.66% 1.60% 1.65% 1.62% 1.64%
Sergipe 1.56% 1.32% 1.32% 1.08% 0.97% 0.96% 1.02% 1.05% 1.05%
Northeast Region | 36.67% | 35.00% | 34.55% | 31.81% | 30.18% | 29.25% | 28.94% | 28.15% | 28.00%
Distrito Federal 0.13% 0.17% 0.17% 0.20% 0.58% 0.99% 1.09% 1.21% 1.35%
Goias 1.30% 1.61% 1.61% 2.29% | 2.60% 2.62% 2.74% 2.98% | 3.08%
Mato Grosso do Sul 0.43% 0.58% 0.58% 0.82% 1.07% 1.15% 1.21% 1.24% 1.23%
Mato Grosso 0.32% 0.45% 0.45% 0.47% 0.64% 0.96% 1.38% 1.46% 1.56%
Middle-West Region 2.18% 2.81% 3.07% 3.78% 4.89% 5.72% 6.42% 6.89% 7.22%
Espirito Santo 1.49% 1.82% 1.82% 1.68% 1.72% 1.70% 1.77% 1.79% 1.82%
Minas Gerais 19.20% | 16.33% | 16.33% | 13.88% | 12.33% | 11.24% | 10.72% | 10.53% | 10.47%
Rio de Janeiro 8.83% | 8.76% 8.76% 9.50% | 9.66% 9.49% | 8.72% 8.39% | 8.37%
Sao Paulo 14.98% | 17.41% | 17.41% | 18.37% | 19.08% | 21.04% | 21.51% | 21.88% | 21.63%
Southeast Region | 44.50% | 44.32% | 43.37% | 43.43% | 42.79% | 43.47% | 42.73% | 42.60% | 42.29%
Parana 2.24% 3.00% 3.00% 6.06% 7.44% 6.41% 5.75% 5.71% 5.59%
Rio Grande do Sul 7.12% 8.05% 8.05% 7.72% 7.16% 6.53% 6.22% 6.07% 5.72%
Santa Catarina 2.18% | 2.86% 2.86% 3.04% | 3.12% | 3.05% | 3.09% 3.11% | 3.19%
South Region | 11.53% | 13.91% | 15.07% | 16.81% | 17.71% | 15.99% | 15.07% | 14.89% | 14.50%
Brazil 6s
Population (millions
of people) 30.7 41.2 52.0 70.6 93.1 119.0 146.8 166.1 198.6
Note: Before 1960a backcast or Di stri t o HResdleneal 6s popul at i
States6 shares as well as Regionsd shares

Secondy, there are some poor states withatively high density levels in
all years (e.g. Alagoas and SergipEhese fates are agricultural. Thresult is
also in line with the literaturdfugman 1991a 1991b) Krugman (1991a1991b)
develops a simplavo-region model in which agglomeration may arise in a region
specialsing in agriculture activities due teconomies of scale associated with
nonrmobile inputs share of income spent in manufactured goodstearsport
costs The transport costs parametitermines regional convergence or regional
divergenceinthelongun ver si on o fTh&avalvopgrdismidutson mo d e |
of population in Brazil is consistent with this modehe poor states in Brazil are
agricultural, with less developed infrastuat, and they have small scale
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manufacturing’. In 2008,comparison between the nation and regions shows that

while the Amazonian region (north region and a part of cemést) was still

relatively less inhabited with very low population density, the ecooally most

important regions of southeast and soutti &daensity around four and two times

of

Brazil

0s,

respectivel y.

Table 24: Evolution of States and RegirBopulation Density versus Brazil,

19202008
State 1920 | 1940 | 1950 1960 1970 1980 1991 2000 2008*
Acre 0.62 0.54 0.75 1.05 1.41 1.97 2.73 3.55 4.14
Amazonas 0.23 0.27 0.32 0.46 0.61 0.92 1.33 1.68 2.14
Amapa 0.24 0.60 0.28 0.50 0.82 1.26 2.02 3.21 4.29
Para 0.78 0.74 0.93 1.26 1.77 2.77 3.95 4.81 5.87
Rondénia 0.07 0.14 0.15 0.29 0.46 2.02 4.75 5.55 6.29
Roraima 0.03 0.05 0.08 0.13 0.18 0.34 0.97 1.22 1.84
Tocantins 0.40 0.58 0.76 1.18 1.82 2.58 3.30 4.19 4.61
North Region | 0.40 0.45 0.54 0.77 1.07 1.72 2.59 3.22 3.93
Alagoas 34.26 | 33.30 | 39.45 46.05 57.43 71.48 90.00 98.44 | 112.59
Bahia 6.32 7.40 8.60 10.70 13.38 16.89 20.92 23.28 25.68
Ceard 8.98 | 14.07 | 18.23 22.54 29.71 36.02 43.50 49.41 56.75
Maranhdo 2.53 3.57 4.82 7.69 9.22 12.31 14.79 16.51 19.00
Paraiba 17.19 | 25.43 | 30.29 32.88 42.26 49.14 56.57 60.31 66.28
Pernambuco 21.71 | 27.08 | 34.61 42.09 52.51 62.49 72.04 77.52 88.99
Piaui 2.48 3.33 4.15 4.94 6.70 8.52 10.23 10.96 12.40
Rio Grande do Norte 10.25 | 14.65 | 18.24 22.02 29.24 35.82 45.31 50.58 58.82
Sergipe 22.14 | 25.16 | 29.25 34.57 40.95 51.85 67.66 79.26 91.22
Northeast Region | 7.38 9.45 11.61 14.44 18.26 22.61 27.27 30.15 34.15
Distrito Federal 6.88 | 12.04 | 13.76 24.38 93.14 203.93 | 275.00 | 347.56 | 441.82
Goias 1.05 1.75 2.83 4.55 6.81 8.79 11.78 14.56 17.19
Mato Grosso do Sul 0.31 0.68 0.86 1.65 2.85 3.91 4.97 5.76 6.54
Mato Grosso 0.13 0.18 0.24 0.38 0.68 1.29 2.24 2.68 3.27
Middle-West Region | 0.43 0.65 0.99 1.67 2.86 4.27 5.85 7.13 8.53
Espirito Santo 11.95 | 20.26 | 25.30 30.19 35.08 44.37 56.31 64.73 74.92
Minas Gerais 9.92 | 11.50 | 11.53 16.81 19.71 22.97 26.76 29.82 33.84
Rio de Janeiro 62.64 | 82.90 | 109.13 | 154.94 | 207.71 | 260.75 | 291.68 | 318.14 | 362.55
Séo Paulo 18.62 | 29.04 | 37.03 52.34 71.85 101.25 | 126.96 | 146.47 | 165.24
Southeast Region | 14.80 | 20.01 | 22.40 33.57 43.37 56.31 67.66 76.53 86.73
Parana 3.49 6.18 10.56 21.56 34.81 38.33 42.31 47.63 53.13
Rio Grande do Sul 7.65 | 12.20 | 15.57 20.37 24.91 29.06 33.95 37.48 40.39
Santa Catarina 7.04 | 1240 | 16.55 22.43 30.39 38.00 47.59 54.25 63.24
South Region | 6.13 | 10.11 | 13.95 21.14 29.35 33.86 39.22 43.91 48.77
Brazil 6s
Population Density 3.61 4.90 6.08 8.35 11.02 14.08 17.21 19.55 22.27
Note:Popul ati on Density (Average) for each state

stateods

ar ea

( i n Distrjou-aederalmisiesvhlue fioe theearea fpr the firsh three

years of the tabldt was @asumed the area of 1960 subtracting it from the area of Goias state so the
total natio® area remained unchanged.
*Note: For 28, the currently (April 2011) reported area on the IBGE website has beenthised,;
reported total area of Brazil from IBGE is slightly high®r 12,148 square kilometres than the
sum of its states areas. FBP08, it was used the reported total area to cadtelthe national

Brazil

density.F o r

t he

ot her

year s,

t he

ar ea

of

" For instance, individually, these poor states, which are mostly located in north and northeast

regions, had from 1981 to 2007 an average share in manufacturing employment at the regional and
national levels of up to 11 and 1 percent only, respectively.TBoantins state, those average
shares were calculated for the period 22927 due to missing data.
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2.3.4 Share of Economically Active Populatiof in Total Population

Table 2.5 shows the distribution othe share ofeconomically active
population in total population (i.e., the labour force participation rai&e pattern
is similar to other indicators asome ofthe states and regioms&vethe highest
sharedn this indicator as well as in others. Excluding 1920 and 1940, there is a
positive corelation between labour force participation rate and real income per
capita. For both these indicators, the southeast and south regions have the highest
levels while the north and northeast present the lowest levels (compare rows of
these regions in Tabl&s2 and 2.5).

Since 1940, the development process has created disparities in labour force
participation rates across states (see Table 2.5). In that year, the states with the
highest rates of labour force participation (and with at least 63 percent which was
t h e rsaate) wene 840 Paulo, Rio de Janeiro, Para, Ronddnia, Rio Grande do
Sul, Bahia, Parana, Tocantins, Roraima, and Mato Grosso. Five of these states
were among those with the highest real per capita income in 1939; and while the
other five states had a velgw per capita income in 1939, their annual average
growth rate of income per capita from 19:

In 2000, the states with the highest labour force participation rates (and even
much higher than t lent)areaSantaoOatérina, RimGrandeo f 4 6
do Sul, Distrito Federal, Roraima, Espirito Santo, S&o Paulo, Parana, Goias, Mato
Grosso, and Minas Gerais. Again, six of these states are among those with the
highest real income per capita in 2000, with three of therofour having an
equal or higher annual average growth rate of real income per capita from 1939 to
2000 compared to the nationds and despi
indicator ¢(eal income percapita was | ower (Tiheserfindinghage nat i on
consistent with the new economic geography literature as laigbur force
participation reinforces the home market (or, high market potential for states and

YAccording to | PEA, fEconomi calwhoydurirgall thevl® popul at
months or part of them prior to the datetlod Census had dongaid work paid by money and/or

goods or commodities including under licenwith remuneration for disease, with scholarships,

etc, and those without remuneration that usually have worked 15 hours or more per week in an
economic activity helping the pens with whom they resided or in a care institution or

cooperative or, yet, as learners, interns, etc. Also considered in this comgitepeople aged 10

years or moravho did not work in the 12 months prior to the reference date of the Census but in

the last two months have been activdy seeking work (I PEA) .
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regions)(Krugman, 1991a, 199114995; Brakman, Garretsen & van Marrewijk,
2001;Clark, Feldnan & Gertler2003 Capello & Nijkamp, 2009).

Table25:Evol uti on of States and Regions?®
versus Brazil, 1922000
State 1920 1940 1950 1960 1970 1980 1991 2000

37.9% | 60.9% | 63.1% | 30.0% | 30.0% | 30.9% | 34.4% | 39.3%
Amazonas 28.9% | 60.7% | 61.9% | 29.5% | 28.2% | 31.1% | 32.6% | 41.0%
25.0% | 58.1% | 65.4% | 27.5% | 255% | 28.0% | 31.9% | 39.4%
27.0% | 65.0% | 64.6% | 30.7% | 28.6% | 30.2% | 32.9% | 40.2%
Rond6nia 44.1% | 645% | 66.6% | 31.7% | 30.5% | 34.9% | 38.2% | 46.6%
Roraima 23.9% | 63.0% | 63.3% | 26.6% | 28.0% | 33.8% | 38.8% | 50.9%
Tocantins 26.7% | 63.1% | 63.3% | 30.0% | 28.5% | 28.2% | 33.9% | 42.0%
North Region | 28.2% | 63.4% | 63.8% | 30.2% | 28.5% | 305% | 33.7% | 41.4%
Alagoas 223% | 57.7% | 61.0% | 33.4% | 30.4% | 30.9% | 34.1% | 39.8%
242% | 63.8% | 62.4% | 32.4% | 30.7% | 32.1% | 35.1% | 42.7%
215% | 58.6% | 61.4% | 31.2% | 28.8% | 32.4% | 35.6% | 41.5%
Maranh&o 245% | 62.2% | 63.1% | 31.7% | 325% | 32.7% | 32.2% | 39.6%
22.0% | 61.0% | 62.3% | 295% | 28.3% | 30.4% | 345% | 41.2%
Pernambuco 23.2% | 59.9% | 63.6% | 31.5% | 29.2% | 33.2% | 355% | 42.5%
22.0% | 60.0% | 61.6% | 29.4% | 28.8% | 30.8% | 34.0% | 41.7%
Rio Grande do Norte 22.3% 61.9% 62.6% 28.9% 26.5% 31.3% 34.9% 40.7%
245% | 62.3% | 63.6% | 34.0% | 29.5% | 31.0% | 35.6% | 42.4%
Northeast Region | 23.1% | 61.1% | 62.4% | 315% | 29.7% | 32.0% | 34.7% | 41.6%
Distrito Federal - - - - | 33.2% 40.2% 43.7% 51.0%
222% | 60.0% | 62.3% | 30.5% | 29.7% | 35.1% | 41.2% | 48.2%
Mato Grosso do Sul 25.4% | 61.9% | 62.1% | 31.0% | 30.8% | 36.7% | 405% | 47.5%
Mato Grosso 23.2% | 63.0% | 61.9% | 30.5% | 31.2% | 33.8% | 39.8% | 47.9%
Middle-West Region | 23.0% | 60.9% | 62.2% | 29.0% | 30.6% | 36.1% | 41.2% | 48.5%
Espirito Santo 25.2% | 61.0% | 64.4% | 29.7% | 28.6% | 35.1% | 40.4% | 50.7%
Minas Gerais 21.4% | 61.7% | 62.2% | 30.5% | 30.1% | 35.4% | 40.4% | 47.7%
Rio de Janeiro 31.6% | 66.3% | 69.6% | 32.2% | 32.4% | 38.2% | 42.0% | 48.1%
S50 Paulo 23.9% | 66.3% | 68.1% | 34.8% | 35.9% | 41.6% | 44.0% | 50.2%
Southeast Region | 24.4% | 64.4% | 66.2% | 32.7% | 33.1% | 39.0% | 42.6% | 49.2%
22.9% | 63.4% | 63.4% | 33.0% | 32.9% | 37.5% | 42.8% | 49.0%
Rio Grande do Sul 222% | 63.9% | 653% | 32.8% | 34.0% | 41.2% | 452% | 51.2%
Santa Catarina 24.0% | 62.2% | 62.1% | 29.9% | 30.4% | 37.4% | 435% | 51.9%
South Region | 22.7% | 63.4% | 64.2% | 32.4% | 32.9% | 39.0% | 43.9% | 50.5%
Brazil 23.9% | 63.0% | 64.4% | 32.0% | 31.7% | 36.3% | 39.8% | 46.6%

Note: Distrito Federal hamissing values for the first folyearsof the table.
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2.35. Human Capital
Two measures of education act as proxies for Human Capiféle first is
the literacy rate (100 minus theercentage of illiterate people aged 15 yeang
olderf> The average of this indicatords annu.
taken (see Figure 2.2). This indicates that, given its development level (e.g. until
the middle of the 1950s, Brazil was essentially an agrarian country), Brazil has a
relatively high approximately 83 percent; see the reference line in Figure 2.2)
literacy rate. However, there is a strong variation across its states and regions.
instance, while he r ati os between the following ¢
average is approximatell.11 for Distrito Federaland Rio de Janeirol.10 for
S&o Paulg Santa CatarinaRio Grande do Sul, Roraima, Amapa, and Amazonas
it is only 0.80 for Ceara and Paraiba, 0.78 for Maranhao, 0.74 for Piaui, and 0.73

for Alagoa$®. Therefore, there are hugaps in literacy across Brazilian states.

Y For these two human capital variables, the series is discontinuous starting from 1970. To
calculate an average for a continuous series, the period from 1980 to 2006 was considered. The
averagecalculated for these two variables for the 12P00 period using decadal data provided

no significantly different result.

“According to | PEA, the rate of illerate people
older who know neither readingnorw t i ng of a si mple noteo.

The latter five states are Brazilds northeast s
l ow human capital for t he northeastoés devel op

http://www.economist.com/node/18712379
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Figure 2.2: Average Literacy Rate: Brazil amt$ States, 1982006
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population aged 25 years old or mofée average of this indicatocb s annu al da
from 1980 to 200has been takefsee Figure.3). The results are different from

those of the literacy rat&or the schoolingndicator, the average for Brazil from

1980 to 2006 is 51lschooling years onl{see reference line in Figure3®, which

is very low compared tthat suggested by the information lideracy taking into

accounthe fact that the age range between the two variables differs.

Additionally, there aregreat differences across states as welbetsveen
statesd pmphent ommaned t oavearagesFor mxamplepthed s
ratio between the following states and the nation for this indic&or
approximately 1.49 for Distrito Federal, 1.28 for Rio de Janeiro, 1.18 for S&o
Paulo, 1.17 for Roraima, 1.1for Amapa, 1.13 for Amazonas, 1.10 for Rio
Grande do Sul, and 1.06 for Santa Catai@rathe other hand, this ratio for some
of the other states fell quit long waybehind approximately0.77 for Sergipe,
0.74 for Paraiba, 0.71 for Bahia, 0.69 for Tiotas, 0.68 for Ceara, 0.65 for
Alagoas, 0.60 for Maranhdo and Pialhese latter eight statespart from
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Tocantins? are locatel in the northeast region and are the laggones
nationwide, which shows that both human capital indicators are consistént wit
thepicture for populatiomistribution income, and economic activities in Brazil.

Figure 2.3: Average of schooling years: Brazil ansl States, 1982006
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2.36. Unemployment and Productivity

2.3.61. Potential Unemployment Rate

Table 2.6 showthatt om 1981 to 2007 the nationés
rate was quite stable. However, at regional level, all regions (except southeast and
south) had a fall with northeast, middiest and southeast havingfartd 6 patt er n.
In 1981, three (out of 5) remps had national standard in their potential
unemployment rates, but the other two regions were against the nation: for the
north region, the rate was as high as 70 percent and for the south region was about
31 percent. This variation was also observestate level. Overall, for instance, in
1981, excluding Distrito Federal, the highest potential unemployment rates, from

2 This state is located in the north region but is among the poorest states in Brazil, and it shares a
border with three northeast states, two of which are among the poorest in both the northeast region
and the nation (see Figure 2.1, and Tables 2.1 and 2.2).
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66 percent to 74.1 percent, were observed in northern states. On the other hand, in
1981, when considering a eoff of 40 percent, thelowest potential
unemployment rates (and smaller than the national average) were observed in
three south states, in southeast states (except Rio de Janeiro) as well as in most
northeast states (e. g. Sergipe, Piaui, Maranhdo, Bahia, and Ceara) and middle
west state of Mato Grosso do Sul.

While in the south and southeast (except Sdo Paulo and Rio de Janeiro) the
potential unemployment rates were quite stable during the period, in the lagging
regi onsao s t awesg snorthedst, and dalth, ethe rates declined
significantly. In 2007, thepotential unemployment rates were the lowest in
lagging states (e. g. Tocantins, Rondobnia) and all regions (except the leading
region of southeast) had potential unemployment rates smaller than the national
average. Overall, the states with a significd@&trease in potential unemployment
rate (or, with highest decrease in underutilization of resources, including human

resources) were those with lower income per capita (or, lower market potential).

This finding is consi st eantergemndethypothBsisaz i | 6 s

(Kuznets, 1955; Barro & SalaMartin, 2004).
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Table26:Evol uti on of States and Regiensod6 Pot

2007

State 1981 1991 1999 2007
Acre 73.2% 23.1%
Amazonas 63.6% 34.5%
Amapa 70.3% 32.1%
Para 74.1% 39.6%
Rondbénia 70.8% 21.4%
Roraima 71.2% 24.7%
Tocantins* 66.0% 17.2%
North Region | 70.0% 54.2% 63.4% | 33.7%
Alagoas 40.4% 34.3%
Bahia 37.9% 40.0%
Ceara 39.8% 40.4%
Maranhao 37.4% 24.0%
Paraiba 42.4% 34.7%
Pernambuco 40.2% 46.2%
Piaui 37.1% 22.2%
Rio Grande do Norte 46.0% 30.5%
Sergipe 29.2% 28.4%
Northeast Region | 39.2% | 29.1% | 26.6% 37.1%
Distrito Federal** 73.2% 44.4%
Goias 53.2% 36.4%
Mato Grosso do Sul 36.3% 22.5%
Mato Grosso 45.3% 28.1%
Middle-West Region | 40.4% | 32.4% | 29.1% 34.2%
Espirito Santo 37.1% 40.4%
Minas Gerais 36.5% 35.7%
Rio de Janeiro 44.2% 55.3%
Sédo Paulo 39.9% 44.6%
Southeast Region | 40.0% | 32.8% | 34.4% 44.7%
Parana 29.3% 33.2%
Rio Grande do Sul 31.4% 32.3%
Santa Catarina 32.8% 27.5%
South Region | 30.9% | 23.6% 24.2% | 31.6%
Brazil 40.4% 31.4% 47.1% 39.4%

Note: The considereddefinition of potential unemployment rate is: (population minus children
aged 14 and under minus persons aged 65 and over gnimpisyment) divided by (population

minus children aged 14 and under minus persons aged 65 and over). However, due to lack of data,
there are the following restrictions: the population of both children aged 14 and under and of
people aged 65 and over wagt laken for Tocantins in 1981. 1991 and 1999 miss data by age
group for the state level. The calculated potential unemployment rate is higher than the actual
unemployment rate due to the fact that there were people employed or occupied in family
businesse or farm who were considered unemployed.

Note: *From 1981 to 1991, employment data for Goias is Goids+Tocantins. To disaggregate these

t wo states, the average percentage of Tocantinsé
1992 to 2007 for the period 198D91 was assumedand was subtraced the ejuivalent

employment volume in Goias employment. Employmeasg defined as the number of employed

or occupied people in a paid professional occupation (IPEA). For details about the sectoral
composition of employment across states, regions, and BrazilClegsters 3 and 5 below. In

1981, to split Tocant i ns 6 was aspunedaetproportionfofrttem Goi § s 6
former stateon the latter in 1980.

Note: **In 2007, due to lack of data, the proportion of children aged 14 or less and of pgegdle a

65 or more in Goi8s state was assumed for Di str
potential unemployment rate.
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2.36.2. Employment

Figure 2.4 shows the s #omel88to2006er age t
There are very few statesattsupplied a significant share of national employment.
Sdo Paulo was the state with the highest average employment (around 14.5
million out of the 65.2 million national average). The remaining 26 states can
basically be slotted into three groups. Thetfii®up is a limited number of seven
states that follow S&o Paulo stdtenamely (with their averages estimates, in
millions, in brackets): Minas Gerais (7.3), Rio de Janeiro (5.5), B&h®, Rio
Grande do Sul (4.7), Parana (4.2), Pernambuco (3.0), and Ceara (2.8). This is a
group of the usual southeasiuth states and the three leading northeast states.

Two reference lines for 1 million and 2.5 million total employment averages
were inserted in Figure 2.4. The second group of states, cannot reach a barrier of
2.5 mi | | i on but ar e abl e to Abreak a
employmentTheseseven(with their averages estimates, in millions, in brackets)
are Santa Catariné2.4), Maranhao(2.2), Goias(1.9), Para(1.4), Espirito Santo
(1.3), Paraiba(1.3), and Piaui (1.2). For some of these states, these levels are a
good achievement relative toeih size. Finally, the third group is made up of the
12 states which cannot reach 1 million average of total employment; some of
which #fAlackd economic activities, especi
These findings are consistent with the patteshewn by income and the other

indicators.

% For employmenteducation, and Gini data for Tocantins stakere is nodata from 1981 to

1990, a period for which backastvas doneTo fill the missing years of 1991, 1994, and 2000 for

all states as well as for Brazthe average between the tweighbouing years of themissing

yearshas been taken

“ However, the total employment average for these states is significantly smaller than that of S&o
Paul o state. For example, the ratio between S«o
(whichranks second in Brazil in this indicator), is approximately 2.
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Note: Over the same period, the average total employed population in Brazpywasximately
65.2 million.

Following the discasion ofemployment,it is important to consider labour
productivity. The results fromable2.7 partially contradict those from Figu?ed.
Al t hough northern states fAlacko economic
levels higher than those obserfed the national level and also comparable with
those of the states of the most developed regions. In 1991, for instance, Amapéa
and Roraima two unimportant states in terms of their shares in national ineome
had the ratio between their labour produdtiyi and t he nationods
approximately 1.5 and 1.1, respectively. And also for 1991, this productivity ratio
between Amapa and Rio de Janeiro as well as between Roraima and Rio Grande
do Sul was equal to one. This performance, howewas not repeateth the
years that followed for these two northern states becthee employment
growth rates were higher than their GDP growth rates.

The picture from the other regions is not surprising: overall, productivity

levels are low in the northeast, and these levels are smaller than those observed at
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national level. In contrast, the southesstith and centrevest® regions had high
productivity levels. In particular, Sdo Paulo and Rio de Janeiro had productivity
levels much higher than those for the nation. These findings are consistent with
the weltknown regional disparity in BraziFerreira, 2000Azzoni, 2001 Mossi,
Aroca, Fernande& Azzoni, 2003 SilveiraNeto& Azzoni, 2006.

Table 2.7: Evolution of Labair Productivity: States versus Brazil, 198007

State 1980* 1991 2000 2007

Acre 20 12 11 11
Amazonas 29 28 25 18
Amapa 22 22 14 14
Para 23 20 12 9
Rondénia 21 14 15 11
Roraima 22 16 11 12
Tocantins 4 4 4 9
North Region 19 18 14 11
Alagoas 8 7 7 8
Bahia 10 9 9 10
Ceara 6 7 6 7
Maranhao 5 4 3 6
Paraiba 6 6 7 8
Pernambuco 9 10 9 10
Piaui 4 4 4 5
Rio Grande do Norte 8 8 8 9
Sergipe 7 10 8 10
Northeast Region 8 7 7 8
Distrito Federal 68 32 34 51
Goias 12 11 9 13
Mato Grosso do Sul 15 12 12 13
Mato Grosso 12 9 11 17
Middle-West Region 18 15 14 20
Espirito Santo 14 13 15 20
Minas Gerais 15 13 13 14
Rio de Janeiro 24 22 24 26
Séo Paulo 28 24 23 26
Southeast Region 23 20 20 22
Parana 14 14 14 16
Rio Grande do Sul 17 16 16 17
Santa Catarina 16 15 16 18
South Region 16 15 16 17

Brazil 17 15 15 17

Note: Labour Productivity is GDP per unit of labour. For 1980, due to lack of employment data,
the ratio between GDBf 1980 and Employmerdf 1981 was takenThis may be a problem for

the results as states performed better than should be expected in w@dirst with data in this
table.GDP data are in BR$ of 2000 (thousand).

% Distrito Federal stands with the growing and highest productivity levels. For example, the ratio

bet ween this statebés productivity and the nati

a surprise when considering the finding regarding the hucaital for this state which plays a
key role for states6 income |l evels (for a qui
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2.3.7. Share of Manufacturing Employment in theTotal Economically Active
Population

Table 2.8 shows that from 1970 to1995 the share ofmanufacturing
employmentin the totaleconomically active population followed an inverted U
shaped curve in BraziThis is also true for all regions and 20 states. However, the
levels vary across states and regions. Given that the north, northeast and middle
west had the lowest shares of miacturing in the total economically active
population, this result indicates a skewed distribution of manufacturing
employment, favouring southeast and south regions in Brazil. Indeed, in 1970,
while southeast and south had 14 percent and 8 percent, tresypecn their
shares of manufacturing employment in the total economically active population,
the other regions had either 3 percent or 4 percent only. There was only a slight
decrease in the gap of this indicator across regions because, in 1995ithieasto
and south still had 11 percent andpgEtcent, respectively, against either 4 percent
or 5 percent only for each of the other regions.

These disparities are much clearer when considering thelestatedata. In
1970, the states with the highehare of manufacturing employment in the total
economically active population were (in this order): Sdo Paulo, Santa Catarina,
Rio de Janeiro, Rio Grande do Sul, Amap4, Minas Gerais, and Pernambuco. Of
these states, four had much higher shares tharatienal average and there was
a huge gap between these four statesbéo
Eighteen states had the lowest shares (up gerdent only), in 1970, and were
mostly north, northeast, and middiest states.

In 1995, the statewith the highest shares of manufacturing employment in
the total economically active population were (in this order): Rio Grande do Sul,
Santa CataringGdo Paulo, Parana, Minas Gerais, Rio de Janeiro, Espirito Santo,
Alagoas, and Amazonas. The first sewtgies are located in southeast and south
regions while the latter two are northeast and north states, respectively. On the
other hand, among the other 18 states, eight had either 1 pergamtent or 3
percent (these are north and northeast stexetyding the middlevest state of
Distrito Federal), and the remaining ten had either 4 percentpercent (these
are north and northeast states, excluding the middit states of Goias, Mato

Grosso do Sul, and Mato Grosso).
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Therefore, overall, angding all years in Table 2.8, the conclusion is that
manufacturing (as percentage of total economically active population) is
concentrated either in south and southeast states or in a limited number of seven
states from the other regions, namely Amazornasapa, Para, Rondonia,
Alagoas, Rio Grande do Norte, and Pernambuco. These results are consistent with
the MarshalArrow-Romer (MAR) hypothesis which argues that agglomeration of
economic activities in the regions arises due to knowledge externalitiese The
knowledge externalities, in turn, either boost or hurt growth of regions depending
on whether the agglomerated activities are specialised or dii@iseser, Kallal,
Scheinkman& Shleifer, 1992 Henderson, Kuncor& Turner, 1995 Combes,
200Q McCann,Mameli & Faggian, 2008De Groot,Poot & Smit, 2000

Table28:Evol uti on of the Shares of States
Employment in th& otal EconomicallyActive Population, 19701995

State 1970 | 1975 1980 1985 1995

Acre 1% 1% 2% 2% 2%
Amazonas 4% 7% 13% 12% 7%
Amapa 7% 7% 7% 5% 1%
Para 4% 5% 7% 5% 5%
Rondo6nia 4% 5% 5% 5% 5%
Roraima 3% 4% 3% 2% 2%
Tocantins 1% 1% 1% 1% 1%
North Region 4% 5% 7% 6% 5%
Alagoas 4% 6% 7% 6% 7%
Bahia 3% 3% 5% 4% 2%
Ceara 3% 4% 6% 6% 4%
Maranhao 1% 1% 2% 2% 1%
Paraiba 3% 4% 5% 4% 4%
Pernambuco 6% 7% 8% 7% 5%
Piaui 1% 2% 2% 2% 2%
Rio Grande do Norte 4% 5% 8% 6% 4%
Sergipe 4% 5% 7% 6% 3%
Northeast Region 3% 4% 5% 5% 3%
Distrito Federal 2% 4% 3% 3% 2%
Goias 3% 4% 5% 5% 4%
Mato Grosso do Sul 3% 4% 5% 4% 4%
Mato Grosso 2% 2% 5% 4% 5%
Middle-West Region 3% 4% 5% 4% 4%
Espirito Santo 5% 7% 9% 8% 7%
Minas Gerais 6% 7% 10% 9% 8%
Rio de Janeiro 12% 13% 14% 11% 7%
Sédo Paulo 20% 23% 26% 21% 14%
Southeast Region | 14% 16% 19% 16% 11%
Parana 5% 7% 9% 8% 8%
Rio Grande do Sul 10% 14% 16% 15% 15%
Santa Catarina 14% 17% 22% 19% 15%
South Region 8% 12% 14% 13% 12%

Brazil 9% 11% 13% 11% 8%
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2.38. Size of Manufacturing Firms

Figure2.5 showsthatthe average size of manufacturifuigns from 1970 to
1995 was 22 employees per manufacturing firm in Brazil (see reference line in
Figure 2.5). However, there were some st
These were (with their employees per manufacturing firm in brackets ahsin t
order): Amazond$ (44.83), Alagoas (32.33), Sdo Paulo (31.67), Rio de Janeiro
(28.67), and Pernambuco (22.5). Over the same period, these states, excluding
Alagoas, were among those with the highest shares in national income and highest
per capita incme in their regionsThe remaining 22 states are divided in two
groups.

The first group involves 13 states where manufacturing firms average
between 15.5 and 20.17 employees. The second group includes nine states that
had 15 employees or fewer peranufacturing firm and were located in north,
northeast, and middieest regions. Overall, these results show that in Brazil
firmsao cisonlydightas foraroundnly half the stategnot for at least
about 20 statesjhe average manufacturifign is small (using a cubff of fewer
than 15.5 employees per manufacturing fi
only partially supported. It claims that within the regions, competition of
specialised firms, rather than competition of diverse firmr®@motes regional
growth (Glaeser, Kallal, Scheinkmaf Shleifer, 1992 Henderson, Kuncoré
Turner,1995 Combes200Q McCann,Mameli & Faggian, 2008De Groot,Poot
& Smit, 2009%".

®The Amazonas performance in this indicator is dt
Manaus.

* This theoretical spport for both MarshahRrrow-Ro mer ( MAR) 6s and Porter 6:¢
knowledge externalities will be tested by econometric models in Chapter 3.

34



Figure 2.5: The Average Size of Manufacturing Firms: Brazil asdStates,
19701995
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Note: Manufacturing firm size is the ratio between manufacturing employment and manufacturing
establishmentsThere areonly six observationpoints for manufacturing establishments: 1907,

1970, 1975, 1980, 1985, and 199%. hold theregularity of a Syear observation, an interpolation

for manufacturing establishments for 1990 was done before theataaglof the manufacturing

firm sizes. Due to a lack of disaggregated data, the first year of the series was exXabedetins

mises manufacturing employment in 1990 for which a lback t was done wusing th
manufacturing employment from 1992 to 2007.

2.39. Electricity Consumption per inhabitant

A real measure ofhe level ofeconomic activity that is free from possible
iai s e theavaragelectricity consumptiorper inhabitant As expeatd, the
role of S&o Paula Brazil isclearly $iownin Figure2.6 below whereSao Paulo
has the highest average electricity consumptijoer inhabitant(approximately
1.72 million megavatts hour) from 1961 to 2004. This electricity consumption
level is consistent witts « 0 P &mploymirg levels ands most developed
manufacturing (sectoral data not shown here; for detsglsChapters 3 and 5
below)in Brazil.

As with the other indicators, there are few states thatchS&o Paulo state
The second ranked statRio de Janeiro fell quite far behind: the average
electricity consumptiomper inhabitant for Sao Paukiate is approximatel.19
timesthat of Rio de Janm. Minas Gerais, Santa Catarina, Espirito Santo, and

Distrito Federal follow These sixstateswere higher than the national average,
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which was approximately 1.01fillion megawatts houisee the reference line for
this value in Figure 2.6). All the other statead their averages below the national
average.

However, there are 13 states that were able to break a barrier of 0.5 million
megawatts houper inhabitant, which are (approximated values are in brackets)
Rio Grande do Sul (0.94), Parana (0.84), Par@0jp Bahia (0.609), Alagoas
(0.602), Marant&o (0.60), Mato Grosso do Sul (0.597), Sergipe (0.581), Goias
(0.575), Pernambuco (0.55), Amapa (0.542), Amazonas (0.538), and Mato Grosso
(0.535). The latter three stat¢dmapa, Amazonas, and Mato Grossegre
closelyfollowed by the otheeight stateswhich had much lower(fewer than 0.5
million megawatts hojraveragesas a consequence of theery low levels of
economic activiy - associated with their low levets income, even though dise
three latter stas (Amapa, Amazonas, and Mato Grossbdve had high
population densityespeciallysince 1970 (see Table 2.4)he statesvith averages
fewer than 0.5 millionmegawatts houare essentially located in a contiguous
north-northeast land areblnless a huge shock occurs, firms will not choose these
states as a |l ocation for their Dbusinesse
supports these results (see Figure 2I@).sum, this indicator supports the
argument otthe role of initial conditioa firms tend to settle where others have
already established; in turn, this atteachore companies to those locations
(Krugman,1991a,1991h 1995 Hanson, 2008
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Figure 2.6: Average ElectricityConsumption pelnhabitant: Brazil ands States,

1961-2004
mu=mean(electricity consum ption per inhabitant), milion megawatts hour
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Note: Mato Grosso and Mato Grosso do Sul: the data for these two states are aggregated from

1961 to 1975Since the latter state has much higher electricity consumption than the former, to fill

the missing values over this period, three steps procedure was employed: first, it was imputed the
electricity consumption of Ma t Qeco@r itowassfiled thevt o Mat o
Mato Grosso cells by assuming that the average consumption shiis sthte over the period

1976 to 2004 was also observed from 1961 to 1975. Finally, it was replaced values for Mato

Grosso do Sul by the difference between ithputed ones for this state and those estimated for

Mato Grosso in the previous step. Regardiimgantins, to fill the missing values froff®61 to

1988 i t was assumed that the average share of t hi
consumption beteen 1989 and 2004 was also observed for the pewoadf961 to 1988 to which

a backaswvasdone; then it was adjusted Goids consumption over the pleoiodl961 to 1998 by

taking from it the estimated electricity consumption Tarcantins These adjustents kept the

national electricity consumption unaltered. There is a missing value in 1997 for Distrito Federal

which was filled by the average electricity consumption between 1996 and T®88ata for

electricity consumption is annual from 1961 to 200wever, there are missing years for

population data. Annual population data was obtained by interpolation for the missing years. The
interpolation obeyed the pattern showed by population data from the sources.
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Figure 2.7: South America atight
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Note: The light in thesouth of Brazilis from B r a zsouthednsneighbour countriemdthat in the
northwestis also fromBr a znieliégshbour s i n that regi on, not fror

details of countri es 6 Figuedd)t The@image was t&8kenuon Octobeme r i ¢ a ,
23, 2000 and rpublished in June 201 htfp://earthobservatory.nasa.gov/IOTD/view.php?id=896
http://geology.com).

Source:NASA, http://geologycom.

2.3.10. Poverty Rate$®

Poverty ratesare considereds measures for a negative home market effect
(or deprivation) Figure 2.8 shows that all statem Brazil have reducedtheir
poverty rates which indicates an improvement in local mamitntial. However,
when consideing the poverty level of Brazil as a referendbgere arebasically

three groups of states. The first granpolves northeast states: Alagoas, Piaui,

%8 pccording toIPEA, the poverty rate ismeasured at he percentage of total
domicile per capit income below the poverty line. The poverty line considered is the double of the
extreme poverty line, an estimate of the value of a food basket with the minimum calories needed

for an adequate individual living based on FAO and WHO recommendatior( |). Flterk are

missing data for 1991, 1994, and 2000 for which interpolation was done. Until 1991, Tocantins

has missing values.
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Rio Grande do Norte, Sergipe, Bahia, Ceara, Maranhdo, Paraiba, and
Pernanbuco. The second groumcludesnorthern states: Tocantins, Amapa, Par4,
andalsoAcre since 1999. Tl two groups of states Hgoverty leves higher

t han t h averagaThe tloird graipncludessoutheassouth states: Espirito
Santo, Minas Gersj Rio de Janeiro, S&o Paulo, Parana, Rio Grande do Sul, and
Santa Catarina as well as the cemtest states: Distrito Federal, Goias, Mato
Grosso do Sul, and Mato Grossdhe satesin the third group had much lower
poverty ratesthan the national averagThis finding showsa vicious circle:
poverty is regionated and its incidence is prominent in regions with the lowest
levels in both income and economic activity; these regions are less sdzhni
(more agricultural), and ka very low levels of humanapital, which in turn

reinforces poverty throughreegativeeffect oflow human capital on income.

Figure 2.8: Poverty Rates (Percentage): Brazil aisdStates, 1982009

20 40 60 80

(@]
20|10
year
Acre [ Sergipe ——— Amazonas / Distrito Federal
Amapa / Goias — Para / Mato Grosso do Sul
Rondénia / Mato Grosso — Roraima / Espirito Santo
Tocantins / Minas Gerais Alagoas / Rio de Janeiro
Bahia / Sao Paulo — Ceara / Parana
Maranhao / Rio Grande do Sul ———— Paraiba / Santa Catarina
Pernambuco / Brazil Piaui
——— Rio Grande do Norte

39



2.3.11. Inequality
Figures 2.9 and2.9a-2.9e show avariation in inequality acrosstates and
regiond® versus Brazil, annually from 1981 to 200®oking atBrazild6 s f i gur e,
even though since 2000dlnequality indicator started to fall reaching its lowest
levels inthe time seriesit is still high, at 056. The overall picture is that in all
Brazilian regionghere arestates that preserdinequality leve$ comparable with
the natio® fowards the end of the periotlorth and northeast regions cha
comparable levels of inequalitgnd since the middle of thel990s states
Afclusteredod in the same range of inequal
smaller.
In contrast, inthe south all statesshowed invertedJ-shaped inequality
behaviour: inequalityosefrom 1981 to 199@ndthen started to fall. Parana and
Rio Grande do Sul presented inequality levels highertthase ofSanta Catarina.
In the centrewest and southeastyhen excludng the former region Distrito
Federal, which héa rising inequality over the series, statethinithe regions hé
convergent inequality level3he inequalitylevelsto which statesparticularly in
the southeastegion)andBrazil were convergingweresimilar. In sum, inequality
within Brazilian statesemained high despite falling in the lasvee years of the
series, at above 0.50 for Brazil and for 26 sfites

% The Gini Indexis one of standard measures for inequatiapgng from zero toone. The higher
the Gini Index, the highertteount ry or regiondés inequality.
®¥The only state with the smallest and more fAaccer
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Figure 2.9: Gini Indexes Brazil, its States and Regions, 193006
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Figure 2.9d: Southeast Region
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2.4. Conclusion

This chapter assessed seemnomicregional datg mostly from 1920(or
1939) to 2008 in Brazil. The patterns observed are consistent witie new
economic geography and spatetonomictheory (Anselin, 1995; Krugman,
1991a, 1991bBrakman, Garretse& van Marrewijk, 2001;Nazara& Hewings
2004 LeSage & Pace, 200%s opposed tthe mainstream neoclassicailspatial
economic theorySandroni, 1994 Varian, 1992)Although no structural model
has beerestimated in this chaptehree mainconclusions can be drawn fratme
descriptivedata analysis.

First, the path followed by Brazil has changed dramatically over the 20th
century. Since theniddle of the 20th century, the descriptive spatial data analyses
indicate that there is no clear sign of a caiphof the lagged regions as the
improvement of these regions is only slight over the analysed period, and the
finding seems to indicate a rettibution of income within the regions only.

Secondy, the concentration of economic activity and the resulting increase in
regional income disparities in Brazil worsened from 1939 to 1950; then slightly
improved from 1950 to 1960. From the latter year to the decades that followed, it
worsened again. The de@d1960s and 1970s coincide with industrialisation in
Brazil. The industrialisation process in Brazil was perverse because it
concentrated investments in the southern regions, in part due to political power of
these regions, which then stimulatedniigraion of skilled workers from other
regions searching for higher wages in the southern regions. This internal
migration left the lagging regions with much less skilled labo@s a
consequence, the spatial pattern of the Brazilian economy has changede and th
descriptive data show that there is no clear sign of a reversal because the change
towards regional balance in Brazil is insignificant.

Thirdly, it was found thatlespite their coastal locatiomany states are still
poor because the advantages ofirtHecation are more than offset by the
disadvantages of smaller (lack of) home market as well as poor access to the
largest national markets due to distance and infrastrushderdevelopmenthe
next four chapters Chapters 3 to 6) empirically teihe extent to which these

findings are true usinthe new economic geography and spatial economic theory

31 See, for example, entries for economics scholars David Ricardo-(BZR), Carl Menger
(18401921), and William Stanley Jevons (18B882).
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astheoretical framework These chapters contribute to the economic and regional
science literature by discussing hitherto unexplored issues and meihedol
regarding the evolution of regional economies in Brazil, an important emerging
country in the world, therefore a relevant experiment in economic and regional
sciencesIn short, these chapters provide new insights for the understanding of
some of theestablished laws (or theories) and those of which their robustness is

still being tested.
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CHAPTER 317 AGGLOMERATION EXTERNALITIES AND 1981 -2006
REGIONAL GROWTH IN BRAZIL

3.1.Introduction

Regional income convergenisea key area of debate among economists (Barro
& Salai-Martin, 2004). If regions with a lower real income per capita grow faster
than those with a higher real income per capita, economic growth can reduce
interregional income inequality within a countdy.standard model that explains
the role of knowledge externalities in such convergence is the Glaesdr
(1992) model (Glaesat al, 1992; Hendersoat al, 1995; Combes, 2000). Using
a simple CobkDouglas production function, this model shows tteg growth
rate of employment is positively related to growth of technological knowhow and
negatively related to the growth rate of wages. Assuming that wages are spatially
equalsed, employment growth differentials are then explained by the region
specifc impact of knowledge externalities due to regional speat#in,
competition and diversity, based on the theories of Margtrabw-Romer
(MAR), Porter and Jacobs. The Glaesdral. (1992) model aims to quantify each
of these effects separately.

The heories advocated by Romer (1986) and Porter (1990) argue that the
concentration of speciad industries in an area tends to benefit growtthat
area because knowledge externalities enhance the productivity of clustered
firms.32 In contrast, Jacobs (69) argues that a cluster of speaidi industries in
a specific area can actually reduce growth because spaibtali tends to inhibit
competition among firms, thereby limiting regional growth potential. When
competition among firms is limited, thererise place for diversity and the effects
of knowledge will be impeded insofar as not reaching out to broader sectors.
Thus, the expected relationship between manufacturing industry employment
growth and dynamic knowledge externalities and competition isigamis
because it depends on whether the adopted perspective is that of MAR, Porter or
Jacobs (De Groat al.,2009, p. 264).

Despite the international acceptance andsatitbhn of the Glaesest al. (1992)
empirical model of the impact of these knowledzternalities, the model $inot

yet been applied to the case of Brazil. The preskaper therefore estimates the

¥ These theories are sumrsadin Glaeseet al. (1992) Hendersoret al.(1995) and De Groot et
al. (2009).
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model for Brazil.There has been significant income convergence among Brazilian
states in recent decadédhis chater focugson the roé played by knowledge
externalities on growth in manufacturing industry employment and, by
implication, real incomes over the period 1981 to 2006. While there are many
studies of economic growth, convergence and regional income inequality in
Brazil, none ¢ datehasadopted the Glaeset al. (1992) model A number of
common empirical estimation approaclees employed based on crossection
data, panel data and poolpdriods crossection data

The chapteris structured as follows. The following sectialiscusses the
background literature on regional income convergence in Brazil. Se8tion
provides a descriptive analysis of regional growth in Brazil. Se@idescribes
the data used and their sources. SecB&@reports and discusses the regression

results. Lastly, sectioB.6 provides concluding comments.

3.2. Literature
Regional income convergence in Brazil has been widely studied. The
literature has taken four approaches. The first approach estimates regression
models using crossection dataThese regressions ugd the growth of per capita
income over a given period in a region as the dependent variable and assume that
this is negatively related to initial per capita income. This negative relationship is
referred to as beta convergence (Arzal999, 2001, 2003SilveiraNeto &
Azzoni, 2006 Resende, 20)1 Other predictors of growth are investment,
education and the size of labour force (Ferreira, 2000). Other regressions explain
per capita income of Minimum Comparable Areas (MCA) in terfnsdoication,
demographic indicators and thatio of public expenditure over revenue of these
areas(Rangelet al, 2008). These studies find evidence in favour of absolute
Il ncome convergence across Brazil dés state:
Additionally, an analysis of economicrayth between 1970 and 2000
explains growth in terms of a range of demographic and socioeconomic indicators
(essentially education, per capita capital, and the crime rate). This study, by
Coel ho & Figueiredo (2007), domecgowte.s on m
Brauch & Monasterio (2007) focus on income convergence by means of
Exploratory Spatial Data Analysis (ESDA) of the income shares of Minimum

Comparable Areas. In an applicatonf Quahoés (1997) met hodol
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of distribution of income @oss Brazilian regionsGondim et al (2007) find
convergence only within macro regions. Indeed, Magslet al. (2005, p. 17)

point out that:

(é) It i s possible to infer from the
some convergence among states is takilage, it seems to be

more of a regional phenomenon or perhaps some type of club

convergence than a global convergence process. States like Sao

Paulo would be a dominant force in one club while the Northeast

states would form a second group or club.

In other words, this study and several oth@g. Resende, 2011 and references
therein)found clubs of convergendea situation in which rich states and poor
states converge within their macro regions, but in which interregional income
disparity actually inreases.

Silva & Silveira Neto (2007) apply Han
role of knowledge externalities through the estimation of manufacturing industry
employment growth across Brazilian states from 1994 to 2002. Manufacturing
industry employmet growth is regressed against the following variables: average
wage per worker, relative size of establishments, forward/backward linkages,
agglomerations, manufacturing diversity, and distardarket linkages and
manufacturing diversity areoth found © be positively associated with growth of
manufacturing industry empl oyment , t hus
theories, while rejecting MAR theory.

The second approach to investigate regional income convergence is to use
panel data analysis. The orgfudy that uses this approach is Azzenal. (2000)
who explain per capita income by geographic variables, labour force and human
capital variables. They find conditional income convergence across Brazilian
states.

The third approach applidéne-series data analysis. For example, Baressi
Filho & Azzoni (2003) use a sample of 20 Brazilian states to study the
convergence of state per capita GDP in terms of national time dummies, structural
breaks and the lag of income. Affgrforming unit root testshey find statdevel
convergence within Brazilian macregions.

The second and third approaches described above are rather rare in the
literature regarding regional income convergence in Brazil. Finalljourth

approach is simply descriptive and measures the inequality pattern in terms of
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income inequality indicators or national income shares for selected time periods,

rather than by means of estimating structural models. This approach finds either

state6 i ncome convergence at a national l ev

within macroeregions Azzoni, 1997 Andrade & Serra, 2001Gomez, 2002
Mossi et al.2003; andRolim, 2008.
This chaper estimates Glaeset alG model. The original Glaeser adel is
represented by the following equation:
11 e
lie— 11 e6—"-

h

~~ a M e VN z - RPN

COPAAEAME U AGHEFAEO EOBIAAEORT T O(3.1)

On the left side of the equatioB.1), | is manufacturing industry employment.
Taking t wo points of ti me, and assumi
manufacturing industry employment growth between petiaahd t+1. This is

explained in terms of wagew) growth (negatively), the national growibf
technology A), and by theg function which captures specdtion, competition,

and diversity externalities, and initial conditions (e.g. human capital level or other
variables considered relevant by the researcher); and lastlyis a residual.

Glaeseret al.0 s mo d e | was first used in an
economic growth and regional employment convergence by dynamic externalities
using manufacturing industry employment data in the US (Glastsal. 1992;
Hendersonet al. 1995) andmanufacturing industry employment and services
employment data in France (Combes, 2000) before it became more widespread.
De Groot, Poot and Smit (2009) sumrsarthe international literature covering
the period 1992006. Based on metmnalysisi which consists of combiningll
empirical evidence in which at least one of the first three elements aj the
function of equation3.1) is tested for statistical significantethey found 322
articles that anabge dynamic externalitieand thatcited either Glaes et al.

(1992) or both Porter (1990) and Jacobs (1969).

Of these 322 articles, only 31 had a quantitative approach that was
sufficiently similar to Glaeseet al. (1992) to permit anetaanalytic quantitative
comparisonand, together, these 31 articlggelded a total of 393 estimates. A
summary of the significance tests conducted in the international literature is

reproduced in Tabl8.1. This tableshows courst andpercentagefor each result
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in the following classification Anegati veegagnveéi casti gni A
Apositive i nsignificanto and Apositive

elements of agglomeration externalities: spesasibn, competition and diversity.

Table 3.1 Counts of Statistical Significance of Knowledge Extetresdiin
Empirical Estimates of the Glaeser et al. (1992) Model

SPECIALISATION | COMPETITION | DIVERSITY
Count % Count % Count %
Negative significant 60 37 16 20 17 11
Negative insignificant 33 20 13 16 40 26
Positive insignificant 16 10 19 24 37 24
Positive significant 53 33 31 39 58 38
Total 162 100 79 100 152 100

Source: De Groot, Poot & Smit (2009, p. 269)

On balance, Table 3ihdicatesthat there is slightly more evident® suggest
the impact of speciaation is more negative than positiveln contrast, the
evidence on average supports more o positive effect for competition and
diversity externalities. Nonetheless, there is consideralpleertainty in the
empirical evidence given the percentage of statistically insignificant reShits
varies between 32 percent in the case of competition and 77 percent in the case of
diversity.

3.3.Growth in the regions of Brazil

This section first describesmanufacturing employment growth and
convergence among Brazilian regior&econdly, itsummarses some Brazilian
economic trends since the 198@wmd considers the association between

manufacturing employment and per capita GDP in Brazil and in its macro

regiong®,

3.3.1. Convergence in Brazil: A reassessment

In line with the previous convergence literature sumseakiin Section 3.2,
the following questionsrreasked (1) Do Brazilian states grow at the same rate?
(2) If the answerto the previous questiois no, do they show manufacturing
industry employment convergenaer 1981 to 2006 Thesetwo questionsare
answeedbased on Tabld.2.

1t is considered per capita GDP rather than GDP itself, because the former is an indicator of
labour productivity, which captures production externalities.
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Table 3.2:Evolution of Manufacturing Industry Employment in Brazil, 1981

2006
Macro-Region State SSR81 |SSC81 |SSR06 |SSC06 JAVAMEGS|AVAMEGR
Acre 3.22%| 0.07%] 2.97%] 0.21% 7.13%
Amazonas 43.65%| 0.89%| 22.82%] 1.59% 4.86%
Amapa 2.19%] 0.04%| 1.42%] 0.10% 5.73% 7.46%
North Para 43.15%| 0.88%| 62.19%] 4.33% 8.92%
Rondbnia 7.27%| 0.15%| 9.24%] 0.64% 8.42%
Roraima 0.53%] 0.01%] 1.36%] 0.09% 11.25%
100.00% 100.00%
Alagoas 5.63%] 0.86%] 3.77%] 0.62% 1.27%
Bahia 22.07%| 3.37%| 21.73%| 3.60% 2.82%
Ceara 25.54%] 3.90%| 26.84%| 4.44% 3.08%
Maranhdo 4.81%]| 0.74%| 8.66%| 1.43% 5.23% 2.88%
Northeast Paraiba 6.15%] 0.94%| 8.86%] 1.47% 4.34%
Pernambuco 23.73%] 3.63%| 15.18%| 2.51% 1.09%
Piaui 2.78%| 0.43%| 4.55%] 0.75% 4.84%
Rio Grande do Norte 5.26%] 0.80%| 6.26%] 1.04% 3.58%
Sergipe 4.03%]| 0.62%| 4.15%] 0.69% 3.00%
100.00% 100.00%
Distrito Federal 6.74%] 0.18%] 9.25%] 0.50% 6.64%
Goias 54.91%)| 1.46%)| 52.41%] 2.81% 5.19% 5.38%
Centre-West Mato Grosso do Sul | 26.30%] 0.70%] 17.27%] 0.93% 3.69%
Mato Grosso 12.05%] 0.32%]| 21.08%| 1.13% 7.61%
100.00% 100.00%
Espirito Santo 1.85%] 1.18%] 3.37%] 1.69% 3.99%
Minas Gerais 12.09%]| 7.71%| 21.75%] 10.89% 3.94% 1.59%
Southeast Rio de Janeiro 18.11%]11.56%] 12.01%] 6.01% -0.05%
Séo Paulo 67.94%] 43.35%| 62.87%| 31.49% 1.28%
100.00% 100.00%
Parana 26.24%]| 4.23%| 31.55%]| 6.47% 4.26%
South Rio Grande do Sul 48.01%] 7.74%] 39.76%] 8.15% 2.77% 3.52%
Santa Catarina 25.76%] 4.15%| 28.70%| 5.89% 3.96%
100.00% 100.00%
Brazil 99.91% 99.46% 2.56% 2.56%

Notes: SSR8 1
Shars a n d

and

S S C Bldnufaaturieg In8ustayEnplsyinent Regional

S Manufacturing IndustryEmployment Country Shasein 1981,
respectively, which were also calculated for 2006; RS1981 and RS2006 are Regional

Manufacturing IndustrfEmployment Country Shares; AVAMEG8nanual Average of
Manufacturing Industry Employment Growgiithe Sate levet100*{[Natural Logarithm
(Manufacturing Industry Eployment in 2008Manufacturing Industry Eployment in
1981) 1/5B}; AVAMEGR=Annual Average of Manufacturing Industry Employment
Growth at the Macro regional level=100*{[Natural Logarithm(Manufacturing Industry
Employment in 2006 Manufacturing Industry Eployment in 1981) ]/2}. The total

values of the second and fourth columns are less than 100% due to data deficiencies

discussed in the text.
Source IPEADATA.

%*This chapter focuses on manufacturing employment. It is worth mentioning that tertiary sector
accounts for a significant share of employment. In the data used, the tertiary sector, which is
aggregation of sectors of commerce, financial sector, services (not disaggregated further), and

transportation & communications, accounted for about 60 percentotBr1 6 s e

mpl oyment
These components of tertiary sector are considered individually in the calculation of diversity
externality, which is one of the key independent variables of the models estimated in this chapter.

The components of tertiary sectare also considered in Chapter 5 in the decomposition of the
right-hand side of identities of both classic and spatial-shiftre methods.
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Table 3.2 shows the anruaverage growth rates of manufacturing industry
employment from 1981 to 2006. At the national level, this growth rate was 2.56%.

Growth rates vary across macro regions and, within macro regions, across states.

At the macro regional levelthe utheastsouth andnortheast grewat 1.59%,
3.52% and 2.88%respectively These macro regions had relatively high
manufacturing employment shares in 1981: 63.80%, 16.12% and 15.29%
respectively.

In contrast, the centrewest and north, with national manufacturing
employment shares in 1981 of only 2.65% and 2.05% grew, respectively, at
5.38% and 7.46%on average, from 1981 to 200%. the state level, both within
the macro regions and the nation, states that grew fagtesthose with lower
manufacturing industryemployment share in 1981. For instance,thie rorth
macro region the smallest state of Roraima grew at 11.25%. This growth rate is
above those for the two biggest staiteshe region Amazonas and Para, which
grew at only 4.86% and 8.92%

In the rortheast, excluding Alagoas and Sergipe states, all other small states
grew faster than the threleat ledmanufacturing employment share in 198he
growth rates for these leading states were Bahia 2.82%, Ceara 3.08%, and
Pernambucat 1.09%. Inthe centrewest,the leading states of Gas and Mato
Grosso do Sul were quassed by the smaller ones, Mato Grosso and Distrito
Federal Thegrowth rate for the former two stateseve5.19% and 3.69%ndfor
the latter two 7.61% and 6.64%. tine ©utheast, Sdo Pauknd Rio de Janeiro
grew lessthan Minas Gerais and Espirito Santo: the growthsrfatethe former
two states wre 1.28% and-0.05%; for the latter two 3.94% and 3.99RA&stly,
the outhd diggest state, Rio Grande do Sul, grew 2.77%, which wasHhess
4.26% and 3.96% for Parana and Santa Catarina, respectively.

Barro & Salai-Martin (2004, p. 464show howabsolute convergenasan
occurin relation to a given steady state. This is verifigdcalculating variance
( 9} of income, product (or output) arother variable other e s ear cher 6 s
over time. If at the beginning of the peritte variance across regions is higher
(lower) than the variance at the steatigte level, thevariancewill decline
(increase) wer time. Assuming that there is a common steatbhte for

manufacturingindustry employment across Brazilian states, Figure 3.1 shows
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absolute convergenceacross stateswith a downward trend variancef o
manufacturingndustry employmentirom 3.68 in 19830 1.95 in 2006, towards
its unknown steadgtate>® So, in line withthe previous outlined literature that
demonstrated real income convergence in Brattii can be seen that

manufacturing industry employment a@ngence has also been present.

Figure 3.1 Variance of Logarithm of Manufacturing Industry Employment
Across Brazilian States
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3.3.2. Recent Experience of the Brazilian Economy

The Brazilian economy experienced high inflation and stagnation during the
1980s and the beginning of the 1990s, and stabilisation plans failed (Macedo &
Barbosa, 1997) until a successful stabilisation of Real Planin July 1994.
However, the Cruzado &, implemented in February 1986, allowed the Brazilian
economy to stabilise over six months, a short period in which a burst of GDP
growth was observed® Additionally, analysing the period 198®94, Abreu
(2008b, p. 395) points out:

In the years 1981983, during the administration of General Jo&o
Figueiredo (1979985), the last of five successive military

% However, within macr@egions (see Figures 3-Bale in Appendix 3.1), the variance in the
north and southeass higher than that in the northeast, cemtest and south. Only the variance of
the Southeast and South show a clear decline. This suggests that thereg@er® behave
differently. This issue is reconsidered in the conclusion.

%The website 0830 Paul® Regional Council of Econonsc(CORECONYpresents a summary of
measures of plans implemented in Brazil over the period-198@ andheir main results.
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presidents since the military coup of 1964, there was a sharp
deterioration in the Brazilian GDP growth performance. Brazil
suffered its most severrecession of the twentieth century. GDP
fell 4.9 percent from its peak in 1980. After a brief recovery in
19841985 when GDP grew on average 7 percent per arinum
years that also withessed a transition from military to civilian rule
(and ultimately a fuy fledged democracy) growth performance
remained mediocre during the following decades. Between 1981
and 1994 GDP per capita increased on average less than 0.1
percent annually. And there was only limited improvement in the
decade after 1994.

From 1994 to 2004, Abreu and Werneck (2008, p. 432) state that:

In contrast with the previous fifteen years (198®4) there was
some success in the period from 1995, in spite of many difficulties
() But effective growth inpeelr f or mance
to be mediocre: between 1994 and 2004 per capita GDP (gross
domestic product) increased an average of only 0.9 percent per
annum.

Therefore, with the exception of a few short time periods, the Brazilian
economy performed poorly from 1981 to 20@&spite this poor performance, a

slight real i ncome convergence was oObser

2000; Rangelet al, 2008) This subsection investigates whether convergence in
manufacturing industry employment is associated with theweur of per capita
GDP at the state level in all maeregions. To do this, the following questions are
asked. First, is there a relationship between growth of manufacturing industry
employment observed for Brazil and its per capita GDP? Secondlg #ntswer
to the first question is positive, is this correlation also present for states and
macrer egi ons? Can states that follow the
manufacturing industry employment and per capita GDP growth be identified?

To answe the first question, manufacturing industry employment and real per
capita GDP for Brazil areisually consideredsee Figure 3.2fFrom 1985 to 1989
both graphs are upward sloping; from 1989 to 1992 both decline; from 1992 to
1997, while the manufactugnindustry employment is basically constant, real per
capita GDP increases from 1992 to 1994, followed by a decline between 1994 to
1995, and again positive growth from 1995 to 1997. From 1997 to 1998, there is a
fall in manufacturing industry employmentpllowed by strong employment
growth between 1998 and 2006. Per capita GDP declines between 1997 and 1999.

54



After 1999, per capita GDP alsdncreases fairly strongly(but with
oscillations) until 2006.Hence, while the fluctuations diffemanufacturing
industry employment and per capita GIDPBrazil exhibit apositive relationship.
Moreover, the sulperiods 19841988, 19891990 and 200@006 in which
manufacturing industry employment of Brazil respectively gzdadls and grove
againis remarkably constent withthe recent Brazilian economic cycles defined
by Rolim (2008, p. 2, Figure 1). According to Rolim (2008), these aforementioned
cycles refer, respectively, tthe Brazilian presidencies of Sarney, Collor, and

Lula.

Figure 3.2: ManufacturingindustryEmploymentversusreal per capita GDP:
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To answer the second questitiee macreregionsindividually are considezd.
To save space, employment and real Gross Regional Product (GiRE)nmacre
regions has not been graphed. For toetmthe relationship between the two
variables is ambiguous; it is either positive or negative depending on the sub
period withinthe 1985 to 2006 periad~or the northeastyhile the relationship is
ambiguous for the three leading states of Caera, Bahia and Pernambuco, for the
small states ofAlagoas, Maranhdo, Paraiba, Piaui, Rio Grande do Norte and
Sergipe there is a positive relationship between manufacturing employment
growth and real GRP growthAdditionally, the trends in these latter staim®

similar to those of Brazis a whole.
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For the middlewest, the strength of theaelationship depends on the chosen
subperiod for all statesGoids and Distrito Federal do niailow the pattern of
the nation. I'n addi ti oRPfor ZDD6sistaimpst tbreeFe der a
times the national per capita GDPIn the utheastthe trends inS&o Paulo,
Espirito Santo and Minas Gerais aimilar andalso correspond closelg most
cases with the trends iBrazil as a whole However, whileper capita &P of
Minas Geraidollows that of Brazil, this is not the case for manufacturing industry
employmentn that stateAlso,Ri o de Janeiro presents AunN
despite an increaseof per capita ®P along the lines ofBr a z avéral s
performancethe annual manufacturing industry employment growth ratens
average 10. 05 p e roateemtmacrerEgiom theé delgtionshipn t he
between GRP per capita growth anthnufacturing employment growtls
ambiguous for all stateFhe trends irper capitareal GRP are similar to that of
Brazib s r eal per c api tsaottkkeDcBsefor iHanwasturieg t his
employment, especially between 1989 4688.

In conclusion, there is a considerable variety and complexity in the patterns of
regional growth in Brazil. The remainder of the chapter attempts to uncover the
contributions of knowledge externalities, such as suggested by the theories of
MAR, Porter, andlacobs, and operationalised by the manufacturing employment
growth model of Glaesat al (1992).

3.4. Dataand Sources

This chaper makes use of two official data sources in Brazil. The first is IPEA
- Instituto de Pesquisa Econdmica Aplicada, (nstitute of Applied Economic
Researchj® This data sourcprovidesa variety of socieeconomic data collected
from public and private institutionRegionaldata areavailable formunicipaliies
states and macreregiors.

This chapteemploys three typeof data. First, labour market dadeeuse in
which information @ the number oémployed people in each state from 1981 to
2006wasextractedThere are also statevel data orthe percentage of employed
people acrossnine sectors okconomic activity.These are: (1) qaiculture &

In1985Di st r i t aealper capiteGRP WasR$8,319.04in Brazilian R$ of 200pwhile
the national per capita GDRas R$6,336.53 By 2006, the gap increased R$22,321.59in

Distrito Federglcompared witlR$7,532.5For Brazil as a wholeSource www.ipea.gov.br
% The IPEADATA can be found on the website www.ipea.gov.br.
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fishing; (2) commerce (3) construction (4) electricity, water & gas(5) finance;
(6) manufactung; (7) mining, (8) services and (9) transportation &
communicationsFor each stateannualemploymentby sector wagalculatedby
multiplying the percentage of employed people in each sector by thetotaler
employed people of that statkggregated across all statéise calculated sectoral
employmentaacounts forbetween92.22 percentand 99.21percent of reported
countrylevel employmentbetween1981 and 2006, aftersomevaluesin years
with missing dat& havebeen imputed.

Secondly, the number of manufacturing sector establishmestsonsidered.
IPEADATA has one observatioon manufacturing sector establishmeior the
following years: 1970, 1975, 1980, 1985 and 19B% 1985data were usetb
calculatethe competition variable that asincluded in the crossection models of
manufacturing industry employment growth from 1985 to 1995 (see Appendix
3.2.

Thirdly, education data were used. The IPEADATA annually presents a
variety of education indicators for each state from 1981 to 2007. The literacy rate
(100 minus the percentage of illiterate people aged 15 years and older) was
selected as the appropriate ediscaindicator as it is a standard measure of the
level of development.

However, there are two data cavedtsst, there arenissing data for 1991,
1994 and 2000For these yearghe literacy rate was interpolatéy calculating
the average between theighbarring yearsfor each of the years. In relation to
employment, the following twstepprocedurewas applied:first, the averagef
the distribution of the employed population across sectors between the
neighbauring yeas for the states with missing sectoral employment dedas
taken. Next, those percentages were applied to total employment in the state in
each ofthe years listed above. This yielded foeach stateand each year
manufacturing industry employment and employmanéach of theother eight
sectorsUltimately, a completéime series oEmployment by sector and state for
a period of26 yearsvas created

The second data caveat is the level of data aggregation. The level of
disaggregation othe data by region and ¥ sectoris an important issue for

regionalanalysisbecause the more disaggregated the data are, the \idittiee

%9 A discussiorof caveats about how the cells with missing data were filled follows further below.
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the potential founderstanding regional growth patterns. Compatinig chapter
to Glaeseret al. (1992), there is alimitation in the marufacturing industry
employment database. For example, this sextonot balisaggregadd further at
the regional levelin order to see the share of stgwbduction electronics
manufacturing etc in each region.This aggregation issue must be taken into
account because with more disaggregated, da¢aesults found hereould still
change in terms ofign and statistical significanceM¢Cann et al, 2008.
Consequentlywhile this chapter would ideally condutitis studyat the level of
disaggregated data by sabctor withinthe manufacturing sector and also by
municipality, it is in fact limited to focu®n the whole manufacturing sector in the
smallest regional levdbr which there aredata for all ofthe vanables of interest,
namelythe state level’

The second data source is the Ministry of Transportation of Bhsailebsite
providesa table of distances ikilometres betweerstatecapitals and other main
Brazilian cities.Information of distance froméh st at es 6doc X@iutl @los
centre which is the largest centre of economic activity in Brazil, estsacted
Data from the Ministry of Transportation of Brazilas beerusedbecause this
institution has current distance data and also knowledgéhefquality of
infrastructure throughout the country, which is important for the estimation of
distancebetweerplaces the actualdistance between places is not necessarily the
shortest distance)

Appendix 3.2shows the nomenclatussmddefinitionsfor the variables which
are used in the econometric modelling that is discussed in the following section.

Descriptive statistics for all variables are given in Appendix 3.3.

“°The State of Tocantins has been excluded from the analysis because of missing data from 1981
to 1992 (see also Table 3.2 above).
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3.5. Empirical Results and Discussict

3.5.1. Crosssection Model§?

Table 3.3 showsall crosssection models result3wo models inwhich the
dependent variable 1898595 growth of manufacturing industry employment
(columns equations 3.5.1.1 and 3.5.1.2) ee estimated Specialisation and
competitionaredefined in the same mannas Glaeseret al. (1992) Diversity is
defined as ilCombe$ (2000) study that applied Glaesdral®d model using data
on manufacturing and servicas theregions of FranceDistanceis definedas in
Hendersonet alo £1995) study ofown industry employnent in cities of the
United States Educationis measured bythe ¢ a t litcesa@y rate.The second
model uses albf the first moded sariables exceptor the literacy ratevhich is

replaced byhe change in literacy betwe&885and1995.

“1 This chapter has a caveat about thke rof knowledge externalities on regional growth. In

contrast to Glaeser et al, (1992), there is no estimation of wage equation due to lack of data.

“2The test for multicollinearity in all estimated models in this chapter indicates that
multicollinearity s not aconcern According to McCanret al. (2008, p. 10), multicollinearity is

not present if the Variance Inflation Factor (VIF) is smaller than 10. The calculated VIF is
relatively low. For crossection models, the average VIF ranges from 2.11 to 4.09, and the highest

VIF ranges from 2.72 to 62 associated to logarithm of competition and diversity variables,
respectively. For the models that follow on subsections 3.5.2 and 3.5.3 below, the VIF values are

much lower. Fopanelmodels withannualdata the average VIF ranges from 1.21 to 2.48] dre

highest VIF ranges from 1.29 to 7.14 associatétth distance and logarithm of specialisation

variables, respectively, when excludingfam ut | i er 0 case of VI F equals t
the distance variable. Fpooledperiodscrosssectionmodels, the average VIF ranges from 1.24

to 3.03, and the highest VIF ranges from 1.38 to 7.38 associated to specialisation and logarithm of
specialisation variables, respectively, again, excludingianut | i er 6 case of VI F e
associated with distae. Another way taest for multicollinearity is to correlate explanatory

variables. Under this approach, multicollinearity is a concern if the correlation of a pair of
variables is above the threshold absolute value of 0.80 (Mc€aiah, 2008). The regrssoré
correlation acr ossdionmbdelsranges &qmt0dH004d @etweean aligessity and
specialisation) to 0.6897 (between diversity and competition). On the other hand, correlation
across variables of botanel models withannual data aml pooledperiodscrosssection models

ranges from 0.39 (between distance and specialisation) to 0.55 (between logarithm of literacy and
logarithm of diversity). In this latter range-finout | i er 6 case of absolute
(between S&o Paulo ststelummy and logarithm of distance) for theoledperiodsmodels ha

been excluded.
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Table 33: Crosssection Models

Variables Eqg.35.1.1: Eqg.35.1.2: EQ.35.1.3: Eg.35.1.4:
OLS Model OLS Model OLS Model OLS Model
Constant -1.1089**  0.0370 -2.841Z* 0.0163
(-2.83) (0.15) (-2.13) (0.18)
Specialisation -0.1802 -0.1232 -0.0257 -0.0045
(-1.12) (-0.077) (-0.15) (-0.03)
Competition 0.2496* 0.244%* 0.380F** 0.3966* *
(2.22) (2.30) (2.60) (2.95)
Diversity -0.1730 0.0443 0.1227 0.2138
(-0.79) (0.23) (0.85) (1.29)
Distance 0.000F% 0.0139 0.0365** 0.0207
(1.66) (0.33) (2.35) (1.34)
Literacy 0.0150** 0.6166*
(2.85) (2.06)
198595 change in -1.3631 -0.8785
literacy (-1.69) (-1.04)
Number of 26 26 26 26
observations
R? 0.7524 0.6846 0.7306 0.6930
Notes: Significance levels: *=10%, *=5%, and ***=1%pDependent Variablet® O x OE
, I &— , where E and E, is Manufacturing industry employment in 1995 and 1985,

respectively. Estimations are with robust standard errors. While in equations 3.5.1.1 and 3.5.1.2
the dependent variable is VDEP, in equations 3.5.1.3 and 3.5i4 MIEP2. Values of statistics

are in brackets. ¢guations 3.5.1.3 and 3.5.1.4 also differ from 3.5.1.1. and 3.5.1.2 in the following
ways: inequations 3.5.1.3 and 3.5.1.4 the natural logarithm has been taken for all independent
variables, as in Comb&2000), except for 19885 change in literacy in equation 3.5.1.4.

The models have been estimabydOrdinary Least Squar€®LS). In terms
of the significant findingsn equations3.5.1.1 and3.5.1.2 of Table3.3, it can be
noted that in both modelshe coefficient of competition is positive and
statistically significant. This resul't |
externalities. In both models the coefficientdistances insignificantly different
from zero showing independence between distdirmea (the largest market of)
S&oPauloand growh.** Finally, in equation35.1.1, the coefficient ahe literacy
rateis positive as expected and also statistically signifidaence thditeracy rate

is positively correlated with employment growth.

“In many of the models in this chapter, the coefficient of distance is either positive but not
statistically significant or positive and statistically significant. Thiggainst the expectation of a
negative relationship with distance from states:¢
However, states that are far from S&o Paulo may have their growth more dependent on their

nei ghbour sd st at e sPRaulastate market itself. alhis i consistemtewithSke o
notion of 6clubs of convergenced (a-rggpn€)up of st
stated in the conclusion section.
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Equations3.5.1.3 and3.5.1.4 ofTable3.3 show models in which thexodel is
specified as in Combes (2000). Téependent variablis manufacturing industry
employment growthVDEP2 Theindependent variables of the equati@s.1.3
and 3.5.1.4 are similar to those &5.1.1 and3.5.1.2 respectively; however,
naturallogarithns have beertakenexcept for thechange in literacyn equation
35.1.4* The results from both models indie that the coefficient @bmpetition
iIsagainposi tive and statistically significar
externalities Moreover, inmodel 35.1.3 the coefficierst of distancefrom S&o
Pauloandthe literacy rat@realso positive and statistically significant

All crosssection models have higixplanatory power: in equations 3.5.1.1,
3.5.1.2,35.1.3, and3.5.1.4 theadjusted R? is, respectively, 0.75240.6846,
0.7306, and 0.693Mowever, there are only 26 observations for each regression
equation.

Thi s ¢ ha psection dnedelsc areocemsparable with previous studies.
The findings that are simultaneously significant in this chapter and in the previous
seminal papers by Glagset al (1992) for the USA and by Combes (2000) for
France were considered. Glaestal. (1992) estimate three regression models in
which the dependent variable 19561987 employment growtln each city
industry combination in the first model 9561987 wage growthin each city
industry and19561987 employment growtmn the city after excluding the four
biggest industries.

Thi s c heaufist wallbedcempard with those of Glaeseet ald s f i r st
regression modelFor this model these authoestimatedfour equationswith
specialgation in the T'and 4" estimations and competition in th& and 4". They
found a coefficient of speciatation thatis, respectively;0.0128 and-0.00799
Thissupports Jacobs 0 extotedforaBrariltbecaustne Thi s r
specialsation coefficientin equations3.5.1.1 and35.1.2 is not statistically
significant For @mpetition: Glaeseet al. (1992) found).587 and 0.561 which is
consistent with Porter #&eaviluesdadesstihard hypot
half, qualitativelyidentical resukt were found.

4 Equations 3.5.1.2 and 3.5.1.4 were also estimated with the restribtt the coefficient of the
change in the literacy rate is zero. The results displayed did not change much. For equation 3.5.1.4,
while the coefficients of competition, specialisation and distance remained roughly the same (also
in (in)significance), diersity remained positive but became statistically significant at 5% level.
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Although Combes (2000) applied Tobit (for externalities indicators) and
Probit (for regional dummies and density of employment) estimation methods
rather than OLS to address the problentrahcated databecausehis sample
involved French plants of more than 20 work&rs a comparison between
Combesresultsand h i s cdarestil beentade3his is becaus€ombesalso
compared his results to those of Glaeseal. who employed OLS instead of
Probit and Tobit methods. Combes presétt Global Regressions Estimations
(Table 1, p. 340) as well as Annual Global Regressions (Table 4, p. 352) both for
manufacturing industry employment and servic&s.0 mb efidings for
manufacturing industry employmemtre comparedvith estimationsfrom this
chapter.

Combes found0.088 for specialisation on Global Regressions (p. 340} and
0.033 for specialisation on Annual Global Regressions (p. 3®2his chapter,
negative coeftiients were obtainedn Brazil in equations3.5.1.3 and35.1.4
estimations but they are statistically insignificant. Feompetition Combes
found for the aforementioned regressiedd 54 and0.013, respectivelwhereas
this chapter finds for equations 3.5.1.3 and 35.1.4 0.3801 and 0.3966
respectivel vy, which supports. Howevehh Port e
Combes used the inversetofh i s ¢ dorapetitian vasiable, which he nate

thesize of plantsThe expr O&§ i&e—ﬂ%i—é, whefe nbrs and nbg

are the number of plants belonging to sestor ZEzand Fr ance, respe
(Combes, 2000, p. 337Consequently, the findings from this chapter and those

from Combes are consistent with respect to competifondiversity, Combes

found for the Global and Annual Global Regression8.051 and-0.026,

respectively. This resulsupportsb ot h MAR and PorTher 0s e X
coefficients of diversity inrequations3.5.1.3 and3.5.1.4 are clearly inconsistent

with this.

“>The problem of truncation of employment data by firm size is not present in employment data
used in this chapter. Therefore, the use of OLS method is appropriate,
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3.5.2. Panel Modelsvith Annual Data

This subsection presents estimated coefficients of Annual Panel Models of
six manufacturing industry employment growth equations shown in Ba#f8
In equations3.5.2.1to 35.2.3thedependent variable ¥DEP, following Glaeser
et al (1992), whereas irequations3.5.2.4to 35.2.6 it is VDEP2 following
Combes(2000). The role of education in growth was addressed by inclusion of
the literacy ratan equations3.5.2.1 and3.5.2.4 as well as its annual clggin
equations3.5.2.2to 35.2.3 and3.5.2.5t0 35.2.6. Equation8.5.2.3 and3.5.2.6
differ from 3.5.2.2 and 3.5.2.5 in that that the former inclydar and state
dummies. The natural dgarithm is takerfor the specialsation, diversity and
distancevariablesin equations3.5.2.4to 35.2.6 andfor the literacy rate in the
equation3.5.2.4.

In all the six models, the coefficient tie lag of the dependent variaide
negative as expected and also statistically significBetause the dependent
variable is in growth rates, the negative coefficient on the lagged growth rate is
consistent with an autoregressive process in levels. The autocorrelation coefficient
is one minus the reported coefficient and is therefore aroudidtd00.7.In
equations3.5.2.3 and3.5.2.6, which are both models with year and state dummies,
the coefficient ofspecialisationis positive and statistically significant, which
supports both MARand Ported externalities. The coefficient afiversity is not
statistically significant The coefficients on the distance variable show that
employment growth in Brazil is faster the further the state is fronPaato.

In equation 3.5.2.1 the coefficient afhe literacy rates, as expeed, psitive and
staistically significant. That s, the highethe literacy rate the higker economic
growth. Nevertheless, in equati@b.2.4 the coefficient of this variable is not
statistically significantthe cefficient ofthe rate ofannual bangein literacyrate

is alsonot statstically significantin equations3.5.22,3.5.23,35.25 and3.5.26.
The expanatorypower isrelaively low for equatons3.5.21,35.2.2,35.24 and
35.2.5: 0.1029,0.1121, 01396, and).1438 respectively However,as expected,
the R?is much higher forequations3.5.2.3 and3.5.26, which are bth nodels

with time and atedummies

“6 Appendix 3B showsthe descriptivestatistics forthe variables of the cros®ction, panel and
pooledperiods crossection models. These latter two groups of models allow for some control of
(time invariant) omitted variables and may yield therefore more accexédenalities parameter
estimates.
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Table 3.4:Panel Models with Annual Data

Eq. 3.5.2.1: Eq. 3.5.2.2: Eq. 3.5.2.3: Eq. 3.5.2.4: Eq. 3.5.2.5: Eqg. 3.5.2.6:
OLS Model OLS Model with OLS with year and OLS Model  OLS Model with  OLS with year
Variables Education Change st at esd dur Education Change and st
dummies Model
Constant -0.1158** -0.0262 -0.5912** -0.0351 -0.0619* -0.2695***
(-2.55) (-0.83) (-2.42) (-0.15) (-1.81) (-3.85)
Lag of the depender| -0.2956*** -0.2855*** -0.3622%** -0.3344*** -0.3256*** -0.3801***
variable (-4.46) (-4.59) (-8.02) (-5.21) (-5.43) (-7.66)
Specialgation 0.0298 0.0357 0.4676*** 0.0616* 0.060F 0.4370***
(2.07) (1.26) (3.49) (1.92) (1.89) (4.73)
Diversity 0.0126 0.0336 -0.0381 0.0639 0.0521 -0.0443
(0.32) (1.19) (-0.68) (1.30) (1.30) (-0.60)
Distance 0.0192** 0.0159** 0.0001*** 0.0161** 0.0166** 0.0226***
(2.36) (2.05) (4.26) (2.41) (2.44) (5.67)
Literacy rate 0.0012* -0.0060
(2.08) (-0.11)
Annual change in th -1.0081 -0.5470 -0.5596 -0.4527
literacy rate (-1.34) (-0.75) (-0.77) (-0.78)
Number of 624 624 624 624 624 624
observations
R-Squared 0.1029 0.1121 0.3308 0.1396 0.1438 0.3584

Notes: Significance levels: *=10%, **=5%, and ***=1%; Theegendentariableis manufacturingndustryemploymentgrowth. Estimations are with robust
standard errord/alues oft statisticsare in bracketswhile in the euations3.5.2.1 t03.5.2.3the dependent variable is VDER equations3.5.2.4 t03.5.2.6it

is VDEP2.
In equation3.5.2.3the dummycoefficient for2002 was droppedummies coefficients for 1983, 198485, 19871988, 1992001, 2003, 2005 ar?d06 are

negative and statistically significant, while for the other years they are negative but not statistically significaatt I m@In

Ror ai ma Sd, Randosia) Babiaj Manahab Ramibd, Piaug BexgipBistritof or A«

and

S«o

Paul o

wer e

dropped.
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Federal, Goias, Mato Grosso do Sul, Mato Grosso, Espirito Santo, Minas Gerais, Rio de Janeiro, SBarBautmd Rio Grande do Sate positive and
statistically significant; those for Armanas and Ceara are negative and statistically significant; for Alagoas, Pernambuco and Rio Grande do Norte are positive
but not statistically significant. Iequation 3.5.2.6 the dummy coefficient for 2002 was again dropped. All year dummies coefficieptssitive, except for

1999, 2003 and 2006, which are negaiMeut i n these three cases none of them is statistical
and$oPaul o have been dropped. Al tive ant gatistically sighificemin exeept foc RioeGrahde da Sellywthish hadra @eegative s i

and statistically significant coefficient as well as Santa Catarina, for which the dummy coefficient is also negativetdtigtivadly significant.
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3.5.3. PooledPeriodsModels

This subsection presentsodels of aerageannual employmentgrowth for
pooledperiods.The periods are 1981990, 19911998 and 1992006. For these
models threestepswere followed: first,time pools over the series wedefined
(seeAppendix 3.2; secondly, the annual average growth within gaatiod was
calculatel; thirdly, all of these average growth values taken at the statewexel
combineal. This yieldsatotal of 78 observations.

Two groups of three modelsere estimaté. In all models,the changdn
literacy is used rather than literacy ratself. Table 3.5 showsthe results.In
equations3.5.3.1 to 35.3.3 the dependent variable ibased onGlaeseret al
(1992), whereas irequations3.5.3.4 to 35.3.6 this chapterfollows Combes
(2000). The model8.5.3.1 and3.5.3.4, estimated by OLS, involve the following
explanatory variables: spectdtion, diversity, distanceand changein the
literacy rate These models are expanded by the inclusion of year and state
dummiesin equations3.5.3.2 and3.5.3.5 Lastly, equation8.5.3.3 and3.5.3.6are
estimated adfixed effects modeld’ In equations 35.3.435.3.6 the natural
logarithm was taken for all indepéent variables, except for thehange in

literacy:.

“"Fixed, random and betweaffects models were estimated. Hausman and Wald tests involving
the former two models accepted fixed effects model; however, estimations for which these tests
were done did not use the robustrelard errors. Distance and states' dummies have been excluded
as they do not vary over time, but the coefficients displayed without these dummies do not
significantly change compared to the robust standard error estimations. Therefore, a choice to
maintan the fixed effects models estimated with robust standard errors was made. The other panel
models not reported here do not affect the conclusions.

66



Table 3.5:PooledPeriods CrosSection Models

Eqg.35.3.1: OLS Eqg.35.3.2; Eqg.35.3.3: Eqg.3.5.34: Eq.3.5.35: Eg.35.3.6:
Model OLS withyearand Fixed Effects OLS Model OLS withyearand Fixed Effects
Variables state®dummies Model Model state®dummies Model Model

Constant 0.0466 -0.1365** -0.0040 0.0073 -0.0251 0.0956**

(1.40) (-2.01) (-0.09) (0.39) (-1.37) (7.70)
Specialisation -0.0079 0.1256** 0.1049* -0.0033 0.0988** 0.0741*

(-0.59) (3.94) (2.53) (-0.25) (4.32) (2.28)
Diversity 0.0044 -0.0472 -0.0074 -0.0039 -0.0265 0.0027

(0.12) (-0.66) (-0.15) (-0.12) (-0.44) (0.07)
Distance 0.0115** 0.00QL*** Dropped 0.0085** 0.0095** Dropped

(3.42) (7.08) (3.00) (4.64)
Change in literacy over | -0.3788** 0.1810 -0.4012** -0.3999** 0.1952 -0.3926**
successive periods (-4.21) (2.09) (-2.89) (-3.87) (1.22) (-2.88)
Number of observations| 78 78 78 78 78 78
R-Squared 0.1990 0.7030 within=0.1750 0.1813 0.7086 within=0.1628

between=0.011
overall=0.0064

between=0.008
overall=0.0083

Notes: Significance levels: *=10%, **=5%, and ***=1%; Theedendenvariableis the rate of average annuahmufacturingndustryemploymentgrowth per

period. The periods arE981-199Q 19911998 and 1992006. Estimationsare with robust standard errok&alues oft statisticsare in bracketsin equation
3.5.3.2thedummies for Roraima and&® Paulo were droppe@ummy coefficients for Amazonas and Bahia are negative and statistically significant; Dummy
coefficients for Amap, Pag, RondoniaDistrito Federal, Goias, Mato Grosso do Sul, Mato Grosso, Espirito Santo, Minas Gerais, Rio de Janeiro and Parana are
positive andstatistically significant while those for Acre, Bahiavlaranhdo, Piaui, Sergip&io Grande do Sul and Santa Catarina are positive but not

statistically

significant.

Ot her

statesbo

dummy

coefficients

are negati

In equations 3.5.3.4 to 3.5.3.6, the natural logarithm was taken for all independent variables, except for the change lin &tgration 3.5.3.5, the dummies
for Amazonas and@ Paulo were dropped. The dummy coefficients for Acre, AnBpg, RondoniaRoraima, Alagoas, Ced@rDistrito Federal, Gds, Mato

Grosso do Sul, Mato Grosso, PaaAlagoasParaibaPiaui Rio Grande do Norte, Sergipe aifihas Geraisre positive and statistically significant; those for
Rio Grande do Sul and Santa Catarina are negative and statistically signiic&#ard Pernambuco anRio de Janeirdhey are negative but not statistically
significant. The dummy for time periad (19811990) was dropped. The dummy for time period 2 (19998) is negative and statistically significant. The
dummy for time period 3 (1992006) is positive but not statistically significant.
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The results obtained through OLS models (equat®bs3.1 and3.5.3.4)
indicate that the coefficient alistanceis positive and statistically significant.
Again, growth is stronger the further the region is from Bado. The coefficient
of the change in literacig negative and statistically significai®oth the distance
effect and the change in literacy effect are consistent with the neoclassical
convergence hypothesis. Since $&ulo has the highest level of incoarad the
regions furthest away frol8aoPaulo are the least developed, those regions will
have the fastest growth rates. Similarly, when the rate of literacy increases fast,
real incomes will increase and this also lowers the growth rate, in line with beta
convergence.

OLS estimation with year and stalemmy variablegequations3.5.3.2 and
3.5.3.5) finds that the coefficient ospecialisationis positive and statistically
significant, whi ch conf i r msThécodffitientMA R
of diversity is notsignificantin any of the models

The fixed effects estimation (equatio8%.3.3 and3.5.3.6) finds againthat
the coefficient ofspecialisations positive and statistically significant, supporting
bot h MAR and P o.rSimédar t6 McCamnetak (2008, lit can bee s
seen that there is an issue sthbility of signand statistical significanceBy
moving from the basic crosectionmodelsto the panel mods] theresultswith
respect to the impact of thexternalitiesappea unstable: while crossection
models confirm competition and diversity externalities, panel and pooled models
fproved the specialsation externality*® The results are summarised in Table 3.6.

With respect to competitioexternalities, these were camfied in cross
section modelssndconf i r med both Porterds and
because oh lack of establishments data (sdw expressionfor competitionin
Appendix 3.3, the competitionexternalityappears only in crossection models
Therefoe thisis not comparable across modéf§ith respect to gecialsation
this externality was rejecteth crosssection and simple pooled OLS models
However, it has been confirmed in annual panel and pauledels(both OLS

with year and state dunyrmodek), and in thefixed effects models. In these

and

J a

results it provided support for botMAR and Por t e rFibaly, thcheor i es

presence of diversity externalities wasly confirmedin the crosssection model

withoutthe educationvariable

“8 The paneland pooledmodel results are unique and roomparable with the previous seminal
papers Glaese et al, 1992 and Combes, 200@¢causdoth only employed crossection data.
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Table 3.6: A Comparison of Externality Impacts Across Models

Cross-section Amual Parel. oS with Pooked OLS () | Pocled OLSvith Yearand | poojoq (o) Fived Effects
Year and States' Dummies States' Dummies (h)
Externality ~ |MAR  |Porter |Jacobs [MAR |Porter |Jacobs [MAR |Porter |Jacobs [MAR [Porter |Jacobs [MAR |Porter |Jacobs
Specialization + + + + + +

Competition + +
Diversity +

Notes: Sign confirms prediction of the externalities in a situation in which it is
statistically significant. Empty areas mean that the externalities are statistically not
significant. Because of lack afata, competition externalities have not been included in
panel models, so areas are dark in these cases. For pooled models (a) to (c) refer to the
estimated models as shown in the -sebtion 3.5.3. Diversity externalities have been
confirmed only in onecrosssection model after imposing the restriction that the
coefficient of education is zero.
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3.6. Conclusion

Many studies have documented real income converganoag theBrazilian
states. This convergence was also reinforced by this study thassghsment of
Brazilian state@ manufacturing industrgmployment growth whictshows that
poor states grew faster than rich ones from 1981 to 2006. The main question of
this study iswhy this happened. Thzhapterattempted to answer this question
analysing the importance othe theories ofdynamic externalitieproposed by
MarshatArrow-Romer (Marshall, 1890; Arrow, 1962Romer, 1986), Porter
(1990) and Jacobs (1969) for the expl ana
manufacturing industrgmpbyment data.
This chapter found that the aforementioned theories of dynamic externalities help
to explain convergence among Brazilian stakésst, the estimated crosection
models confirm competitioralong the lines ofPorter and Jacobs, and also
diversity externalitiesas suggested hjacobs Even thouglthe findings partially
contrastwith previous studigssuch as those b@laeseret al (1992 and Combes
(2000), they are in accordance with other international studies susathlsiDe
Groot et al (2009). However, this partial confirmation must juelged with
caution because the data used in the above studies are more ddthilegspect
to manufacturing industry employmenttharh i s dataudy 06 s

Secondly, using models not previously applied st contextby Glaeseret
al. (1992 and by Combes(2000 in Tables 3.4 and 33MAR and Porter 6
specialsation externalitiesvere confirmed Thirdly, the analysis of sign stability
showed that while for crossection models competition externalities under Porter
and Jac obaré corfirmeddor the pooled OLS withyear and state
dummy models and fixed effects modefgpecialsation externalities becoe
observed only under MAROGsSs theory. This s
(low competition or more specigdition) theories are valid in some macegions,
Jacobsdé (high competition or diversity)
This resulti s consi stent with the Oclthebs of
convergence literature for Brafsee, for exampleéBrauch & Monasterip2007;
Gondimet al.,2007;Coelho & Figueiredp2007;Magaltéeset al.,2005).
Finally, this chapter hashree caveas. First,to understand Brazilian macro
region® behaviour, it is important to emplayisaggregategpanel models that

focus onindividual regions because externalitieperatedifferently in different
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parts ofthe country. Secomyl, eachtype of externalites appear captured by

specific models: on the one hand, cresstion models picture competition
externalities under both Porter and Jac
Jacobsd theory; on the other hand, annt
specalisation externalities under MAR and Porter if those models are estimated

by OLS with both year and state dummiesaath fixed effects.Further research

is needed on why changing the model specification from a-sext®n to a panel

approach leads to ush apparently contradicting resultsThirdly, that

infrastructure plays a role in growth and convergence of Brazilian states is
acknowledgedDue to complexity of infrastructure (Daumal & Zignago, 2010),

its effects on regional growth will be analysethese three caveats will be

investigated in future research.
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CHAPTER 47 A CENTURY OF THE EVOLUTION OF THE URBAN
SYSTEM IN BRAZIL

4.1. Introduction

Urbansationhas been &ey area of debate among economisim the 1980s
(Rosen & Resnick, 198@arr,1985 Brakman, Garretsen, van Marrewijk & van
den Berg, 1999Black & Henderson, 1999, 200®uranton, 200) The urban
area playsan important rolein the regional economy athe spatial unit where
mosteconomic activities occuA standard method testwhether the distribution
of cities is consistent with various theories of urbanisatido check ifthe power
law holds (Brakman, Garretsen & van Marrewijk, 2009). The power law (or
Pareto distribution) holds when there is a negative loglinear relbipbstween
the size and rank of cities, at least above a certain city size thréSfibid. law,
and specifically the slope of the loglinear relationship, is an important tool for
understanding urban growth. If urban growth is a stochastic process wkeye e
city shares the same expected growth rate and the variance of the growth rate is
al so the same for each city (awetheerred t
distribution of city sizes is lognormal. The upper tail of the lognormal distribution
closely resembles a Pareto distribution. Sometimes this Pareto distribution has a
unitary slope which implies that the product of rank and size among the larger
cities i1s constant, wawi (Gdbaix,i 1999a;, €909%;r r e d t
Eeckhout, 2004, 2009

Previous studies of the power law various countriehavefour limitations.
First, these studiesften justuse crossectioral data on citiesRosen & Resnick,
1980; Swo, 2005; Giesen, Zimmerman & Suedekum, 2009ther works use
panel data on citeebutonly for short continuous time perisqSong & Zhang,
2002 Xu & Zhu, 2009.%* Those who exploit longer time series tend to use only
one observation per decade (Parr, 198%rman & loannides, 200Delgado &
Godinho, 2006; Moura & Ribeiro, 20p6Garmestani, Allen, Gallagher &

9 Glen Stichburyof Waikato University provided helpful advice on Geographic Information

System.

Y paretopioneered the power laim his Cours d'Economie Politiqué1896, 1897)(The New

School, 201Q) However,this law was first applied in economics tlee distribution of income

(Simon, 1955) rather thahedistribution of cities.

*IThe only exceptions are Bosker (20@Bapter 5), who analgsthe distributionof the 62 largest
westGermarncities fom 1925 to 1999andGi esen & Suedekum (2@@9) who t
Zi pf & for the @lwargestwestGermancities at the national level andhe mostly20 largest

citiesat thestate levefrom 1975 to 1997. Both studiesnployannual citydata.
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Mittelstaedt, 2007). Secondlglthough theurban area (or metropolitan area) is
the most appropriate geographical unit of analysi®n the grounds that
agglomeratiorexternalitiesare better captured in this spatial unit (Me@, 2001;
Brakman,Garretsen & van Marrewijk, 2@, °> many previousstudies use data
on the smaller, administratively defined, citiebhis biases the power law
parameter downward. Thirdly, evetudies that employ urban agglomeration data
can be deficist if they useonly crosssectioral datafrom which it is impossible
to test whether agglomeration takes place which would be reflected in an increase
in the power law parameter over tinfRosen & Resnick, 1980Pumain &
Moriconi-Ebrard, 1997 Gabaix & loanides, 2003; BrakmarGarretsen & van
Marrewijk, 2009. Finally, in the city size distribution literature, there are only a
few exceptions Hlack & Henderson, 2003; Gabai% Ibragimov, 2006;
Nishiyama, Osada & Sato, 2008; Bosker, 2008hese studies arenore
concerned with the robustnesstioé power law asto investigatethis law;, theygo
beyond thauseof thestandardeéchniques

This chapter overcomes thedeur limitations by using data on urban
agglomerations at frequent intervals over a long tap@nto test the traditional
power law and one of its modern specificatioBsljaix & Ibragimoy2006. The
chapter tudiesthe size distribution of 185 urban areas in Brazil observed annually
in 102 yeardrom 1907 to 2008. While there are other power &stimates for
Brazil (for example, Brakman, Garretsen & van Marrewijk 2009 suggest an
estimate of 0.7815 based on 193 cities), this is the first application with a long and
continuous time series of urban area populations. This study aims to test whether
the three aforementioned laws hold concerning the size distribution of urban areas
in Brazil: namely the power | aw among tt
case of the power | aw, and Gibratods | aw

The datasetised is unique as its construction is based on a wide range of
geographical and historical information on urban activity rather than on
administrative definitions of cities. The power law suggests that there is a

concentration of economic activity in lagagglomerations. However, such

*2Rosen &Resnick (1980, p. 170)ote thati For si ze di stri bution studies
area is the most desirable choice for an urban unit as it represents an integrated economic unit.

Since many workers and consumersa city often reside in the surrounding suburbs, it seems
reasonable to include these areas in the definit
agglomerations might more closely approximate a functional definition, as they typicallyeinclud
surrounding suburbs where the workers of a city r

73



agglomerations are usually a combination of a core city together with surrounding
smaller cities or townsThe spatial unit of measurement is therefore the urban
area that is consistent with urban economic theory: a singlaultiple core
metropolitan area that has its boundary defined by a transition from
predominantly urban to predominantly rural activity. Using this definition of
urban aregghe power laws confirmedfor the 100 largest urban areas of Brazil.

It also canfirms the lognormal distributioly KolmogorovSmirnov and Shapiro
Francia test{Stephens, 1974Stata software19962012 for all urban areas

Gi b rlawt(@isat, 1931; Eeeckhout, 2004, 2009) was also confirmed after 1984
by panel unit root tests fahe whole sample of urban areas and (to a smaller
extent) by a panel of individual urban areas for bogvin-Lin-Chu and Im
PesarafShin tests (see Levin, Lin & Chu, 2002; Im, Pesaran & Shin, 2003;
Baum, 2003; Bosker, 2008; Stata software, 18962), bu the law was rejected
prior to 1984 in favour of the mean reversion hypothesis.

Conversely, panel unit root tests for the 100 largest urban areas rejected
Gi br at forsall dulaperiods: while for the superiod 1907 to 1939 the
rejection of this law dvoured the mean reversion hypothesis only at 10 percent
significance level; for the superiods 1940 to 2008 a highly significant positive
correlation between growth of urban areas and their initial sizes was found. This
chapterrejecs Zi pf 6s | ralswsuppolt dar thef increasing economic
importance of urban agglomeration in the process of economic development in
Brazil. The traditional power law parameter for the size distribution of urban areas
increases from 0.63 in 1907 to 0.89 in 2008e robustness of the results
checled by employnent ofthe Gabaix & lbragimov (2006) correction method
from which wasfound a power parameter that ranges from 0.60 in 1907 to 0.84 in
2008. From Gabaix & Ibragimo® $2006) method, apanel model pooling the
same range of urban size distributions provides a power law parameter equal to
0.68, which is within the range ofrosssectional estimationsing both traditional
and corrected power law equations

The chapter is orgased as follows. The next sectionisdusses the
background literature on the power law. Section 4.3 describes the data used and
their sources. Section 4.4 briefly outlines the characteristics of the recent
structural transformation in Brazil to provide the context. Section 4.5 discusses

theempirical results. Lastly, section 4.6 provides concluding remarks.
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4.2. Literature

The power l aw of the distribution of
many distributions with fat tails. Income distribution is another socioeconomic
example ofa fat (right) tail distribution and in fact it was to this distribution that
the power law was first applied to by Pareto at the end of tHecdStury. The
New School (2010, paragraph 10) states:

[Pareto] argued that in all countries and times, tis¢ridution of
income and wealth follows a regular logarithmic pattern that can
be captured by the formula: Ldg = log A + mlog x whereN is

the number of income earners who receive incomes highexthan
andA andm are constants.

This law wassubsequetty appliedto thedistribution of German citieas early
as 1913by Auerbach(seeGabaix, 1998, 1999h Overman & loannides, 2001
Gabaix & loannides, 2003pannides & Overman, 2002nderson &Ge, 2005;
Soo, 2005, 2007; Cérdoba, 2008; Bosker, 2008). Auerbanbted therariables
of the power law equation as followN:is population size afhe city with rankx,
with the largest city rardd 1, the second largest city rankedand so onA andm
are parameters: the former is the intercept ¢uatalsthe expected valuef the
logarithm of thdargest city and the latter is tis®ope which equals the power law
parameterThese two parameters arsuallyestimated by OL$the alternative is
the Hil estimator, see Hill 1975) The powerlaw parametem is a negative
number of which the absolute value is known Ggor q) in the city size
distribution literature Zipf (1949) emphasised thepecial case in whickl = 1;
consequently, this particulaacs e i sk n daw (or tlee sani@ize pule)d s

The estimateof U indicatesthe degree of city size distributiokesvness If
Zipfos | aw does npossibiliiesi) il Uxt I the ety sike e t wo
distribution is more uneveandt he bi ggest <city is | arger
i) if U< 1, the city size distribution is more evandthe biggest city is smaller
than Zipb Bw expects”

Of particular interest for the study of development of the urban system in a
country isthe changen the power law parametersver time The change in the

®3n contrast tahe originalwork by Pareto andy Zipf (1949) somestudies putity rank on the
left side of the equation arity size on the rightSeeEeckhout (2004, 2009ndBosker (2008)
and the references therein.

** See BrakmarGarretsen & van Marrewijk (2009), Chapter 7.
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intercept shows the expected growth in the largest city. The change in the slope
parameter suggests whether the distribution of city sizes is becoming more uneven
or even. When agglomerati is becoming more important, the slope parameter
increases over time and in fact, this is what was found for the US (Black and
Henderson, 2003). As noted in the introduction, the power law for larger cities is
consistent withGi b r lamdéseribing theprocess of urban growtkei b rlam 6 s
assumes independence between city growth rate and city\8lzen this law
holds the rank size rules stable over time. In other words, the ratio of the largest
city sizeto each of the other gitsizesdoes not chage overtime. This urban
system stability has economic implicatioftg the distribution of employment,
marketareascity innovation potential as a result of the volume of research in that
city, variety of goods and services in the citypusing marketsetc. The
dependence of economic aggregates of the regi@ountryon the urban system
is exactlyint he spirit of Christalleros and
connect the complexity of economy of the urban area to the areg<suggman,
1996; McCann, 2001; Mori, Nishikimi & Smith, 2005, 2008uranton, 2002,
2007).

City size distribution studies differ in sample size, degree of development of

Lo

the studied country and in either rejagtor confirmingZi pf 6 s | aw. The | |

has taken threapproaches. The first approach uses esessiondataon cities to
testZi pf 6 andfinds & power parameter eithgreaterthan 1 (Rosen &
Resnick, 1980500, 2005) or lesthan 1 (Eeckhout2004 Garmestani, Allen &
Gallagher, 2008). The second approach makes usa knge ofurban (or

metropolitan) arearosssectionsto comparativelyr e j e c t Zipfdéds | aw

Resnick, 1980Brakman, Garretsen & van Marrewijk, Z)orc onf i r m Zi
law (Gabaix, 1998 1999h Galrix & loannides, 2003loannides & Overman,
2003 . The third approach tests for
simultaneously This approach employs paseif cities or urban rhetropolitan)

areas Among studies using this approach, mogect bothlaws (Pumain &
Moriconi-Ebrard, 1997Song & Zhang, 2002Black & Henderson, 2003; Moura

& Ribeiro, 2006; Delgado & Godinho, 200690, 2007Bosker, 2008Xu & Zhu,

2009, but there is some support (Giesen & Suedekum, 2009).
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4.3. Dataand Sources

This chapteruses two official data sourcésom Brazil: IBGE - Brazilian
Institute of Geography and Statistics dREA - Institute of Applied Economic
ResearchThe websites of these twiostitutesaresources ofich sociceconomic
data at national and regial levels.The administrativegeographical unitised is
the municipality. Municipality population data from all censuses fravhich
municipality populatiordataare available athis levelwere obtainedseeTable
4.1); that is covering theperiod from B07 to 2008.The sample of 185 urban
areashas been built up fromi,409 municipalities in Brazi(for details about
municipalities included in every urban area, see Appendix &.hote at the
bottom of this appendix explaif®w merges and splits of mumpalities were
addressefbr the defined urban aréas

Theconstrucion of urban areatook four stepsFirst,a sumof the population
of contiguous municipalities in 2008as takenThe contiguitywas checkedyy
means of 2009 IBGE Brazilian States Patial maps® These maps were
complemented with Googlaaps>°

The definition of urban areas usddhplied that some crossedtate
boundaris>’ Therefore in some casem urban area is a collection of contiguous
municipalities that belong to neighbiug states. The reason is essentially
histoiical. Information @ municipality history and of spbktand mergs of
municipaliies overtime comes fronthe IBGE population data files themselv&s
Other sourceswvere consulted(Tenenbaum, 1996; Fausto, 199@gading the
history of regions and settlements in Brazil

Secondly, the urban arealefinition for 2008 was applied back to 1907The
urban area growttvasobserved both in terms of an increase in population of the
municipalities and birth of new contiguousumcipalities(a detailed appendix is
available upon requesiyhirdly, a smoothingvasapplied to these population data
under the assumption that some observed changes are inconsistent with the

underlying demographic processes. This smoothing took acobmeighbouring

%5 http://www.ibge.gov.br/

%% http://maps.google.co.nz/

*"n fact, to avoid compromising the originality of the tests for thegro Zipf and Gibrat laws for

Brazil, the areas definitions created by bureaucrats and politicians have not been used. For a
discussion of the importance of using functional rather than administrative urban areas, see
Holmes & Lee (2010).

%8 \www.citybrazil.com.brhas also been used. However, the material on this website is essentially
based on IBGE information.
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municipalities as well as temporal changesurfihly, urban are@opulationswere
estimatedfor yearswithout datafrom the official sourcesby interpolation®
Comparison between the calculated and original data for yeanhich both
types of data are availablgsee Table 4.1)suggest that the smoothing and
interpolation do not distort the analystke correlation betweethme original and
the adjustedlatais around).98

In a discussion about sample quality for the power law festende (2004, p.
1547) notes the importance ofig heterogeneous samplef cities. Due to data
limitations the sampleof this chapteidoes not include all urban areas in Brazil
unlike Eeckhoud $2004) USA study. Yet, the samplas heterogeneous that it
involves urban areas of all sizes contrast withother studies that only use the
largest metropolitan areas $uch as:Gabaix & Ibragimov, 2006;Black &
Henderson, 1999)This urban area size heterogeneity is achieved even though
some urban aredbatappeared to have strongly oscillating populations over time
have beerropped. These may be considered outliers.

Table 4.1 Original Municipality Population Data

YEAR SOURCE THE SOURCE
OBTAINED DATA BY
1907 to 1912 IBGE Estimat
1920 IPEA Census
1936 and 1937, IBGE Estimat
1939 IBGE Estimae
1940 IPEA Census
1950 IPEA Census
1960 IPEA Census
1970 IPEA Census
1980 IPEA Census
1985 IBGE Estimae
1991 IPEA Census
1996 IPEA Estimae
1999 to 2008 IBGE Estimag*

*2000 is from Census.

Thedata m urbangationin Brazil have caveats that originated in 1938 during
the Getulio Vargagresidencywhenthe government elevated all municipalities to
city status despitthe economic structure of some municipalities not flitig the
requirements ofan urban economy As a consequence, this overestimated

urbangation in Brazil (Veiga, 2003)After an analysis of law amendments that

**The population of Brasilia, the capital of Brazil that was started to be built in 1956, was
extrapolated back from 1960.
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established new municipalities in Bramlesende (2004, p. 154@dintsto finon

rigorous criteriafo t he creation of municipalities
In recent times,his urban population data probldras been solved by the use

of satellite dataon urban activityffrom EMBRAPA° but these dateefer only to

the crosssection ofBrazilian urban areas that corresp to the2000 population

census Although some authoradvocate their use for the analysis of city size

distributions (Kinoshita et al., 2008), these satellite mapping ddto have

limitations and are subject to criticis@dll & Muller, 2000).

4.4. Structural Transformation in Brazil
4. 4. 1. Brazil s Recent Economic History

Since thearrival of thePortuguese in April 1508nd subsequent colonisation,
Brazil has undegone many phases otrong social, political, economic and
cultural change. This sedection briefly describes the main events that influenced
the city size distribution from 1907 to 2008 order to do so, siperiodsare
definad. The first period is 1907193Q referred toa s Development of the
Republi® (Lobo, 1 9 Bhes, perignd. is ch&a@tead by labour
immigration that was needed to facilitagrowth of manufacturingAlthough
manufacturing grew as a result obreign Direct Investment and exporthe
economy was essentially dependenierports of coffee The fallin coffee prica
duringthe 1929%depressiomeduced state reventiegat wasnecessary for impouf
machinery whichtheindustrialsation policy depended on.

The second period is 193®45 (The Vargas Efa This period is
charactersed by i) national integration policies, combination of authoritarian,
totalitarian and fascist elements atite beginning of themports substitution
procesqLobo, 1996, p. 428)i) theincreasdn internal mgration (Fausto, 1999,

p. 234) and iii) the immigration restriction policyvhich reducedpopulation
growthin the 1930¢Lobo, 1996; Bethell, 2008; Silva, 2008)

The third period is 1943964(De mocr acy or @A Dée.vTasl opment .
periodis markedby: i) the KubitschekGovernment (1954961) thatadopted an
economic policy inspireéeff°blyconRentsated wés t

®EMBRAPA stands for Empresa Brasileira de Pesquisa Agropecuaria (Brazilian Enterprise of

Farming Research). These satellite data eadable on
http://www.urbanizacao.cnpm.embrapa.br/conteudo/base.html

. This theory argues that development has mainly two stages: at the first stage the government
should focus on developing regiucnai inlea@dogh ®awe hdh ¢
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investmentin certainarea (Minas Gerais, Sado Paulo and Rio de Janeiro) where
the preconditions for seHfustained growt existed(Lobo, 1996, p. 428); ii) the
investment for construction of Brasilia gitynaugurated in 1960and another
migration wave from thenortheast to S&o Paulo (Lobo, 1996, p. 429); iii)
incentives for national manufacturing intensifitheimports substitution process
(Fausto, 1999; Abreu, 2008).

The fourth period is 1964984(Di ct at or shi p or ). Hhaut hor it
main characteristicsare (Lobo, 1996; Fausto, 1999; Abreu, 2808i) the
combination of economic stagnation and inlai ( 6 st agf |l ati ond) ;
average real income growthl 1. 2% over the O6ed@fhomic mi
lii) iIncome concentration; iviittle political rights and freedom; strong regulation
of the economy and creation of public institutions (:2674); v) oil shocks
(19741980) causingmacroeconomic instabilityi) redistribution of product that
harmedthe rortheast and benefitetle middlewest,north andsouth regions; vii)
protectionism contractionist policies, arfalling output (19811983).

The fifth period isthe short period 9851989 (Democratic Transition This
period is characterised by hyperinflation and stagnatiastly, the sixtrand most
recent periodis 19892008 (trade liberakation and the return talemocracy
(Lobo, 1996¢). The main events are (Lobo, 1996; Abreu, 2§08breu &

Werneck, 2008): ijhe structural reforms under Collor de Mello (199992) and

Itamar Franco (1992994) presidencies; ii) the policies that aimed to balance

inflation and unemployment were more si&sfal after mid-1994; iii) however,

as Abreu & Werneck (2008, p. 432) point
capita GDP (gross domestic product) increased [at] an avefagdy 0.9 percent

per annu mcaespitedarade libéraatioy theBrazilian economyemains

relatively closedover this periodPr i deaux (20009, p . 16) n o
imports and exports taken together were equivalent to 22% of its GDP in 2007,
compared with 23% for Americao.

Finally, it is worth mting that tie Braziliam economy has been marked by
strongstate interventiorthroughout thel907 to 2008eriod. Politics played an
active role that shaped the seeiconomic structure and the city size distribution.

1996, p. 428)fifnd orhdee rd etvoe | botpankeent ; t hen, at the s
expanded to the |l ess developed regions. The pro
dependent on their development stage is that it creedémal inequality from the outset.
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4.4.2. Urbangsation in Brazil

Figure4.1 showsthat thepopulationof Brazil grewfrom 203 million in 1907
to 1919 million inhabitantan 2008 which implies arannual average growth rate
of 2.2 percentTable 4.2presents the evolution @dhe urban populationn the
sample of urban areaBhe urban populatiodefined by the sample of this chapter
increased from 53 percent of the total population in 1907 to 70 percent in 2008.
For comparison, the urban population share was estimated by the UN Secretariat
to have been 36.2 percent in 1950, increasing to 8&éemein 2008. The
smallest urban area in 1907 w@sianésia do Pan&ith a population of 200. It
remained the smallest urban area until 1945, after wbérhcaratook that place.
The | atterds population was 18,i@@&9 in 20
Janeiro, with a population of just over 1 million. Its population had increased to
4.8 million in 1960. From 1961, Sao Paulo became the largest city, with a
population of close to 20 million in 2008. The average urban area population
increased from&401 in 1907 to 730,383 in 2008.

Figures 4.2 and 4.3 visually display the evolution of the urban system in
Brazil between 1907 and 2008eeAppendi x 4.2 for changes
population across decades). Clearly, the average population of urban area
increased 1Zold over the century. However, population growth was not at a
steady rate over the century. Over time, population growth has changed in an M
shaped pattern. Population growth first peaked in the 1910s and then dropped to a
low in the 1930sAfter that, growth increased again until the 1950s, followed by a
drop and subsequent stabilisation of the growth rate by the 1990s. The second part
of this AMO pattern is consistent with t|
other words, the imease of the urban area population is limited by the contiguous

land area.
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Figure 4.1: Population of Brazil, 1907 to 2008
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Table 4.2:National Population, Urban Population, and Urban Areas Sample (N=185)

Year Total Total Total Sample as a Minimum  Maximum  Average Percentage
Population Sample Percentage of Urban Urban Urban of Urban
(2) Urban Total Population  Area Size Area Size Area Population*
Population  (3) = [(2)/(1)]*100 Size
2)
1907 | 20,253,609 10,804,332 53.35 200 1,039,082 58,401
1910 | 21,819,738 11,670,719 53.49 300 1,103,057 63,084
1920 | 30,559,034 14,675,734 48.02 600 1,378,865 79,328
1930 | 36,000,000 18,098,944 50.27 787 1,814,562 97,832
1940 | 41,169,321 20,431,303 49.63 1,200 2,203,345 110,439
1950| 51,941,078 26,507,511 51.03 869 3,137,977 143,283 36.2
1960 | 70,624,622 37,592,468 53.23 3,321 4,811,937 203,202 44.9
1970 | 93,134,846 52,516,454 56.39 4,421 8,063,414 283,872 55.8
1980 | 119,011,052 73,585,193 61.83 6,000 12,465,119 397,757 67.4
1990 | 145,000,000 93,571,199 64.53 8,577 14,800,000 505,790 74.8
2000 | 166,112,518 112,609,413 67.79 10,457 17,296,131 608,699 81.2
2008 | 191,943,158 135,120,951 70.40 18,789 19,859,740 730,383 86.5**

Notes: For the years without data on the sources, total populationssamadased on the smoothness of the population clitve. minimumareais
Goianésia do Parfiom 1907 to 194%@ndCaracarafrom 1946 to 2008The naximumareais Rio de Janeirérom 1907 to 196@ndSao Pauldrom

1961 to 2008** It refers to 2010.
*Source:The United Nations Secretariat, World Urbanization Prospects: The 2007 Refifiatesa.un.org/unup
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Figure 4.2: The Urban Population of Brazil, 1907 Figure 4.3: The Urban Population of Brazil, 2008

84



