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RESUMO
Este trabalho apresenta um modelo de Equilibrio Geral Computavel interestadual, totalmente
operacional, calibrado para a economia brasileira, que busca quantificar a influencia das
barreiras comerciais para crescimento econémico e a performance de comeércio, assim como
avaliar de que forma a distribuigdo da atividade econémica é afetada quando o pais se abre ao
comércio internacional. Dentre as caracteristicas de maior destaque presentes no modelo, a
modelagem de economias de escala externas, eficiéncia portuaria e custos de transporte
terrestres e maritimos proporcionam uma maneira inovadora de lidar, explicitamente, com
questdes tedricas relacionadas a sistemas regionais integrados. Visando ilustrar o papel
desempenhado pela qualidade da infra-estrutura e da geografia econémica na performance de
comércio inter-regional e internacional do pais, um conjunto de simulacdes é apresentado,
onde as barreiras de ao comércio sdo significativamente reduzidas. A importancia relativa de
tarifas de importacédo (e exportacdo), eficiéncia portuaria e custo de transporte maritimo, para
as relacbes de comércio do pais e seu crescimento regional, €, entdo, detalhada e quantificada,
tanto para cendrios de curto quanto de longo prazos. Um conjunto final de simulages discute
os efeitos da liberalizacdo comercial sobre a desigualdade regional, onde o setor de
manufaturas do estado de S&o Paulo, considerado o nucleo da atividade industrial no pais, €
sujeito a diferentes niveis de retornos crescentes (externos) de escala. Efeitos de curto prazo
do tipo “Centro-Periferia” sdo detectados e caracterizados, sugerindo que a predominancia de
forcas de aglomeracdo sobre forcas de dispersdo podem mesmo exacerbar a desigualdade
regional existente no pais, na medida em que barreiras de importa¢do sdo removidas até um
determinado nivel. Niveis superiores de abertura podem reverter este equilibrio em favor das
forcas de dispersao, implicando em desconcentracéo da atividade econémica. No longo prazo,
a mobilidade de fatores permite uma melhor caracterizacdo do balanco entre forcas de
aglomeracdo e dispersdo em nivel regional. Efeitos regionais de dispersdo da atividade
econdmica sdo claramente detectados, sugerindo que liberagdo do comércio internacional
pode ser benéfica tanto para o estado de Sdo Paulo quanto para as regides mais pobres do
pais. Se por um lado este resultado revela a fragilidade de alguns dos resultados tedricos
recentes da Nova Geografia Econémica - quando contrapostos a sistemas reais, espacialmente
heterogéneos e complexos — por outro lado parece capturar o principal insight desta mesma
literatura: o possivel papel de politicas liberais horizontais de comércio como forgas de

dispersdo, levando a um padrdo mais homogéneo de crescimento econémico inter-regional.

Palavras-chave: Geografia Econdmica; Modelos EGC; Eficiéncia portuéria; Custos de transporte maritimos e
terrestres.



ABSTRACT
This work presents a fully operational interstate CGE model implemented for the Brazilian
economy that tries to quantify both the role of barriers to trade on economic growth and
foreign trade performance and how the distribution of the economic activity may change as
the country opens up to foreign trade. Among the distinctive features embedded in the model,
modeling of external scale economies, port efficiency and land-maritime transport costs
provides an innovative way of dealing explicitly with theoretical issues related to integrated
regional systems. In order to illustrate the role played by the quality of infrastructure and
geography on the country’s foreign and interregional trade performance, a set of simulations
is presented where barriers to trade are significantly reduced. The relative importance of trade
policy, port efficiency and land-maritime transport costs for the country trade relations and
regional growth is then detailed and quantified, considering both short run as well as long run
scenarios. A final set of simulations shed some light on the effects of liberal trade policies on
regional inequality, where the manufacturing sector in the state of S&o Paulo, taken as the core
of industrial activity in the country, is subjected to different levels of external economies of
scale. Short-run core-periphery effects are then traced out suggesting the prevalence of
agglomeration forces over diversion forces could rather exacerbate regional inequality as
import barriers are removed up to a certain level. Further removals can reverse this balance in
favor of diversion forces, implying de-concentration of economic activity. In the long run,
factor mobility allows a better characterization of the balance between agglomeration and
diversion forces among regions. Regional dispersion effects are then clearly traced-out,
suggesting horizontal liberal trade policies to benefit both the poorest regions in the country
as well as the state of Sdo Paulo. This long run dispersion pattern, on one hand seems to
unravel the fragility of simple theoretical results from recent New Economic Geography
models, once they get confronted with more complex spatially heterogeneous (real) systems.
On the other hand, it seems to capture the literature’s main insight: the possible role of
horizontal liberal trade policies as diversion forces leading to a more homogeneous pattern of

interregional economic growth.

Keywords: Economic Geography, CGE model; Port efficiency; Land-maritime transportation costs
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1. INTRODUCTION

The main purpose of this work is to trace out and relatively quantify the basic general
equilibrium effects of barriers to trade (here defined in a broader sense to include tariffs, port
costs and land/maritime transportation costs) on the Brazilian economic growth, foreign trade
performance and regional inequality. For that matter, an interregional Computable General
Equilibrium model (CGE for short) is specified where some of the main features of the New
Economic Geography, such as economies of scale and transportation costs, are
accommodated. The Brazilian economy is divided in 27 regions where agent behavior is
modeled at the estate level under perfect competition. There are eight sectors corresponding to
eight commodities produced in each state that individually commercializes with a single

foreign consumer.

The results presented are expected to contribute to at least two recent strands of research on
the international trade literature. Firstly, this work proposes a comprehensive dialogue with
the empirical literature on the effects of transportation costs on bilateral trade, where gravity
models are at the center stage. In that sense, an innovative way to estimate port costs and
ocean shipping costs will be proposed, circumventing some of the usual methodological flaws
typically found in ordinary least square estimations. As will become clear, the effects of
transportation costs on bilateral trade can be quite well overestimated by ordinary partial
equilibrium “gravity” analysis. Secondly, results in this work have also a substantial
interconnection with the general literature on trade liberalization and its effects on the location
of economic activity. Reported results suggest a non-uniform pattern of activity diversion as
the economy liberalizes, unraveling the fragility of simple theoretical results from recent New
Economic Geography models, once they get confronted with more complex spatially

heterogeneous real systems.

This work comprises four distinct chapters. The first one is devoted to spell out the
microeconomic structure of the CGE model applied in the subsequent chapters. Special
emphasis will be given to the functional forms used to model agent behavior, the functioning
mechanism of factor markets and the theoretical aspects related to the introduction of

economies of scale as well as transportation costs. The remaining chapters are fully devoted to



the presentation of three distinct (though correlated) modeling exercises. Due to the existence
of a clear - and intentional- interconnection among them, some redundancy on the literature
review preceding the modeling results in each chapter is unavoidable. This is particularly true

for chapters 2 and 3.

The first modeling exercise is presented in chapter two and is perhaps rather ambitious in its
scope. It addresses both the role of barriers to trade on Brazilian trade and growth as well as
the effects of trade facilitation on the location of economic activity. The idea is to invite the
reader to a preliminary reflection on the complexities of both topics in a rather simpler (short-
run) analytical framework, where factors of production are immobile, investments are fixed
and only liberal import side policies are considered. The basic conclusions from this
preliminary short-run exercise are that while ports and ocean shipping costs do affect the
Brazilian trade performance, tariff cuts are still the most efficient way to stimulate Brazilian
foreign trade relations. Even a unilateral import tariff reduction can bring substantial benefits
to the Brazilian economy. Regarding the relationship between trade facilitation and regional
inequality, modeling results suggest that substantive trade liberalization shocks can contribute
to ameliorate pre-existing regional disparities in the short-run. If on one hand Sao Paulo’s
industry is unable to explore additional economies of scale in the short-run, on the other hand
the poorest regions in the country have facilitated access to cheaper products from abroad.

The main issues raised in the first modeling exercise are then carefully retackled in chapters
three and four, this time in a rather complex and more appropriate (long-run) analytical
framework, with total factor mobility, endogenous investment decisions and the consideration
of multilateral (export/import side) liberal trade policies. Chapter three exclusively addresses
the long run role played by barriers to trade on Brazilian trade and growth, discriminating and
relatively quantifying its effects among its main components (tariffs, roads, ports and ocean
shipping costs). The long run effects of trade infrastructure on Brazilian trade and growth now
seem to deserve more attention than in the short-run scenario, but they are still not as
important in magnitude as correspondent multilateral tariff cuts, at least when compared
individually (i.e. roads, ports and ocean cost shocks individually compared to multilateral
tariff cuts). Perhaps more interestingly, model results suggest that while improvements in the
poor Brazilian trade infrastructure can significantly stimulate its trade performance, the lack
of public investments in this sector can be hardly blamed for the country’s disappointing trade

performance over the last two decades. This seems to be even more evident when the
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Brazilian economy is compared to developing countries that undertook similar trade
liberalization policies in the nineties, such as China and India.

The modeling exercise in chapter four is fully devoted to shed some light on the possible
long-run effects of multilateral trade liberalization policies on the location of economic
activity in Brazil. Since investment decisions are assumed to be endogenous in the long run,
Sdo Paulo’s industries are now able to take advantage from trade liberalization, exploring
additional external economies of scale at the regional level. Trade liberalization seems also to
benefit the poorest regions in the country, with a facilitated access to external markets. A very
interesting pattern of relocation of economic activity emerges from the modeling results: The
state of S&o Paulo and the poorest macro-region in the country (an aggregation of the north,
northeast and the center-west regions) are clearly benefited from trade liberalization. On the
other hand, the richest macro region in the country (an aggregation of the South and Southeast
regions — S&o Paulo excluded) are clearly worse off. Finally, the role of scale economies as a
concentration force and the role of trade liberalization as a diversion force are both clearly
unraveled from model results, suggesting liberal (horizontal) trade policies as an additional
market instrument to fight historical regional disparities in Brazil, even under high levels of
economies of scale at the core of economic activity in the country.

2. THE CGE MODEL’S MAIN FEATURES

The functional structure of the Interregional CGE model specified in this work can be
categorized in a wide class of the so called ORANI models (Dixon et al, 1982) originally

developed for the Australian economy.

In the Australian tradition of CGE modeling, the approach developed by Johansen (1960)
plays a key role. Accordingly, model equations are linearized and variables are treated in
percentage changes. Solutions are obtained by solving a system of linear equations, making
use of the implicit function theorem. A typical result shows the percentage change in an
appropriate set of endogenous variables, after a policy shock is carried out, compared to their

initial equilibrium values. Johansen type formulations are particularly useful for policy
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projections over complex economic systems, demanding much less computational effort when
compared to the CGE models formulated in the American tradition (generally with a great
number of non-linear equations and variables treated in levels). More details can be found in
Dixon et al (1992), Harrison and Pearson (1994, 1996), and Dixon and Parmenter (1996).

2.1. The core structure

The microeconomic structure of the CGE model specified in this work profited from a
previous specification called B-MARIA-27" (Haddad and Hewings, 2005), itself an extension
of the B-MARIA model (Haddad, 1999), the first fully operational CGE model for the
Brazilian economy. Both models have their theoretical structure based on the previously
developed MONASH-MRF (Peter et al, 1996), a multi-regional forecasting model in the
ORANI suite of CGE models of the Australian economy.

The model is calibrated for 2002 and requires sectoral and regional information about the
Brazilian economy. National data (such as input-output tables, foreign trade, taxes, margins
and tariffs) are readily available from IBGE (Brazilian Bureau of Geography and Statistics).
They are disaggregated at the regional level according to a state-level accounting
methodology developed at FIPE-USP (Haddad et al., 2002). National and state level
information are finally put together in a balanced interstate absorption matrix (see also,
Haddad, 1999; Guilhoto et al, 2002).

It divides the Brazilian economy in 27 regions (corresponding to its 26 states plus the Federal
District), where agent behavior (firms, consumers and government) is modeled at the regional
level, making possible to accommodate variations in the structure of regional economies.
National figures are obtained from the aggregation of regional results (bottom-up approach).
The perfect competition assumption implies all agents are price takers. There are eight
sectors: Agriculture, Manufacturing, Utilities, Construction, Trade, Financial Services, Public
Administration and Transportation. Each sector corresponds to eight commodities and eight
investment goods produced in each region. All (eight) productive sectors demand three

! B-MARIA-27 — Brazilian Multi-sectoral And Regional/Interregional Analysis model.



12

domestic primary factors: Land, Labor and Capital. Final demand is composed by household
consumption, investment, net exports and regional as well as federal government
consumption. Regional government consumption comprises (exclusively) local expenses at
both municipal and state levels. There is a single foreign consumer who trades with each state,

with no feed-back effects modeled.

The core structure of the model is composed of a set of optimizing demand and supply
conditions, representing households, government and firm’s price-taking decisions. Nested
functional structures of production and consumption are employed, offering substantial choice
flexibility between goods produced either locally, in other national regions or abroad. Other
sets of equations describe government finances, accumulation relations, regional labor/capital
markets and market clearing conditions. Moreover, several regional and national aggregates
are also defined, such as price levels, tax revenues, components of real and nominal

GRP/GDP, employment aggregates and balance of trade.

e The nested structure of production for final goods

The production function for sector j:1...8, located in region q:1...27, has the following nested

structure as described in Figure 1.

f

| FinalGood, |
Leontief
to |
|For./Dom.Composite.]|---{For./Dom.Composite.d | Primary Factors |
T
1
CES I CES
| | | |
| Dom.Composite.1| | Importsofproduct 1 | | Land | | Labor | | Capital |
CES
I |
Reg.1f-- oo Reg.27]

Figure 1. Nested structure of production for final goods
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Costs are minimized following three hierarchical levels. At the bottom level, firms substitute
among inputs produced in different regions of the country, comprising eight (CES — Constant
elasticity of substitution) production nodes and resulting in eight corresponding domestic
bundles (composite inputs) for each input available in the economy. In the second level, firms
can substitute between domestically produced bundles and the corresponding imported inputs,
on the one hand, and among the three primary factors available (capital, labor and land) on the
other. Lastly, in the first level intermediate inputs and primary factors are used in fixed

proportions (no substitution), according to a Leontief node of production.

A typical CES cost minimization node (at the bottom level) has the following structure:

X1 (15 1,0)

[

CES
i Xi,27

‘ | to ‘ \
Reglp=-===---- Reg.2

Figure 2. Typical CES cost minimization node

X1

where X jq) IS the demand for domestic bundle of inputs i, in the production sector j, located
in region q. X is the optimal demand for input i, produced in region s. The cost minimization

problem in Figure 2 can be written as follows:

27 r

M'”Z _Pi,s,q ><i,s
s=1

Subjectto:

27 “Up
X =A Zéi,sxp'}
=

1c(i,j,q) 1S

Figure 3. Cost minimization problem relative to a CES node
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In the CGE model, a typical (linearized) optimal demand for input X;s is derived from the
solution of the cost minimization problem presented in Figure 3, as presented in equation
(1.1) below:

X1(isj.)= XicGij.a) - SiOMarc) ™ (Pidsja-Pictjap) (1.1)

where Xusjq 1S the optimal demand for input i, produced in region s, from the production
sector j, located in region q; Xi(ij,q) IS the optimal demand for the domestic bundle of inputs i,
from the production sector j, located in region q; SIGMAc is the elasticity of substitution
across similar goods produced in different regional sources (27 regions); pusjq) 1S the price
paid by producer j, located in region ¢, for the consumption of input i, produced in region s;
Picijq) 1S the weighted average price paid by producer j, located in region g, for the

consumption of a bundle of similar inputs i, produced in different domestic regional sources.

At the second level of the nested production structure in Figure 1, a typical CES cost
minimization node has the following optimal (linearized) set of demands for intermediary

inputs:

Xic(ij.a) = X1o(ij.q) = SIIMa10G)* (P1c(ij.q)-P1oi ) (1.2)

where Xic(jq) IS the optimal demand for the domestic bundle of similar inputs i, from the
production sector j, located in region q; Xiojq) IS the optimal (Leontief) demand for the
foreign/domestic bundle of inputs i, from the production sector j, located in region g;
sigmayogy is the elasticity of substitution across similar goods produced domestically and
abroad; picijq IS the price paid by producer j, in region g, for the consumption of the
domestic bundle of inputs i; piojq IS the weighted average price paid by producer j, located
in region g, for the consumption of a bundle of similar inputs i, produced either domestically

or abroad.

Equation (1.2) is slighted modified in order to accommodate the optimal demand for imported
inputs in the second level of Figure 1, according to equation (1.3) below:

X1, “foreign”,j.q)= X10(ij,q) = SI9MA10G)* (P1(,"foreign” j,a)~P10(i,j.c)) (1.3)
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Where Xy “foreign” j¢) 1 the optimal demand for imported input i, from the production sector j,
located in region ¢; Pigforeignjq) 1S the price paid by producer j, in region g, for the

consumption of imported input i.

Optimal demand for primary factors (labor, capital and land) follows the same functional
structure presented in equations (1.1), (1.2) and (1.3) and will not be presented. It is
noteworthy that, as Figure 1 shows, primary factors can’t be imported.

e The nested structure of production for capital goods

Production of Capital goods (to be used as a primary factor in the production of final goods)
in sector j:1...8, located in region q:1...27, has its nested structure of production as describe

in Figure 4:
| Capitalgood,;; |
Leontief
- to -
-------------------
| Dom.Composite.ll | Importsofproduct 1 | | Dom.Composite.8 | | Importsofproduct 8 |
CES CES
to to
Reglf-=-=-=---- Reg.27] Reg.lf~-=-=-=---- Reg.27

Figure 4. Nested structure of production for capital goods

Costs are again minimized following three hierarchical levels. Substitution possibilities in
Figure 4 follow the same logic as the one described for the nested structure employed in the
production of final goods (Figure 1). The only difference is that primary factors are
considered not to be used (directly) in the production of capital goods. However, they are

indirectly used through the consumption of the inputs produced in the other sectors of the
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economy. Investment levels in the formation of capital goods by each regional sector are
determined according to a set of capital accumulation equations described elsewhere in the
model. Given the investment level by sector and region, capital goods a produced according

to the nested structure described in Figure 4.

e The nested structure of consumption for households

Households located in region g:1..27, maximize their utility according to a nested CES/linear

expenditure system (LES) preference function (Figure 5).

Utility
|
LES
|
l o |
|For./Dom. Composite.]l- ------------------ |For./Dom. Composite8|
CES CES
| | | |
| Dom.Composite.ll | Importsof product 1 | | Dom.Composite.Bl | Importsofproduct 8 |
CES CES
l | l |
to to
Reg.lf------1 Reg.27 Reg.lf-==-=---1 Reg.27

Figure 5. Nested structure of consumption for households

Utility is maximized subjected to the household regional budget constraint, following three
hierarchical levels. At the bottom level, households can substitute across domestic goods from
different sources of supply, according to the maximization of a CES (constant elasticity of
substitution) type utility function. In the second level, households can substitute across
composite domestic inputs and corresponding imported inputs, resulting in eight types of
domestic/foreign composite inputs. In the subsequent upper level, composite domestic/foreign
bundles are chosen according to the maximization of a per capita Stone Geary (LES) utility

function of the form U°® =Zé(Xf -y )ﬁ , with 3 ° =1, where only regional aggregate

consumption levels of commodity i (X) above respective subsistence levels () can
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possibly generate welfare gains to households located in region s. The methodological aspects
of parameter estimations for regional Stone Geary utility functions are discussed in Haddad
(2004). It is noteworthy that with regional estimated parameters, the model accommodates

possible regional variations in household consumption patterns

2.2. Other relevant sets of equations

e EXxports

Regional exports face (CES type) downward sloping demand curves. The higher the FOB
(free on board) price for a given exporting commodity produced in a given region, the lower
will be foreign demand. The price effect will be higher the greater the magnitude of the

elasticity of foreign demand.

The model describes foreign demand for national products (in percentage form) as below:

Xar(i.s) = feqqy + exp_elasty* [Par(is)-fepag)-fepzqs-natfep] (1.2.1)

where Xar(s) IS the foreign demand for domestic product i, produced in region s; exp_elastg is
the price elasticity of foreign demand for product i; pas) is the free on board (FOB) price for
domestic product i, produced in region s; feqg is a modeling parameter representing possible
foreign demand shocks; fepi), fepas), and natfep are also modeling parameters representing
possible (different types) price shocks.

e Government

Data base allows the discrimination between consumption of public goods by both federal and
regional governments. However, productive activities carried out by the public sector can not
be isolated from the ones carried out by the private sector. Therefore, the model assumes
government behavior to follow the same cost minimization racionale adopted by

entrepreneurs in the private sector. A standard procedure is to assume that regional (federal)
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government consumption can be proxied by regional (national) household consumption
patterns.

e Transportation costs

In order to address the possible spatial effects caused by the existence of huge inter-regional
transportation costs in Brazil (following recent theoretical advances in the New Economic
Geography modeling tradition), the CGE modeling framework takes into account the specific
transportation cost structure of each commaodity flow in the economy, accommodating price

differentiation among similar goods produced in different regions of the country.

Transportation services (or margin-commodities) as well as transportation goods are supplied
by a regional resource-demanding optimizing transportation sector, according to a nested
CES/Leontief production function such as the one presented in Figure 1. The regional
transportation sector produces transportation goods consumed directly by users (such as cars,
trucks, etc...) and supplies transportation services (margins) used in the shipment of
commodities from the point of production to the point of consumption. In a given consuming
region, regionally produced transportation services provide the main mechanism to physically
bring products (intermediate inputs, capital and final goods) to within the regional border.
Also, regional exporters use transportation services to take exports from the production site to

the respective port of exit.

It’s noteworthy that, contrary to the demand for transportation goods, demand for
transportation services is modeled following an ad-hoc rule. Accordingly, it is assumed that
demand for transportation services are proportional to the commodity flows with which the

services are associated. A typical functional form in levels is presented as follows:

Xwars(is.=aMargqsq*[ 1 aso*Xasq " "> (1.2.2)

where Xuara(is,g) 1S the transportation service expenses (real values) associated to the flow of
commodity i, produced in region s and consumed in region ¢; amarg;sq IS a variable
associated to the simulation of possible technological shocks occurred in commodity-specific

origin-destination flows; 7 sq) IS a fixed parameter corresponding to the margin rate on
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specific basic flows; Xisq is the flow of commodity i, produced in region s and consumed in
region q; 0 isq IS a parameter reflecting economies of scale to (bulk) transportation. In the

calibration phase, this parameter is set to one, disregarding any possible scale effects in bulk

transportation.

More details on the modeling of transportations services can be found in Haddad (2004).

2.3. Behavioral Parameters

e Elasticities of substitution

Exports price demand elasticities as well as inter-regional and international elasticities of
substitution were employed according to previous estimated values found elsewhere in the
literature (Tourinho et al. (2002), Haddad and Domingues, (2001); Haddad, (2004)).

Table 1.3.1. Trade Elasticities

International Inter-regional Exports
Agriculture 0.343 1.570 -13.20
Manufacturing 1.278 2.079 -1.90
Utilities 0.011 1.159 -0.80
Construction 0.002 0.002 -1.00
Trade 0.694 0.001 -3.00
Financial Services 0.137 1.385 -2.10
Public Administration 0.070 0.001 -3.60
Transportation 1.465 0.001 -1.70

Source: Haddad (2004).

e Parameters of economies of scale

Previous model specification allowed the introduction of economies of scale at the industry
level (Haddad, 2004). Since economies of scale (at the industry level) are external to firms,

the model implicitly assumes industry growth to be mainly dictated by the entrance of new
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small firms. Therefore, the price-taking assumption can be maintained and the perfect
competition framework is preserved (Helpman and Krugman, 2002).

The existence of economies of scale at the industry level (or Marshallian externalities) is
basically an empirical issue. Data constrains restricted the use of econometric tolls exclusively
to the set of regional manufacturing sectors in the Brazilian economy, at the first level of their

nested production functions (Figure 1).

The selected sets of equations were those related to the optimal demand for a bundle of
primary factors. As describe in Figure 1, the output of the CES node of primary factors
(second level) will correspond (in general equilibrium) to the optimum (Leontief) demand for
a bundle of primary factors (first level). This last equation can be represented (in its

percentage form) as below:

X1primG.q) = [MRP(,9]1*Z¢,q)+ a1(,q)Fa1prim(j.q) (1.3.1)

where Xiprim(j,q) IS the optimal demand for a bundle of primary factors (land, labor and capital)
at the first level of the nested production function, from sector j, located in region q; MRP;j g
is the parameter of scale economies of sector j, located in region g. The usual constant return
assumption requires MRP;=1. For MRP; 4 > 1, there are evidence of external economies of
scale. On the other hand, for MRPq < 1, there are evidence of external diseconomies of
scale; zjq is the activity change of sector j, located in region q; aiq and aiprim(q) are
technological variables for the representation of possible technological shocks.

The basic equations set up for the OLS estimation of the regional parameters (MRP) are
simplified versions of (1.3.1.) and are detailed in Haddad (2004). Estimated values for
regional scale parameters are listed in Table (1.3.2), but only for those estimators that can be

considered statistically different from one.
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Table 1.3.2. Estimated regional scale parameters (manufacturing sector)

Region MRPA
Amapa 1.110
Rondonia 0.780
Maranhéo 1.135
Piaui 0.890
Sergipe 1.091
Minas Gerais 0.892
Sao Paulo 0.951
Parana 0.956
Santa Catarina 0.965
Rio Grande do Sul 0.961
Mato Grosso 0.818
Brasil 0.907

Source: Haddad (2004).

Basically, all the states located in the most developed macro-region in the country (center-
south) showed some evidence of (external) economies of scale. There was some evidence of
diseconomies of scale in some poor states of the country, such as Amapa, Maranhdo and
Sergipe. Surprisingly, other poor states such as Piaui and Mato Grosso showed some evidence

of economies of scale at the industry level.

2.4, Closures

As usual, the model contains more variables than equations. Thus, in order to close the model,
the values of an appropriate set of variables must be selected exogenously. This selection will
be dictated by functional appropriateness in the first place (otherwise the model solution may
be indeterminate or even inexistent) as well as by the set of questions the modeling exercise

will try to approach.

Simulations can be carried out under short-run and long-run closures. The main distinctions

between the two closures are basically driven by the assumptions on capital and labor
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markets. Regarding capital markets, the short-run closure assumes interindustry and
interregional immobility of capital, and fixed investment expenditures (firms cannot
reevaluate their investment decisions in the short-run). Regarding labor markets, it assumes
fixed regional population and labor supply, fixed regional wage differentials, and fixed
national real wage. Regional employment is driven by the assumption on wage rates, which
indirectly determine regional unemployment rates. Moreover, household consumption follows
household disposable income, and government consumption (both federal and regional levels)

is fixed.

In the long run closure, a steady-state type solution is proposed. There is free-mobility of
capital across regions and industries. Capital and investment are generally assumed to grow at
the same rate. Capital is oriented towards more attractive industries, keeping rates of return at
their initial levels. Regarding labor markets, aggregate employment is determined by
population growth, labor force participation rates, and the natural rate of unemployment. The
distribution of the labor force across regions and sectors is fully determined endogenously.

Labor is attracted to more competitive industries in more favored geographical areas.
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3. ESSAY ONE:

“On The Effects of Scale Economies and Import Barriers on Brazilian Trade
Performance and Growth: An Interstate CGE Analysis”

1. Introduction

The improvement of a country’s trade performance and of its ability to participate fully in the
world economy entails a great understanding of the interplay between trade and trade costs
and of the magnitude of the barriers to trade that they create. Lower barriers to trade imply
lower prices for final goods, possibly improving both a country’s foreign trade and growth
performance. Aside from this rather intuitive role, another important (perhaps less intuitive)
dimension for trade costs concerns its spatial effects on the economic landscape of countries.
The changing accessibility of either foreign or local markets due to changes in trade costs may
significantly contribute to the relocation of economic activity across countries and domestic
regions. Relocation effects may be a rather crucial issue specially for economic systems with

a persistent background in regional disparities such as the Brazilian economy.

Trade costs can be broadly divided into several categories, including some of the most
commonly investigated such as tariffs, transport costs (roads, ports and ocean shipping costs),
costs of delays and uncertainty of delivery, just to mention a few. This paper will be directly
concerned with some of the key components of trade costs at the country border: Tariffs, Port

efficiency and Ocean shipping costs.

Two main questions will be addressed. Firstly, the effects of import tariffs, port efficiency and
ocean shipping costs on Brazilian foreign trade and growth will be isolated and quantified.
This information may shade some light on the most efficient way to improve Brazilian foreign
trade performance, a rather important and frequent concern for policy makers in the country.
The second question has to do with the interplay between barriers to trade and regional
inequality. A central concern is the possible effects of foreign trade facilitation on the
exacerbation of pre-existing regional inequalities in Brazil, meaning further concentration of

economic activity in the already richer center-south region of the country.
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e Literature Review on Trade Costs

For most of the post-war period, tariff reduction had been the focus of bilateral and
multilateral trade talks among countries worldwide. For instance, Asia has reduced its average
tariff rate from 30 percent at the beginning of the 1980s to 14 percent by the end of the 1990s,
and Latin America has reduced its average tariff rate from 31 percent to 11 percent through
the same period. Since 1950, the average US import tariff rate has dropped from 6.0 to 1.5
percent. Also, between 1960 and 1995 worldwide average import tariff rate has dropped from
8.6 to 3.2 percent (Clemens and Williamson, 2002). As liberalization continues to reduce
artificial trade barriers, other categories of trade costs began to receive greater consideration
by international trade economists. Nowadays it is widely accepted that the effective rate of
protection provided by, for example, transport costs is, in many cases, considerably higher

than that provided by tariffs.

From 1950-2004, world trade grew at a rapid average rate of 5.9 percent per annum. The
annual growth rate of manufacturing trade was even faster, at 7.2 percent. For the world as a
whole, the ratio of trade relative to output more than tripled over the last five decades (WTO,
2005). According to Hummels (2007), besides tariff reduction “one possible explanation for
the rise in international trade is a decline in international transportation costs. The economic
effects of improved transportation are apparent not only in how much trade has grown, but
also in how trade has grown. Improvements in the quality of transportation services — like
greater speed and reliability — allow corresponding reorganizations of global networks of

production and new ways of coping with uncertainty in foreign markets”.

A study of the World Bank (2001) shows that for 168 out of 216 US trading partners,
transport costs barriers outweighed tariff barriers. For the majority of Sub-Saharan African
countries, transport costs incidence for exports (the share of international shipping costs in the
value of trade) is 5 times higher than tariff cost incidence (the trade weighted ad valorem duty
actually paid). Similarly, for many countries in Latin America and the Caribbean, transport
costs account for a larger share than tariffs in the import price. Moreover, freight costs in
developing countries are on average 70 per cent higher than in developed countries, and they

are the highest in Africa, where they are twice the world average.
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In 1997, total import freight costs represented 5.25% of world imports. This percentage,
which may seem low, is mainly driven by developed countries, which represent more than 70
percent of world imports and whose proximity to each other is reflected in a relatively low
freight cost (4.2%). When disaggregating these costs by region, they turn out to be
substantially higher. Although Latin America appears to have low freight costs relative to the
other developing regions (7% compared to 8% for Asia and 11.5% for Africa), the Latin
American figure is weighted by Mexico’s proximity to its main trading partner, the United
States, and consequently low freight costs. When Mexico is excluded, Latin America average
freight costs rise to 8.3%, more similar to the rest of the developing countries. For some
countries such as Chile and Ecuador, maritime freight rates (CIF-price/FOB-price) exceed by

more than twenty times the average tariffs they face in the US market (Clark et al, 2004).

How much do trade costs affect the trade performance of a country? How much do these costs
can be minimized by sound government trade policy? Taking transport costs as a starting
point, the broad literature shows that transport costs depend both on countries’ geography and
on their levels of infrastructure. The geographical measures generally considered in the
literature are distance between countries, remoteness (distance from the biggest markets),
whether countries share a common border and whether countries are landlocked or are
islands. According to Lim&o and Venables (2000) landlocked countries on average in 1995
had an import share in GDP of 11%, compared to 28% for coastal economies. Of the top 15
non-primary export performers in 1965-1990, eight were island and none were landlocked
countries. The infrastructure measures are typically related to the quality of transport and
communications infrastructure. Although the importance of infrastructure for transport costs
is already well established in regional and transport economics, most of the empirical studies
on the impacts of international transport costs for bilateral trade often neglect this point and

focus on geographical and product characteristics instead.

The determinants of transport costs and its impacts on bilateral trade between countries have
been extensively investigated in the recent empirical literature (Hummels, 2007; Hummels,
2001a, Hummels, 2001b, Limé&o and Venables, 2001). In most of the cases, gravity models
are the standard analytical framework used for the estimation of the role of transport costs in

explaining bilateral trade flows.



27

In an attempt to go a step further on the estimation of transport costs, the characterization of
its determinants and its impacts on bilateral trade, Lim&o and Venables (2001) construct an
infrastructure quality index that, together with some geographical variables, could better
explain transport costs. According to the results presented, the quality of infrastructure is able
to explain 40% of predicted transport costs for coastal countries, and up to 60% for
landlocked countries. Based on a broad IMF international data set, the infrastructure quality
index is composed as an average of the density of the road network, the paved road network,
the rail network, and the number of telephone main lines per person in each country available
in the sample. In a second step, the authors evaluate the extent to which transport costs
impacts on the trade performance of a country. They undertake a gravity model exercise,
incorporating the same geographical and infrastructure measures that they used in estimating
transport costs. This analysis confirms the importance of these variables in determining
bilateral trade, and also enables the authors to compute estimates of the elasticity of trade
flows with respect to transport costs. Accordingly, a 10 percentage point increase in transport
costs typically reduces trade volumes by approximately 20%. Taken as a whole, the work by
Limédo and Venables provides a rather consistent picture of the determinants of transport
costs, and in particular of the importance of infrastructure in source and destination countries

as well as in any transit countries used by landlocked countries.

Hummels (2001a) calls attention for the possible allocation effects in bilateral trade due to
transport costs. Using a comprehensive international trade data set, the author shows that
freight rates have, in general, higher means and variances than tariff rates for the countries in
the sample. Also, aggregate expenditures on freight are on the low end of a wide range of
observed rates. This suggests that the aggregate rates significantly understate shipping costs
borne by most exporters and that transportation costs play a significantly allocative role in
bilateral trade. In other words, aggregate freight expenditures are low because import choices
are made to minimize transport costs. The paper allows a complete characterization of trade
costs implied by trade flows and a partition of those costs into three components: explicitly
measured costs (tariffs and freight), costs associated with common proxy variables
(geography and infrastructure), and costs that are implied but unmeasured. Explicitly
measured costs are, according to the author, most of the story.

It is well known that some Asian countries such as Singapore and Hong Kong have the most

efficient ports in the world, while some of the most inefficient are located in Africa (Ethiopia,
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Nigeria) or South America (Colombia, Venezuela and Ecuador). Considering specifically the
role of the quality of infrastructure on trade performance, there seems to have a wide
consensus on the crucial importance of port activities for the transport services, especially
maritime transport services. Regarding the causality relationship between port efficiency and
maritime transport costs, Clark et al (2004), using a data set from the “Global
Competitiveness Report” (an aggregate measure, per country, of port efficiency, consisting of
a one-to-seven index) find that improving port efficiency from the 25" to 75™ percentiles
reduces shipping costs by more than 12%. The coefficient on port efficiency is negative and
highly significant for all regressions carried out and this result is also robust to different
proxies of port efficiency used in the estimations, such as the number of large seaports in the
country, its per capita GDP or an infrastructure quality index. According to the results, if
countries like Ecuador, India or Brazil improved their port efficiency from their current level
to the 75" percentile, that is, to a level attained by countries like France or Sweden, they
would reduce their maritime transport costs by more than 15% each. Clark et al also find that
insurance fees represent around 15% of total maritime charges, suggesting that high value
added exporting countries should have higher charges per unit weight due to this insurance
component. On the other hand, some products require special transport features (frozen
products, for instance) and therefore have different freight rates. The authors also find that the
level of infrastructure (measured as a quality index) and organized crime exert a significant
positive and negative influence, respectively, on port efficiency. Moreover, policy variables
reflecting regulations at seaports affect port efficiency in a non-linear way, suggesting that
having some level of regulation increases port efficiency, but an excess of regulation could
start reversing these gains.

Another very important dimension of trade costs is time. For instance, poor port infrastructure
or inadequate port handling capacity may cause long delays that are not necessarily reflected
in the monetary outlays on transport services. The same is valid for red tape at customs.
According to Nordas and Piermartini (2004) lower tariff costs have made fragmentation of the
production process possible (vertical integration). The resulted increased trade in intermediate
products has in turn driven demand for timely and effective transport and logistics services.
Therefore, since timeliness seems to have become very important, the authors argue that
geography and the quality of infrastructure probably matter even more for timeliness than for

freight rates.
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Djankov et al (2006) use a World Bank data set on the time it takes to move containerized
products from the factory gate to the ship in 126 countries. The authors identify the effect of
time delays in exporting on bilateral trade, using a standard gravity equation controlling for
remoteness and a set of instrumental variables to avoid endogeneity related problems.
Estimates imply that on average each additional day that a product is delayed prior to being
shipped reduces trade by at least 1 percent. A larger effect on time-sensitive agricultural
goods is reported: a day’s delay reduces a country’s relative exports of such products by 7
percent on average. The results presented by Djankov et al suggest rather important
implications for developing countries seeking to expand exports. The recent Doha trade talks
have focused basically on imports barriers in the USA and EU. However, since OECD tariffs
are already quite low, estimates of increased exports by developing countries from eliminating
them are also relatively small, around 2-10% according to Amit et al (2005). For the least
developed countries, which already have preferential access in several developed markets, the
benefits from additional market access are in some cases even negative (Francois et al, 2005).

In contrast, Djankov’s estimates imply that improving trade facilitation can have relatively
large effects on exports. For instance, in sub Saharan Africa it takes 48 days on average to get
a container from the factory gate loaded on to a ship. Reducing export times by 10 days is
likely to have a bigger impact on exports (expanding them by about 10%) than any feasible
liberalization in Europe or North America. In contrast, estimates by Anderson et al (2004),
show that world exports would increase by about 10% if there was complete global trade

liberalization.

According to Hummels (2007), ocean shipping, which constitutes 99 percent of world trade
by weight and a majority of world trade by value, experienced a technological revolution in
the form of container shipping, but dramatic price declines are not in evidence. Instead, prices
for ocean shipping exhibit little change from 1952-1970, substantial increases from 1970
through the mid-1980s, followed by a steady 20-year decline. That is not to say that the
container revolution was unimportant; after all, estimates in the paper suggest that increasing
the share of trade that is containerized lowers shipping costs from 3 to 13 percent. However,
these savings were trumped in the 1970s by sharp increases in fuel and port costs. Indeed,
ocean freight costs in recent years have again begun to increase with the cost of crude, and
port congestion has become an especially severe problem in those countries with rapidly

growing trade volumes.
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e Methodological Aspects

So far, the most influent attempts to estimate the role of transportation costs on international
trade make use of mild partial equilibrium approaches, such as gravity type regression
models. The work by Haddad and Hewings (2005) constitutes a first attempt to estimate the
role of (land) transportation costs on the Brazilian interregional trade performance, under a
general equilibrium (NEG type) analytical framework. A unique feature of the CGE model
developed by the authors is the explicit modeling of the transportation services and the costs
of moving products based on origin-destinations pairs. The model is calibrated taking into
account the specific transportation cost structure of each commodity flow, providing spatial
price differentiation, which indirectly addresses the issue related to regional transportation

infrastructure efficiency.

The methodological approach developed in this paper profited from the previous interregional
CGE framework described in Haddad (2004) and Haddad and Hewings (2005). Therefore, it
is an extension of the so called B-MARIA-27 model, where port efficiency and maritime
transportation costs are modeled and accommodated in the previous CGE framework and
typical methodological flaws usually found in the previous empirical literature are avoided.
The modeling approach for maritime transportation costs and port efficiency considers the
different realities faced by importers in each region of the country, using public available
information on the origin of import flows and ports of entry at the state level. Estimation of
port efficiency is fully based on recent methodology developed by Blonigen and Wilson
(2008). The extended model thus allows a complete characterization of the role played by
import barriers (tariffs, ports and ocean shipping costs) on Brazilian foreign trade
performance and growth, under a general equilibrium framework. The extended model is also
quite well suited for incursions on the interplay between trade facilitation and regional
inequality, under an economic environment where the previous modeling of land
transportation costs and external scale economies allows geography to influence interregional

trade relations.
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¢ Organization of the Paper

The remainder of this paper is organized as follows: Section 2 is devoted to the presentation
of the general features of the extended model, where special will be given to the
methodological issues related to the introduction of maritime transport costs and port
efficiency in foreign trade relations. Section 3 details the simulation strategy, with a general
description of the closures used in each scenario under investigation. The subsequent section
(section 4) is focused on the discussion of the main results. The final section (section 5) sets

up a synthesis with the main conclusions drawn up from this exercise.

2. General Features of the Model

The model recognizes the economies of 27 Brazilian states. Agents’ behavior is modeled at
the regional level, so that variations in the structure of regional economies can be
accommodated. Results are based on a bottom-up approach, i.e. national results are obtained
from the aggregation of regional results. The model indentifies eight sectors in each state
producing eight commodities, one representative household in each state, regional
governments and one Federal government, and a single foreign consumer who trades with
each state. Government finances are considered, as well as regional labor markets. The model

is structurally calibrated for 2002.

The effects of import cost reductions are evaluated in the short-run scenario. This implies
interindustry and interregional immobility of capital, fixed regional population and labor
supply, fixed regional wage differentials, and fixed national real wages. On the demand side,
investment expenditures are fixed, implying the usual CGE modeling assumption that
investment reevaluation is not a short-run decision for entrepreneurs. Household consumption
follows household disposable income, and government consumption, at both regional and

federal levels, is fixed.
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3. Modeling Issues: Scale Economies, Land-Maritime Transportation and Port
Efficiency

Two previous important extensions were made in the microeconomic structure of the seminal
B-MARIA model and its details can be found in Haddad and Hewings (2005). The first
attempted to develop a more flexible functional form for the manufacturing sector production
function in each of the 27 Brazilian states to incorporate non-constant returns to scale at the
industry level, a fundamental assumption on the recent theoretical developments of the New
Economic Geography (Fujita and Abdel-Rahman, 1990). The modeling trick has its roots in
the work of Whalley and Trela (1986), where (external) economies of scale are incorporated
in an industry production function through parametric scale economy effects, exploring local
properties of the CES production function. Changes in the production system were introduced
only in the manufacturing sector, as data were available for the estimation of the relevant
parameters. The second major extension in the structure of B-MARIA was the formal
inclusion of transportation margins to account for the real costs of moving goods from one
region to another. Regional transportation sectors are considered and assumed to operate
under constant returns to scale (nested Leontief/CES production function), using as inputs
composite intermediate goods — a bundle including similar inputs from different sources — in
accordance with the usual Armington assumption for CGE models. Locally supplied labor and
capital are the primary factors used in the production process. The sectoral production meets

margin and non-margin demands, serving both domestic and international markets.

Beyond the modeling of land transport costs — as an additional cost in foreign and
interregional trade relations — and non-constant returns to scale in the regional manufacturing
sectors, this work adds two new features to the model which are particularly relevant to the
case of Brazil. Low public investment expenditures in infrastructure trough the last three
decades has significantly increased import costs in Brazil, specially due to the magnification
of port inefficiencies as well as maritime transportation costs. In order to have a good grasp of
how important are those two cost components to the final price paid by Brazilian importers
and consequently to the decision to import, port efficiency and maritime transport costs

should somehow be modeled.
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3.1. Modeling Maritime Transportation costs

Maritime transportation is (by far) the most relevant transportation mode for international
trade in Brazil. Table 3.1 breaks down Brazilian foreign trade (imports and exports) according

to each transportation mode available in the economy for the year 2002:

Table 3.1. Brazilian trade figures according to transportation modes, 2002

Exports (US$)  Imports (US$)  Exports (ton) Imports (ton)

Air 7.82 23.83 0.14 0.16
Road 12.29 7.16 3.77 10.54
Navigation 79.89 69.01 96.09 89.30
Total 100.00 100.00 100.00 100.00

Source: Brazilian Ministry of Development, Aliceweb.

The modeling strategy assumed specific maritime transportation costs (SMTC for short,
measured in US$/Kg) to be an exponential function of the distance (Km) between the foreign

port of origin and the domestic port of entry, according to equation (3.1.1)%

SMTC = A (distance )® (3.1.1)

The exponential form was chosen in order to capture any scale effects in transportation, in the
form of long-haul economies. Clearly, this strategy does not accommodate for variations in
specific transportations costs due to differences in the characteristics of the products being
imported. Our first guess is that such variations, while they do exist, will not be huge enough

to interfere in our main results.

Maritime transport cost was considered to be the difference between CIF (cost, insurance and
freight) and FOB (free on board) prices paid by Brazilian importers. Information on the FOB
value of Brazilian imports by country of origin, port of entry, mode of transportation and state
of destination can be easily found in the Brazilian governmental site of the Ministry of
Industry, Development and Trade (Aliceweb). Information on the CIF values of Brazilian
imports can be found at the international data base of Comtrade (UN). With available

2 As will be clear in the next section, other variables- beyond distance- can also influence maritime transportation charges
paid by importers. The modeling strategy here was dictated by trade data availability in each Brazilian state.
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information for regional imports in 2002 and real distances between ports approximated by
euclidian distances, the specific maritime transport cost function was estimated as shown

below®:

SMTC =0.044( distance )°*** (3.1.2)

An import index was then built for each of the 27 Brazilian states, according to a weighted
average of estimated transportation costs comprising all regional imports (including land and
air shipping)*, where weights were defined as the share of each flow of imports on the total
regional imports. In order to simulate generalized gains in efficiency in the (international)
maritime transportation sector, estimated parameters were modified in such a way that
specific maritime transport costs were reduced up to a certain pre-defined amount for all
national origin-destination pairs. For instance, for a 25% gain in efficiency, a new regional

import index was then built according to equation (3.1.3) below:

SMTC =(0.75)* 0.044( distance )*** (3.1.3)

This correction was then applied for all maritime imports in each state, keeping land and air
shipping import values as before. The estimated regional import indexes (before and after a

25% gain in efficiency) are shown in Table 3.1.1.

The shocks estimated in Table 3.1.1 were then applied to all import values in the model, but
only to the margin component corresponding to the difference between CIF and FOB prices,

according to CIF/FOB price indexes built up for each state, as shown in Table 3.1.2.

It is noteworthy that since the model works with percentage variables, ad valorem taxes/tariffs
or equivalents are always treated in power indexes (in order to avoid zero division). The
shock is thus actually applied to the power indexes (column 5 in Table 3.1.2) built up for each

state in the country.

® Both estimated coefficients in equation (3.1.2) were statistically different from zero at the 5% significant level.
* Over 70% of Brazilian imports (in value) were made though ports in 2002. Land and air shipping were considered to be
roughly 3 times as expensive as ocean shipping.
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Regions Import Index 25% gain efficiency Shocks
AC 0.4510 0.3630 -19.51
AP 0.3960 0.3155 -20.33
AM 0.5358 0.4753 -11.30
PA 0.4238 0.3260 -23.07
RO 0.4208 0.3253 -22.69
RR 0.4235 0.3995 -5.67
TO 0.4922 0.3928 -20.19
AL 0.4452 0.3516 -21.04
BA 0.4204 0.3295 -21.64
CE 0.4089 0.3140 -23.21
MA 0.4269 0.3219 -24.61
PB 0.4376 0.3409 -22.10
PE 0.4149 0.3224 -22.28
Pl 0.4676 0.3760 -19.59
RN 0.4332 0.3398 -21.56
SE 0.4268 0.3451 -19.15
ES 0.4574 0.3684 -19.47
MG 0.4608 0.3711 -19.47
RJ 0.4634 0.3827 -17.42
SP 0.4868 0.4196 -13.81
PR 0.4404 0.3573 -18.86
SC 0.4179 0.3472 -16.92
RS 0.4118 0.3352 -18.61
DF 0.5488 0.5168 -5.83
GO 0.4872 0.3926 -19.41
MT 0.4210 0.3408 -19.04
MS 0.3712 0.3380 -8.95
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Table 3.1.2. Final Shocks Applied to International import prices at the country border

Regions (CIF/FOB) Freight (ad  After shock Power Power Index  Shocks

Index valorem eq.) (25%0) Index (25%0)
AC 1.0691 0.0691 0.0556 1.0691 1.0556 -1.2619
AP 1.0538 0.0538 0.0428 1.0538 1.0428 -1.0373
AM 1.0953 0.0953 0.0846 1.0953 1.0846 -0.9832
PA 1.0700 0.0700 0.0539 1.0700 1.0539 -1.5097
RO 1.1078 0.1078 0.0833 1.1078 1.0833 -2.2081
RR 1.0691 0.0691 0.0652 1.0691 1.0652 -0.3665
TO 1.0439 0.0439 0.0351 1.0439 1.0351 -0.8497
AL 1.0671 0.0671 0.0530 1.0671 1.0530 -1.3227
BA 1.0698 0.0698 0.0547 1.0698 1.0547 -1.4123
CE 1.0639 0.0639 0.0491 1.0639 1.0491 -1.3950
MA 1.0223 0.0223 0.0168 1.0223 1.0168 -0.5360
PB 1.0532 0.0532 0.0414 1.0532 1.0414 -1.1157
PE 1.0799 0.0799 0.0621 1.0799 1.0621 -1.6487
Pl 1.0842 0.0842 0.0677 1.0842 1.0677 -1.5219
RN 1.0359 0.0359 0.0281 1.0359 1.0281 -0.7469
SE 1.0353 0.0353 0.0285 1.0353 1.0285 -0.6520
ES 1.0712 0.0712 0.0573 1.0712 1.0573 -1.2942
MG 1.0717 0.0717 0.0577 1.0717 1.0577 -1.3025
RJ 1.0615 0.0615 0.0508 1.0615 1.0508 -1.0097
SP 1.0615 0.0615 0.0530 1.0615 1.0530 -0.8003
PR 1.0632 0.0632 0.0513 1.0632 1.0513 -1.1211
SC 1.0621 0.0621 0.0516 1.0621 1.0516 -0.9885
RS 1.0619 0.0619 0.0504 1.0619 1.0504 -1.0853
DF 1.0641 0.0641 0.0604 1.0641 1.0604 -0.3514
GO 1.0686 0.0686 0.0553 1.0686 1.0553 -1.2458
MT 1.0383 0.0383 0.0310 1.0383 1.0310 -0.7032

MS 1.0947 0.0947 0.0862 1.0947 1.0862 -0.7739
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The values reported in column 2 of Table 3.1.2 allow a direct estimation of the ad valorem
equivalent of maritime freight rates paid by Brazilian importers over FOB international prices.
The weighted average value for regional maritime freight rates on national imports (where
weights were defined as the share of the total flow of regional imports over the total value of
national imports) is thus 6.45%. This is thus an estimation of the ad valorem equivalent of
maritime freight rates over FOB international prices paid by Brazilian importers in 2002.

3.2.  Modeling Port Efficiency

The modeling strategy considered a sample of 13 of the most relevant ports for foreign trade
in Brazil in the year 2002. They were: Rio Grande, Itajai, Sdo Francisco do Sul, Paranagua,
Santos, Vitdria, Sepetiba, Rio de Janeiro, Salvador, Aratu, Suape, Fortaleza and Belém. These
ports responded to over 56.5% of total Brazilian imports, in US dollars, or to over 67.3% of
total Brazilian imports, per weight, in 2002. They covered over 80% of total imports carried

out by maritime transportation mode in the same year.

Cargo flow at the port level can be divided in three broad categories, according to product
type and the way the cargo is handled and accommaodated in the ship. Table 3.2.1 shows total

flows (general exports plus imports, in tons), for the selected port sample in 2002.

Table 3.2.1 reveals a diverse pattern in transportation, handling and accommodation of cargo
flows at the port level, meaning possible different comparative advantages. For instance,
while some ports such as Sepetiba are fully specialized in the handling and accommodation of
solid bulk cargo, other ports such as Itajai are more specialized in the handling and
accommodation of general cargo, at significant containerization levels®. Therefore, it seems
any estimation strategy for port efficiency must control for possible specialization effects at

the port level.

® The port of Itajai has a containerization level around 84%.
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Table 3.2.1. Cargo flow distribution at the port level, 2002

Solid Bulk Liquid Bulk General Cargo Total
Ports Flow (ton) National Flow (ton) National Flow National Total National

(%) (%) (ton) (%) (ton) (%)
Itajai 59.516 0.02 95.115 0.06 3.647.039 5.71 3.801.670 0.72
Paranagua 19.233.400 6.37 3.975.596 244 4.650.883 7.28 27.859.888 5.27
Rio de Janeiro 705.897 0.23 8.043.379 4.93 4.645.086 7.27 13.394.367 2.53
Sepetiba 41.530.137 13.75 0 0.00 1.275.217 2.00 42.805.368 8.09
Rio G. 8.913.872 2.95 3.527.558 2.16 4.312.532 6.75 16.753.967 3.17
Salvador 404.751 0.13 0 0.00 1.930.241 3.02 2.334.992 0.44
Séo F. do Sul 2.443.904 0.81 9.980.160 6.12 2.599.791 4.07 15.023.862 2.84
Vitéria 2.659.043 0.88 171.630 0.11 3.231.131 5.06 6.061.805 1.15
Aratu 2.317.363 0.77 18.728.307 11.48 0 0.00 21.045.682 3.98
Suape 0 0.00 2.986.668 1.83 1.239.695 1.94 4.226.365 0.80
Fortaleza 948.973 0.31 1.740.182 1.07 1.310.351 2.05 3.999.507 0.76
Belém 10.659.986 3.53 1.418.564 0.87 1.240.307 1.94 13.318.861 2.52
Santos 23.979.655 7.94 11.335.349 6.95 18.159.264 28.42 53.474.283 10.11
Total Sample  113.856.497 37.70 62.002.508 38.01 48.241.537 75.50 224.100.542 42.36

Total_National 301.972.374 100.00 163.135.324 100.00 63.897.353 100.00 529.005.051 100.00

Source: Ministry of Transports, Antag, 2002.

From the total movements of products shown in Table 3.2.1, deep sea maritime navigation

dominates the flow of products in Brazilian ports. This is the transportation cost we are

concerned with in the modeling strategy developed in this work (see Table 3.2.2).

Table 3.2.2. Cargo flows distributed per navigation type

Year Deep Sea (ton)  Cabotage (ton) Others (ton) Total

1999 296.585.131 122.466.040 16.658.726 435.709.897
2000 332.118.651 134.656.001 17.885.988 484.660.640
2001 347.529.720 137.267.499 21.409.665 506.206.884
2002 370.782.938 137.023.807 21.198.306 529.005.051
2003 401.596.268 145.926.525 23.267.262 570.790.055
2004 447.136.221 148.418.917 25.165.407 620.720.545
2005 473.057.421 150.112.048 26.249.312 649.418.781
2006 502.919.319 163.520.202 26.393.947 692.833.468
2007 559.045.893 168.455.583 27.215.179 754.716.655
2008 568.404.889 167.342.279 32.576.382 768.323.550
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The estimation of port efficiency has been a challenging issue for empirical economists
worldwide. Standard estimations tolls include DEA (Data Envelopment Analysis) or even
voluntarily given information from port users (reflected in port indexes) that can be found in
international publications such as the Global Competitiveness Report and others.

Methodological flows are plenty and estimated values are quite always conflicting.

The approach taken in this paper is based on the methodology developed by Blonigen and
Wilson (2008), where relative port efficiency coefficients are estimated as fixed effects in
panel regression models. The Data source is basically the same as the one used in the
modeling of maritime transportation costs (Aliceweb and Comtrade, for 2002), but here the
data are used at a more disaggregated level. The basic idea is that — excluding import tariffs
and land transportation costs - import charges paid by importers can be explained by maritime
transportation costs as well from costs incurred on both ports of origin and destination. Those
port costs are captured by dummy coefficients added to the regression model and its values

can be interpreted as (relative) efficiency parameters.

In their seminal paper, Blonigen and Wilson assumed import charges paid on a given product
by American importers to be explained by the distance between ports (foreign and national),
weight, value per weight (in order to capture insurance costs), containerization level, total
value commercialized between ports (including all products) and trade imbalance variables
(liquid exports). Port efficiency measures are capture through the introduction of dummy
variables for the American ports of entry as well as for the foreign ports of origin. The authors
decided to exclude the dummy variables for the ports of Rotterdam and Oakland. Therefore,
estimated coefficients on efficiency measures are thus relative to the port of Rotterdam, in the

case of a foreign port, and relative to the port of Oakland, in the case of an American port.

Estimated results by Blonigen and Wilson suggested that the most efficient foreign ports are
located in Europe and Japan, followed by Taiwan and South Korea. The most inefficient
foreign ports are located in China and Central America. Regarding estimated measures for
Brazilian ports, results suggested that using the port of Santos instead of Rotterdam increases
import charges by over 19.3%, greater than the 9% elevation for the port of Rio Grande or the

17.4% elevation corresponding to the port of Rio de Janeiro.
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Data constrains dictated the choice of variables in the estimation of port efficiency for the set
of Brazilian ports selected. The basic regression followed the general form as in equation
(3.2.1) below:

IN(IC)rijk = a +p1In(kg)rij + p2In(volume);; + Sasqln(volume);; + Saln(unitval)yij +
psIn(dist_uf). + Besqln(dist_uf).i + p7In(dist_part);; + fssqln(dist_part);; +
Pedumport; + Srodumprody + eijc (3.2.1)

where In(I1C)ij is the natural logarithm of import charges on the import flow of product k,
shipped from country j to a Brazilian port i, to be consumed in state r. Import charges were
measured as the difference between CIF and FOB prices. It is assumed that the FOB price of
product k comprises its marginal cost of production in the exporting country j, local taxes,
land transportation costs and the corresponding costs at the port of exit. On the other hand, the
CIF price of product k adds up (to its corresponding FOB price) the maritime transportation
charges on product k plus the port costs at the country of destination. Therefore, import
charges as defined in this work do not include port costs at country of origin, making it
unnecessary to include dummies for foreign ports in equation (3.2.1). The variable In(kg)yij is
the natural logarithm of the weight of the import flow of product k shipped from country j to
Brazilian port i, to be consumed in state r. It is a variable cost component of total shipping
costs and its expected signal is positive. The variable In(volume)j;; is the natural logarithm of
the total volume of shipments from country j to Brazilian port i and sgin(volume); is its
corresponding square variable. The economic racionale for the inclusion of those variables is
related to the possibility of economies of scale in maritime transportation. The greater the
volume of goods transported from the exporting country to the national port of destination, the
lower average costs in maritime transportation. Therefore, expected signal for In(volume);; is
negative. However, possible congestion effects due to excessive volume of goods transported,
whether during ocean transportation or at the port of destination, should have a positive
impact on shipping costs. Therefore, expected signal for sgln(volume);; is positive®. The
variable In(unitval)yij is the natural logarithm of the U.S. dollar value of the specific shipment

of product k shipped from country j to Brazilian port i, to be consumed in state r, over its

6 Another possible explanation for a positive signal of sqin(volume);; has to do with trade imbalances in specific routes.
Ceteris paribus, the greater the volume of goods transported in one direction, the higher the probability that boats will be

operating under their full capacity when back in the opposite direction.
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weight in kilos. This variable is included in order to capture insurance costs in the
transportation of high valued goods and its expected signal is obviously positive. The variable
In(dist_uf),; is the natural logarithm of the distance between port i and destination state r and
sgin(dist_uf),; is its corresponding square value. The economic racionale for the inclusion of
those variables is related to the capture of possible externalities of proximity. The closer the
importer is to the national port of entry, the higher is his bargaining power due to either a
possible face-to-face contact with port bureaucracy or some facilitated access to custom
disentanglement. However, the excessive proximity to the port of entry can also work in the
opposite direction, meaning some rigidity in the selection process of available ports to import.
Therefore, expected signal for In(dist_uf) is positive whereas expected signal for its
corresponding square value (sgln(dist_uf);) is negative. The variable In(dist_part); is the
natural logarithm of the (Euclidian) distance between port i and origin country j and
sqIn(dist_part);; is its corresponding square value. The economic racionale for a possible non-
linear relationship between shipping costs and distance is related to the existence of long haul
economies in maritime transportation. Therefore, expected signal for In(dist_part);; is positive

whereas expected signal for sqIn(dist_part);j is negative.

The set of dummy variables for national ports is represented by dumport; whereas the set of
dummy variables for imported products is represented by dumprodi. Dummy variables for
ports are included in order to capture possible cost differentials among the set of national
ports selected. Since the dummy variable for the port of Santos was intentionally excluded
from equation (3.2.1), estimated coefficients for the remaining port dummies must be
interpreted as measures of relative efficiency. For instance, if the estimated coefficient for the
dummy variable corresponding to “port x” is a positive value “y”, it means that, ceteris
paribus, importing through port x instead of the port of Santos increases shipping costs by
over y %, meaning “port X is obviously less efficient then the port of Santos’. Dummy
variables for products are included in order to control for possible specialization effects on
national ports or for the cost differentials related to the characteristics of imported products.

The excluded dummy in this case was the one related to cereal commaodities.

7 Since the dependent variable is treated in the logarithmic form, the coefficients on port dummies approximate, ceteris
paribus, percentage differences in the port’s effect on import costs relative to the port of Santos effect. A more rigorous port
efficiency index can be calculated by the exponential value of estimated coefficients on port dummies.
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The original regression model represented in equation (3.2.1) has some technical flaws that
must be addressed in order to obtain a reliable set of estimators. For instance, some variables
such as In(k@)sij, In(volume);;, sqin(volume);;, In(unitval)ij« are endogenous to the model, as
their values are clearly affected by the magnitude of import charges (dependent variable). It
turns out that lower (higher) import charges translate into higher (lower) levels of weight,
volume and high valued products transported.

The regression model in equation (3.2.1) was then estimated with the use of a set of
instrumental variables, based on the literature of gravity models applied to international trade.
Accordingly, the following variables were used as instruments (all in logarithms): 1. The GDP
of the destination state in Brazil, both in level and squared; 2. The foreign country’s GDP,

both in level and squared; 3. The foreign country’s population and its area.

Port efficiency estimations from equation (3.2.1) allowed the construction of a port efficiency
index for each state in the country, depending on the distribution of its imports through each
of the 13 Brazilian ports considered. The state level port index is thus a weight average of the
estimated port efficiency parameters, according to the relevance of each national port as the
entrance gate of regional imports.

Regression results are shown in Table 3.2.3. Estimated coefficients for the set of control
variables are statistically different from zero (at the 1% significance level) and their signals
are as expected. The majority of estimated coefficients for port dummies are also statistically
different from zero (at the 10% level). Estimated coefficients for product dummies are not

shown.

Estimated results for port efficiency (column 2) have a clear-cut interpretation. Since the
dummy variable for the port of Santos was intentionally omitted in equation (3.2.1), all port
efficiency estimations derived are relative to efficiency standards found in the port of Santos.
For instance, estimated results suggest that the most efficient port among the given sample is
the port of Sdo Francisco do Sul. It’s estimated parameter suggest that it is, on average, over
32% cheaper to import from the port of Sdo Francisco do Sul in comparison to the port of

Santos.
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Estimated values for port efficiency (for each of the 13 ports considered) are again shown in
column 2 of Table 3.2.4 below. Column 3 shows the equivalent power values. For a
generalized gain in port efficiency, results in column 3 should be modified in order to reflect
this positive shock. For instance, for a 25% generalized gain in port efficiency, power values

in column 3 are multiplied by 0.75.

Table 3.2.3. Regression results

Variable Coefficient Standard error t-statistics p-value
In(kg) 0.8195 0.0297 27.5693 0.0000
In(volume) -0.1417 0.0340 -4.1689 0.0000
sgin(volume) 0.0055 0.0011 5.1909 0.0000
In(unitval) 0.5241 0.0327 16.0344 0.0000
In(dist_uf) 0.1027 0.0201 5.1063 0.0000
sqin(dist_uf) -0.0140 0.0028 -4.9635 0.0000
In(dist_part) 2.1650 0.1772 12.2155 0.0000
sqin(dist_part) -0.1032 0.0100 -10.3115 0.0000
Ditajai -0.1402 0.0322 -4.3534 0.0000
Dparanagua -0.0676 0.0227 -2.9810 0.0029
Drio_de_janeiro -0.0235 0.0223 -1.0535 0.2921
Dsepetiba 0.1184 0.1497 0.7909 0.4290
Drio_grande -0.1699 0.0271 -6.2710 0.0000
Dsalvador -0.0795 0.0463 -1.7178 0.0858
Dsdo_fco_sul -0.3279 0.0585 -5.6083 0.0000
Dvitoria -0.0430 0.0264 -1.6290 0.1033
Daratu 0.4133 0.1861 2.2202 0.0264
Dsuape -0.2232 0.0486 -4.5975 0.0000
Dfortaleza -0.1243 0.0589 -2.1090 0.0349
Dbelém -0.2818 0.1743 -1.6170 0.1059

Estimations in Table 3.2.4 and information on regional imports (by ports of entrance) were
used to set up a port efficiency index at the state level. Table (3.2.5) shows final results. It
also shows the results for a generalized 25% gain in port efficiency and the corresponded

shock to be applied to port margins.
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Table 3.2.4. Port efficiency indexes from port efficiency estimations

Ports Port efficiency Port efficiency. Index  25% efficiency gain
Itajai -0.1402 0.8598 0.6448
Paranagua -0.0676 0.9324 0.6993
Rio de Janeiro -0.0235 0.9765 0.7324
Sepetiba 0.1184 1.1184 0.8388
Rio Grande -0.1699 0.8301 0.6225
Salvador -0.0795 0.9205 0.6904
Sdo Franc. do Sul -0.3279 0.6721 0.5041
Vitoria -0.0430 0.9570 0.7178
Aratu 0.4133 1.4133 1.0600
Suape -0.2232 0.7768 0.5826
Fortaleza -0.1243 0.8757 0.6568
Belém -0.2818 0.7182 0.5386
Santos 0.0000 1.0000 0.7500

Port efficiency estimations in Table 3.2.4 were then confronted with containerization
standards found at the port level, a common proxy for port efficiency used in the literature.
Results are reported in Figure 3.2.1. The (approximated) linear relationship seems to
corroborate port efficiency estimations in Table 3.2.4. The higher the containerization
standard found at the port level, the higher the estimated port efficiency (the lower the port

index).
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Figure 3.2.1. Containerization standards and estimated
port efficiency
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The values reported in column 4 of Table 3.2.5 were then applied to port margins, according
to equation (3.2.2.) below as described in the CGE modeling framework:

xmarg(i,foreign,q,ots)=Theta(i,s,q)*x(i,foreign,q) + amarg_i(foreign,q,ots) (3.2.2.)

where xmarg(i,foreign,q,OTS) is the local transportation service expenses on imports of
product i from abroad, to be consumed in region q; Theta(i,s,q) is a parameter of scale usually
equal to one; x(i,foreign,q) is the demand for the imported product i, to be consumed in region
g; amarg_i(foreign,q,ots) is the technological variable to where the port efficiency shock is
applied. Since it does not specify the type of commodity, it means that the port shock is

applied to all imported commodities consumed in region g.
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Table 3.2.5. Port Efficiency Index at the state level and corresponding shocks.

Regions State port index 25% efficiency gain Shocks
AC 0.9528 0.7616 -20.060
AP 0.9767 0.7639 -21.789
AM 0.9998 0.8684 -13.148
PA 0.8507 0.6524 -23.316
RO 1.0079 0.7769 -22.915
RR 1.0000 0.9464 -5.361
TO 0.9995 0.7920 -20.764
AL 0.9746 0.8346 -14.369
BA 1.1164 0.8614 -22.840
CE 0.8851 0.6774 -23.471
MA 0.9870 0.7432 -24.701
PB 0.9436 0.7314 -22.484
PE 0.8598 0.6649 -22.664

Pl 0.9236 0.7389 -19.995
RN 0.9412 0.7322 -22.207
SE 0.9482 0.7619 -19.653
ES 0.9655 0.7668 -20.588
MG 0.9845 0.7858 -20.176
RJ 1.0305 0.8343 -19.039
SP 0.9989 0.8480 -15.106
PR 0.9259 0.7533 -18.639
SC 0.8775 0.7392 15.754
RS 0.9352 0.7624 -18.474
DF 0.9921 0.9252 -6.741
GO 0.9786 0.7843 -19.856
MT 0.9417 0.7768 -17.515
MS 0.9980 0.9248 -7.337

4. Describing the Basic Experiment

In the next section the main results from the simulations are presented. The basic experiment

consisted of the evaluation of an overall reduction in foreign import barriers. Accordingly,
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import barriers are assumed to comprise three different, though correlated, components of
import costs, i.e. tariff barriers, maritime transport costs and port costs. An appraisal of the
relative importance of those three components — as the way each of them can influence the
country economic landscape — may bring some useful insights for future trade policy analysis

as well as some guidelines for sound investment decisions in public infrastructure.

Three basic simulations were carried out and results were subjected to analytical comparisons.
For import tariffs, an overall 25% reduction was implemented. As for the case of maritime

transportation and ports costs, a 25 % gain in efficiency was then simulated.

The way the economy landscape is affected by generalized reductions in import barriers will
depend on which component of import costs is reduced. However, in all the three scenarios
under consideration domestic relative prices will be altered in such a way that import
competition will be favored, as the economy opens up to trade. Overall efficiency in resource
allocation will be improved and, by the same token, gains from trade will take national

welfare a step up.

Notwithstanding the aggregate benefits from improved foreign trade relations, regions might
be adversely affected through re-orientation of trade flows — trade diversion — as relative
accessibility changes in the system. Thus aggregate gains from trade are not necessarily
accompanied by generalized gains in welfare. This issue of trade diversion versus trade
creation has been an important one in the international trade literature, especially in the case
of welfare evaluations of preferential trade agreements. It extends naturally to regional models

where interregional trade relations are at the center stage.

5. Results

The analysis of the simulation results will concentrate on the short-run effects. Special
emphasis will be given to the relevant macro variables that may help to clarify the functioning
mechanism of the model. Spatial effects considering changes in welfare and real GDP will be

also presented.
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Finally, in an attempt to better understand the role of increasing returns in the economic
geography of an integrated interregional system, the parameter of scale economies is adjusted
in the S&o Paulo manufacturing sector. The idea is to check whether, in the Brazilian case,
with reductions in import barriers, the Sdo Paulo firms have a competitive advantage to
further exploit scale economies, therefore stimulating even further the concentration of

economic activity in the already richer and more developed region in the country.

5.1. Basic results

Tables 1.1 and 1.2 summarize the basic aggregate results. As imports barriers are partially
reduced, efficiency in resource allocation is improved and aggregate gains from trade (gains
in welfare) are positive for the three scenarios under evaluation. Local sectors are more
exposed to foreign competition and domestic price indexes are decreased, benefiting more
competitive firms and consumers in general, as intermediary products as well as final goods
become cheaper. A more open and internationally competitive economy intensifies its trade
relations with the rest of the world, exporting and importing greater volumes of products and

services.

Brazil is still considered a relatively closed economy, where import tariffs can reach high
levels, especially for its historically protected manufacturing sector, a by-product of post
world war 11 import-substitution industrialization policies. Aggregate simulation results seem
to confirm that. Except for the relatively inefficient local manufacturing sector, overall
marginal benefits from import tariff reduction can be significantly higher than marginal

benefits from increasing efficiency in maritime transportation and port sectors.
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Table 1.1. Short-run aggregate results (in percentage-change)
Import tariffs  Marit. transp. costs  Port efficiency

Activity level

Agriculture 0.0257 0.0176 0.0077
Manufacturing -0.0100 0.0087 0.0106
Utilities 0.0160 0.0096 0.0024
Construction 0.0017 0.0006 -0.0005
Trade 0.0411 0.0196 0.0047
Financial institutions 0.0481 0.0292 0.0142
Public administration 0.0135 0.0081 0.0030
Transportation  and  other 0.0593 0.0120 -0.0237
services

Prices

Investment price index -0.5849 -0.3656 -0.1226
Consumer price index -0.4419 -0.3185 -0.1357
Exports price index -0.4838 -0.2963 -0.1065
Imports price index - -0.9805 -
GDP price index, expenditure -0.5022 -0.2834 -0.1400
side

National terms of trade -0.4862 0.6879 -0.1070

Regarding import infrastructure, simulation results seem to indicate that maritime transport
costs may play a more important role than port costs in the decision to import. Although
results for both import costs components are qualitatively similar, efforts on the reduction of
ocean transport costs seem to bring higher returns for the economy as a whole. Although
short-run real GDP growth may be more stimulated when port efficiency is improved, that
result seems to be more the consequence of a less active import sector than to be related to
improvements in the allocation of resources. A more active import sector in the scenario
where maritime freight rates are reduced is more likely to contribute to higher GDP growth

rates in the long-run, as investment rates are stimulated by lower capital costs.
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Import tariffs

Marit. transp. costs

Port efficiency

Primary factors

Aggregate payments to capital
Aggregate payments to labor
Aggregate capital stock, rental
weights

Aggregate employment, wage

bill weights

Aggregate demand

Real household consumption
Aggregate real investment
Aggregate real Reg. gov.
demand

Aggregate real Fed. gov.
demand

Export volume

Import volume

Aggregate indicators
Eq. variation-total (change in $)
Real GDP

-0.3021
-0.3837

0.0587

0.0538

1.0089
1.0067

1716.88
0.0203

-0.2279
-0.2904

0.0283

0.0266

0.6248
0.6240

867.35
0.0083

-0.1212
-0.1398

-0.0041

0.0077

0.2238
0.0635

245.61
0.0150

Reductions in import barriers will affect labor markets and national employment figures will

benefit from GDP growth, exception made for the simulation of gains in port efficiency. In

that case, a less intensive use of primary factors — especially labor since capital demand is

fixed — per unit of imports will counterbalance higher labor demand from GDP growth. Net

effects for employment figures will thus be negative.

Results in Table 2 concentrate on efficiency and welfare spatial effects. As expected, regional

results seem to confirm aggregate results in terms of the relative importance of each of the

import costs components under evaluation. Basically, all regions in the country benefit from

overall reductions in import barriers. Stronger import competition guarantees lower prices for
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consumers in importing regions, especially for the greatest importing regions in the country
like the south and southeast regions. Lower prices in importing regions will also benefit
consumers in more remote regions in the country, like the north region, trough enhanced
interregional trade linkages. Negative regional welfare effects seem to be related to trade

diversion due to interregional trade re-orientation.

Regional welfare and efficiency effects are stronger when import tariffs are cut. Regarding
import infrastructure, greater regional welfare effects take place when ocean transport costs
are reduced. A more active importing sector translates import competition into lower market
prices, benefiting consumers throughout the economy. Again, it turns out that overall
improvement in port efficiency plays a more important role for regional GDP growth than

overall ocean transport cost reductions. The same considerations made for results in Table 1

will apply.
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Table (2). Spatial results: Relative Equivalent Variation and Regional Growth

Relative Equivalent Variation Gross Domestic Product
Tariffs (%) Marit. (%) Ports (%) Tariffs (%) Marit. (%) Ports (%)
AC 0.146 0.028 -0.038 0.0005 0.0012 0.0028
AP 0.011 0.009 0.000 0.0183 0.0081 0.0121
AM 0.556 0.288 0.284 0.0437 0.0136 0.0442
North PA -0.090 -0.109 0.021 0.0125 0.0076 0.0108
RO 0.131 -0.069 0.037 0.0161 0.0085 0.0122
RR 0.139 0.063 -0.025 0.0604 0.0266 0.0033
TO -0.023 -0.069 -0.061 0.0005 0.0037 0.0072
AL 0.157 0.042 -0.016 0.0166 0.0076 0.0112
BA 0.362 0.129 0.070 0.0132 0.0031 0.0126
CE 0.499 0.146 0.056 0.0066 0.0027 0.0131
Northeast MA -0.338 -0.204 -0.012 0.0597 0.0302 0.0305
PB 0.321 0.396 0.438 0.0256 -0.0091 0.0329
PE 0.313 0.192 0.011 0.0057 -0.0045 0.0088
Pl 0.284 0.381 0.073 0.0061 -0.0230 0.0226
RN 0.259 0.079 -0.014 0.0040 0.0030 0.0074
SE 0.261 0.154 0.091 0.0020 0.0010 0.0072
ES 0.434 0.133 0.249 0.0165 -0.0042 0.0429
Southeast MG 0.092 0.013 -0.004 0.0008 0.0014 0.0123
RJ 0.220 0.116 0.053 0.0231 0.0094 0.0152
SP 0.340 0.197 0.025 0.0292 0.0127 0.0169
PR -0.053 -0.001 0.010 0.0091 0.0077 0.0063
South SC 0.075 0.048 0.018 0.0064 0.0057 0.0117
RS 0.133 0.058 0.019 0.0149 0.0068 0.0124
GO 0.147 0.051 0.005 0.0063 0.0045 0.0078
DF 0.229 0.036 -0.038 0.0347 0.0040 -0.0020
C. West. MT 0.117 0.012 -0.047 0.0314 0.0186 0.0086
MS 0.022 -0.029 -0.054 0.0089 0.0054 0.0018

Note: GDP is measured as a percentage-change in real terms
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5.2. The role of increasing returns

The introduction of increasing returns to scale in AGE models has long been a challenge for
empirical analysts. Traditional AGE models designed for trade policy analysis usually assume
perfect competitive markets, where gains from trade can be quite well underestimated.

The New Trade Theory together with the recent proliferation of preferential trade agreements
brought new stimulus to the design of AGE models under an imperfect competitive
framework. Also, recent theoretical advances in the so called New Economy Geography
(NEG) raised new issues for trade policy analysts, such as how to accommodate the role of

agglomeration and dispersions forces when a country opens up to foreign trade.

Qualitative sensitive analysis is carried out in this sub-section in order to grasp a better
understanding on the role played by the introduction of non-constant returns to scale in the
modeling framework. More specifically, the goal here is to assess the role played by
increasing returns in the manufacturing sector in the state of S&o Paulo, the most
industrialized state in Brazil and for which there is evidence that it is the focal point of
agglomeration economies in the country. More recent figures for the state of Sdo Paulo show
that it was responsible for over 40% of Brazilian imports and over 40% of national

manufacturing activity in 2007.

The predominance of agglomeration forces can lead to exacerbation of domestic regional
inequalities, especially when economic activity is unevenly distributed across the country.
NEG models predict that, in the presence of increasing returns and interregional trade costs,
firms and workers tend to locate close to large markets (Krugman, 1991). However, as the
economy opens up to international trade, forward and backward linkages that arises when
manufacturing tries to serve a small domestic market can become much weaker, resulting in a
shrinking manufacturing sector and on the de-concentration of economic activity as country
liberalizes. Accordingly, closed markets promote huge central metropolises and open markets
discourage them. This phenomenon seems to be especially important for trade policy in

developing economies (Krugman and Elizondo, 1995).



54

The interplay between agglomeration and dispersion forces as the Brazilian economy opens
up to international trade can be traced out using our modeling framework with a special set of
values for the scale economies parameters. In order to isolate the effects of agglomeration
forces, constant returns to scale is assumed in every sector in every state. The only exception
is the manufacturing sector in the state of Sdo Paulo, for which an interval in the IRTS curve
is considered, ranging from high increasing returns (1 = 0.5) to high decreasing returns to
scale (L =1.5), i.e.,, u € [0.5, 1.5] in the manufacturing sector. A series of simulations is run
where different values of p are assumed in this interval. This experiment was devised in the
same spirit as in Haddad and Hewings (2005), where an attempted was made to trace out the
role of increasing returns in the context of an improved Brazilian land transportation

infrastructure.

Figures 1 to 6 show the results for the three components of imports barriers under
consideration. Regarding the role of increasing returns when gains in efficiency for the
maritime transportation sector and ports are considered, Figure 1 to 4 shows that, as scale
economies gets weaker, gains in efficiency and welfare are decreased not only in Sdo Paulo

but also in the country as a whole.

For the case of import tariff reduction, the history goes on the other way around. Figures 5
and 6 show now that, as scale economies gets weaker, gains in efficiency as well as welfare

are increased in both Séo Paulo and the country as a whole.

How can theoretical advances from NEG models help understanding these two apparently
conflicting results? As it has been already formally demonstrated by those models backward
and forward linkages only become economically meaningful in the presence of sufficiently
strong scale economies. Also, there is a fundamental trade-off between transportation costs
and scale economies. In the case of Brazil, with its continental dimensions and poor
infrastructure, high land transportation costs can hinder further exploitation of scale
economies by the Sdo Paulo manufacturing sector, depending on how open is the economy to
foreign trade. Improvements in port efficiency or reductions in maritime transportation costs
can both increase the access to cheaper intermediate inputs by firms and to final goods by
consumers. Lower input costs will benefit the country economy and, in particular, the
economy of S&o Paulo, since it improves the ability of regional manufacturing firms to further

exploit scale economies and better serve the poorer regions in the country, notwithstanding
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high interregional transportation costs. This positive effect will be greater the more intensive
are scale economies in the manufacturing sector in S&o Paulo, which helps to explain the

observed patterns in Figures 1 to 4.

Generalized efficiency and welfare gains from lower import barriers will be greater the further
scale economies can be exploited by manufacturing firms in Sdo Paulo and high interregional
transportation costs can be circumvented. However, observed patterns in Figure 5 and 6
suggest a non-linear nature for the relationship between lower import barriers and gains from
trade when scale economies and interregional transport costs are simultaneously considered,
at least in the short run. For a stronger reduction in import barriers, as seems to be the case
when import tariffs are unilaterally cut by 25%, more intensive scale economies in the S&o
Paulo manufacturing firms seems to be related to lower overall gains in efficiency and
welfare. In other words, the existence of high interregional transportation costs together with
generalized lower enough import barriers seems to increase the spatial influence of relevant
external markets and reduce that of local ones, making direct foreign imports of intermediate
and final products more profitable for firms and consumers in poorer regions of the country.
In the case of our short run analysis, the negative ripple effects of a shrinking manufacturing
sector in S&o Paulo appear to be more severe the greater are the potential for unexploited scale
economies in the sector. Stronger scale economies for the manufacturing sector in S&o Paulo
will stimulate a greater volume of imports, hampering regional production and also

undermining short run national GDP growth.

Regarding the interplay between trade openness and Brazilian regional inequality, the greater
the potential for scale economies exploitation by the Sdo Paulo’s manufacturing sector the
stronger will be agglomeration forces over diversion forces, potentially exacerbating existing
regional inequalities as the country opens up to foreign trade. Results shown in Figures 7 and
8 for improvements in maritime transportation and port services - taking a poor (North) and a
rich (Southeast) region in the country - seem to confirm this. As scale economies get more
intensive in the Sao Paulo’s manufacturing sector, the Southeast region becomes increasingly
better off in terms of its regional output performance. However, as scale economies fades
away, it turns out that results for relative regional output performance are reversed and the
North region becomes increasingly better off. For less mild reductions in import barriers - as
seems to be the case when import tariffs are cut - fiercer market competition can potentially

lead to de-concentration of economic activity in the country. Results for regional output
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performance in the North and Southeast regions are shown in Figure 9 when import tariffs are
linearly reduced. In that case, as scale economies get stronger in S&o Paulo, relative regional
output movements tend to favor the poorer region in the country, reflecting the effects of
unexploited scale economies in the richer region, brought about by the increasingly spatial
influence of relevant external markets. This result is quite in line with the empirical findings
of Sanguinetti and Martincus (2005) for trade liberalization in Argentina, where lower
sectoral tariffs in the nineties seemed to be associated with de-concentration of industrial

activities out of the area surrounding Buenos Aires.



57

The role of increasing returns on the interplay between trade openness, national welfare
and output growth
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The role of increasing returns on the interplay between trade openness and regional
inequalities

Figure 7. Maritime Transportation
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6. Final remarks

Since GATT was created in 1947, world exports (as a percentage of global GDP) have

increased nearly five times. For most of this period, tariff reduction has been the focus of

bilateral and multilateral trade talks among countries worldwide. Recent empirical studies

have called the attention to other sources of import costs, such as maritime transportation and

port inefficiencies, pointing out how these costs can significantly undermine further progress

in international trade, once tariff barriers are increasingly becoming less of a problem.
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This seems not to be the case for the Brazilian economy yet. As this modeling exercise has
suggested, import tariffs are still the most important component of import barriers for the
Brazilian economy trade relations. This is not to say that reductions in maritime transportation
costs and improvements in port efficiency are both unimportant for the country trade
performance and economic growth. However, once a cost/benefit analysis is considered, it is
clear that sound government trade policies should concentrate efforts on trade liberalization in
the first place. As this study has shown, even a unilateral trade liberalization that includes
Brazilian historically protected manufacturing sector could bring overall benefits to producers

and consumers in the country.

Recent advances in NEG models also suggest that declining trade barriers can lead to
significant changes in the distribution of industries over space. Due to its continental
dimensions and poor infrastructure, the interplay between trade openness and spatial de-

concentration is not so clear cut, in the Brazilian case, as it seems from theoretical models.

Different from other third world metropolises, the manufacturing sector in Sdo Paulo can
exploit scale economies without serving a national market. Improvements in port efficiency or
reductions in maritime transportation costs both seem to reinforce the competitive advantage
of Sao Paulo’s industry relatively to the rest of the country, and then allows those firms to
further exploit scale economies both locally and inter-regionally. This result seems to be
related to the fact that trade liberalization in the 1990s did not produce any relevant de-
concentration of economic activity in Brazil (see Haddad, 1999). However, for less mild
reductions in import barriers, such as in the case of a 25% linear reduction in national import
tariffs, it becomes more difficult to draw general conclusions. Our hypothesis is that, for
higher degrees of import liberalization, the initial competitive advantage of Sdo Paulo firms
may be offset by the increased relevance of more efficient external markets. The less
competitive manufacturing sector in S&o Paulo loses market share not only regionally but also
as a supplier to other less developed regions in the country. The existence of unexploited
economies of scale in the short run only seems to reinforce this mechanism, since it stimulates

substitution away from local products in favor of cheaper imports.

Short run results make it harder to draw parallels with results from NEG models, where
production factors are freely mobile in space. We believe that, once this study is carried out

for the long run scenario, with free mobility of capital and labor force, other interesting issues
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will certainly come up. Also, a more comprehensive picture of the role played by maritime
transportation costs on national/interregional trade and growth will be made possible once
reductions in import/export freights are simultaneously accommodated in the modeling

framework. These are promising guidelines that will certainly underpin our future research.
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4. ESSAY TWO:

“Breaking Down the Long Run General Equilibrium Effects of Trade Barriers
on Brazilian Trade Performance and Growth”

1. Introduction

Low investments in infrastructure have long been pointed out by trade economists as one of
the main reasons behind Brazilian poor trade performance, despite significant import tariff
reduction over the last twenty years. According to this argument, huge internal transportation
costs due to long distances and low quality of roads, associated to the existence of rather
inefficient ports over the Brazilian coast, have long been hindering Brazilian competitiveness
as well as undermining its growth potential. A complementary set of arguments refer to
Brazilian geographic remoteness: once the country is out from the main international trade
flows, high maritime freight rates could be equally harming its competitiveness in foreign

markets.

This paper will discuss the role of infrastructure on Brazilian foreign trade performance and
growth. Improvements in infrastructure will be simulated, breaking down its long run general
equilibrium effects among some of its main components: road costs, port efficiency and ocean

shipping costs. Import side as well as export side policies will be considered.

Two main questions will guide the analysis. The first question concerns the relative
importance of each trade barrier (land/maritime/ports and trade policy) on the long run
improvement of Brazilian trade performance, once import/export side effects are considered.
Will that be the case that infrastructure matters more than trade policy for Brazilian trade or
just the other way around? If the government is concerned with opening up the Brazilian
economy to foreign trade, should it redirect resources towards improvements in trade
infrastructure or should it put some more diplomatic effort on multilateral trade negotiations
instead? The second question relates to the Brazilian poor trade evolution in the over the last

twenty years, despite the adoption of significant unilateral liberal trade policies in the nineties.
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Would the Brazilian foreign trade evolution be significantly better once trade infrastructure
were improved at the same pace during the last twenty years?

The paper intends to show that despite its obvious positive effects on trade and growth,
Brazilian trade infrastructure can be hardly blamed for the country’s poor trade performance
over the last two decades. It also intends to emphasize the importance of further (multilateral)
trade liberalization in Brazil, despite strong domestic lobby resistance and the traditional

difficulties in the achievement of international coordination at the WTO level.

e A Brief Review of the Literature on Trade Costs

Anderson and Wincoop (2004) define trade costs to include “all costs incurred in getting a
good to a final user other than the marginal cost of producing the good itself: transportation
costs (both freight costs and time costs), policy barriers (tariffs and nontariff barriers),
information costs, contract costs, enforcement costs, costs associated with the use of different
currencies, legal and regulatory costs, and local distribution costs (wholesale and retail)”. For
a proxy of the real magnitude of trade costs, the authors suggest a 170-percent total trade
barrier as a representative rich country ad-valorem tax equivalent estimate, which may be
broken down as follows: 21-percent transportation costs (includes freight costs —
land/maritime- and time costs); 44-percent border-related trade barriers (comprises a 8-
percent policy barrier, a 7-percent language barrier, a 14-percent currency barrier, a 6%
information cost barrier and a 3-percent security barrier); 55-percent retail and wholesale
distribution costs (close to the average for industrialized countries, see Bradford and
Lawrence, 2003). Total international trade costs are then roughly 74-percent (0.74 =
1.21*1.44-1) and it is significantly above the average 8-percent estimate for trade policy
barriers. Interestingly, Anderson and Wincoop also point out that transport costs generally
follows tariffs and NTBs on its average magnitude and variability across countries,
commodities and time. As such, protective trade policy and natural protection tend to be
complementary, exacerbating the variance of total trade costs worldwide. For instance,
transport costs tend to be higher in bulky agricultural products, where protection in developed

countries is also quite high.

The role of infrastructure as a trade barrier tends to be more important for landlocked

countries or even for continental costal countries, like the United States and Brazil. The
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quality of infrastructure is usually reflected on the value of land transportation costs as well
as- in the case of coastal countries- port efficiency and maritime transportation costs. As for
the role of geography as a trade barrier, bilateral distance and distance from the big markets
(remoteness) are generally key variables. By the same token, the importance of those
variables is reflected on the relative magnitude of ocean shipping costs. For instance,
maritime freight rates for countries like Chile and Ecuador generally exceed by more than
twenty times the average tariffs they face in the US market (Clark et al, 2004).

According to Hummels (2001), the all commodities trade-weighted average transportation
cost (time dimension not included) from national customs data ranges, for instance, from
3.8% of the FOB price for the United States to 13.3% for Paraguay. Across commodities for
the USA the range of trade-weighted averages is from less than 1% (for transport equipment)
to 27% for crude fertilizer. The all commodities arithmetic average ranges from 7.3% for
Uruguay to 17.5% for Brazil, compared to a 10.7% for the United States. Specifically to the
case of the USA, the arithmetic average for transportation costs ranges from 5.7% for

machinery and transport equipment to 15.7% for mineral fuels.

Regarding the specific behavior of maritime transportation costs over time, Hummels (2007)
points out that prices for ocean shipping exhibit little change from 1952-1970, substantial
increases from 1970 through the mid-1980s, followed by a steady 20-year decline. That is not
to say that the container revolution was unimportant; after all, estimates in the paper suggest
that increasing the share of trade that is containerized lowers shipping costs from 3 to 13
percent. However, these savings were offset in the 1970s by sharp increases in fuel and port
costs. Indeed, ocean freight costs in recent years have again begun to increase with the cost of
crude, and port congestion has become an especially severe problem in those countries with
rapidly growing trade volumes. According to an earlier work (Hummels, 1999), the overall
trade-weighted average transport costs for the United States has declined from 6% to 4% in a
period of thirty years, basically due to a drastic fall in air freight costs (comprises roughly half
of U.S. shipments by value, excluding Mexico and Canada), despite rising ocean shipping
costs. Hummels estimates that faster transport (shifting from ocean shipping to air and faster
ships) has reduced the tax equivalent of time costs for the United States from 32% to a 9%
over the period 1950-98. Combining 9% time costs and the 10.7% US average direct
transportation costs gives an estimated full transportation cost of 21% for the US economy
(0.21=1.107*1.09-1).
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Beyond land/maritime transportation costs, another important dimension of trade
infrastructure is port efficiency. Ocean ports are a central and necessary component for trade
facilitation. The negative impact of poorly performing ports on trade volumes can be
particularly severe for small, less-developed countries (Wilson et al., 2003). Some of the most
important factors affecting port efficiency include dock facilities, connections to rail and
trucking lines, harbor characteristics (like channel depth and ocean/tidal movements), time to

clear customs, and labor relations.

Despite the importance of port efficiency for international trade, consistent and comparable
measurements of such efficiencies are not currently available, even for developed countries.
Some recent attempts can be found in the empirical works of Wilson et al. (2003) and Clark et
al. (2004). In both cases, port efficiency indexes are constructed based on survey measures
drawn from the Global Competitiveness Report. Obviously, those measures are very likely
biased since they may proxy other unobserved country characteristics. Hence, estimated
coefficients can be overestimating the impact of port efficiency on bilateral trade. An
alternative methodology to measure port efficiency, also found in a number of studies, is data
envelopment analysis— DEA-(Estache et al, 2004). Among the potential drawbacks of this
methodology are the constant returns to scale assumption on the production function of ports
associated to the fact that no measure of error is generated on estimations.

Blonigen and Wilson (2008), working with import charge data for the US, propose a simple
econometric cost model of transporting goods that tries to circumvent potential flaws in
previous studies on the estimation of port efficiency. The main difference with previous
specifications is the estimation of foreign port efficiencies with fixed effects revealed directly
from import charge data. The proposed model is able to accommodate variations in port
efficiency by year, for as many years as the trade data exist. The estimated fixed effects (port
efficiency measures) are then incorporated into a gravity trade model where estimated results
suggest that improving port efficiency significantly increases trade volumes. Accordingly, a
10% increase in port efficiency leads to a 3.2% increase in real trade between a country pair.
Whereas Clark et al (2004) cross-sectional study (using GCR measures of port efficiency)
finds that an increase in port efficiency from the 25™ percentile to the 75™ percentile leads to a
25% increase in bilateral trade, Blonigen and Wilson’s estimates, which control for
unobserved country-pair characteristics that may be significantly correlated with port

efficiencies, find that an equivalent change in port efficiency leads to a more reasonable 5%
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increase in bilateral trade. This result suggest that the use of time invariant GCR measures in
trade gravity equations may lead to overestimation of the impact of port efficiencies on

bilateral trade.

Beyond transportation costs, the positive effects of general infrastructure investments on GDP
growth and welfare have been vastly documented in the international empirical literature.
Most of these studies have suggested a positive and causal correlation between infrastructure
capital and productivity/GDP growth, making use of different econometric techniques and
data samples (Aschauer, 1989; Easterly and Rebelo, 1993; Ai and Cassou, 1995; Calderon
and Serven, 2003; Ferreira and Nascimento, 2005). However, the specific impact of trade
infrastructure on trade performance, growth and welfare has been hardly documented in the
literature, especially in the case of Brazil, where evidence suggests the influence of trade
infrastructure on trade flows to be possibly quite significant, given historic low levels of
public investments. In this regard, the evolution of Brazilian trade in the last decade
constitutes- perhaps- a “natural experiment” whose analysis may help to shed some light on
the interconnection between trade infrastructure and trade performance (Barros and
Giambiagi, 2008).

e A Brief Review of the Evolution of Brazilian Trade in the Nineties

The so called Washington Consensus policies arrived late in Brazil, in comparison to other
countries in Latin America, such as Chile and Mexico. It was only in the beginning of the
nineties that Brazilian authorities took the first steps towards a new economic model, leaving
behind almost forty years of import substitution policies.

At least in its very beginning, the new set of “market friendly” policies in Brazil put trade
liberalization at the center stage. For instance, average tariff rate dropped from 45% in 1988
to 13.8% in 1997. During the same period, average effective protection dropped from 86% to
18%. In relative terms, Brazilian import tariff reduction in the nineties was even stronger than
similar policies carrier out in countries like China and India. All long the decade, average
import tariff in Brazil has dropped 67%, compared to 60% in China and 59% in India (see
Figure 1).
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Figure 1. Trade Liberalization in the Nineties

Despite fast and significant trade liberalization in the nineties, import volume figures in Brazil
- relative to its GDP — evolved in a much weaker pace. Taking more recent figures, import
share in Brazilian GDP increased from 5.9% in 1970 to a modest 8.3% in 2005. During the
same period, import share in China’s GDP evolved from 2.7% in 1970 to an impressive
31.7% in 2005. For India, import shares evolved from 4.5% in 1970 to 23.3% in 2005 (see
Figure 2.)
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Figure 2. Weak import evolution in Brazil

A reasonable surmise for the apparent weak correlation between average import tariff
reduction and the evolution of import penetration in Brazil lies on the persistence of
significant structural trade barriers. Among them, the role played by transport costs must be
carefully analyzed, given traditional poor logistics network in Brazil. For instance, according
to a logistics performance index set up by the World Bank, where railroad and ports

infrastructure are considered, logistics in Brazil is even worse than the one found in countries
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like Vietnam, India, Mexico and Argentina. Still according to government official statistics
over 82% of Brazilian foreign trade (in value) is made by ports- which generally operate in
quite difficult conditions- despite recent increase in public investments (Valor Econdmico,
2007). For instance, it takes on average 3 hours for a ship to enter an European port, whereas
it may take as long as 3 days for the same procedure to be executed in many of the Brazilian
ports. For a loaded ship, each day of delay represents, on average, US$40.000 in additional
costs. Figure 3 proposes an international rank on the quality of port infrastructure, according

to a quality index set up by the Global Competitiveness Report in 2006.

80 —

70 +

6.0 +

30 +

International Average = 3.7

40 4

30 +

& W & o & F P > & F
& FoF & o & :
) (&:SQ x&} .::ch & Q‘b (\’C“ . KEQ Q\‘:@ q?\- ‘\!\& _\'\\Q\ ‘-5{‘ Q@' @;@9"
& N Q‘@f w & S & w & jt o %3.’ &
5 & N T W E >
& ¥ & YL x
. w ¥

Figure 3. Quality Index for Port Infrastructure
Source: Global Competitiveness Report (2006)

Results reported in Figure 3 suggest that port efficiency in Brazil is far below international
standards as well as far behind port infrastructure quality in countries such as Singapore and
Holland.

Regarding interregional trade, road transportation is responsible for the largest share of
domestic trade in Brazil, accounting to over 70% of the total value transported (Haddad and
Hewings, 2005).

Thus, given the numbers above, it does not really come as a surprise that Brazilian poor trade
infrastructure, associated with the country’s remoteness and continental dimensions, is very

likely to play a key role on its trade performance and growth potential.
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e Methodological Aspects

So far, the whole empirical literature on transport costs and trade uses gravity models as its
standard analytical framework (Hummels, 2007; Hummels, 2001a; Hummels, 2001b; Limé&o
and Venables, 2001; Blonigen and Wilson, 2008; Nordas and Piermartini, 2004, Clark et al.,
2004). Indeed, gravity models are generally placed in a wide class of trade separable general
equilibrium models. Accordingly, gravity regressions link the cross-country general
equilibrium trade allocation to the cross-country trade barriers, all conditional on the observed
consumption and production allocations. Therefore, inferences about the effect of trade costs
on bilateral trade do not depend on the general equilibrium structure that lies beneath the

observed consumption and production allocations within countries.

The work by Haddad and Hewings (2005) constitutes a first attempt to estimate the role of
transportation costs on the Brazilian interregional trade performance, in a general equilibrium
analytical framework (in the presence of economies of scale for regional manufacturing
sectors). A unique feature of the CGE model developed by the authors is the explicit
modeling of the transportation services and the costs of moving products based on origin-
destinations pairs. The model is calibrated taking into account the specific transportation cost
structure of each commodity flow, providing spatial price differentiation, which indirectly
addresses the issue related to regional transportation infrastructure and its efficiency.

The model developed in this paper is a natural extension of the B-MARIA-27 model
described in Haddad and Hewings (2005), and more recently by Ferraz and Haddad (2009).
More details about the class of B-MARIA models can be found in the seminal works of
Haddad and Hewings (1997) and Haddad (1999). The original framework is extended in such
a way that port efficiency and maritime transport costs are accommodated and have its impact
on the Brazilian interregional and foreign trade performance fully traced out. The extended
model thus allows a complete characterization of the role played by import/export barriers,
under an economic environment where the modeling of land transport costs allows geography
to influence interregional trade relations. The analysis is concentrated on the long run effects
of trade infrastructure (Land/ocean transportation costs and port efficiency) as well as trade
policy (import side as well as export side policies) on the Brazilian foreign trade performance.
A short run appraisal of the general equilibrium effects of (import side) trade barriers on

Brazilian foreign trade and inter-regional growth can be found in Ferraz and Haddad (2009).
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e Organization of the Paper

The remaining of this paper is organized as follows: Section 2 explains the basic structure of
the regional CGE model and spells out how it accommodates land/maritime and port
efficiency (import/export side) modeling. Section 3 describes the basic experiment and
discusses its results. The idea is to break down trade barriers on its main components and
evaluates its relative importance for Brazilian trade and growth. Section 4 presents another
modeling exercise where the main purpose is to shed some light on how likely is the
assumption that relates Brazilian weak trade evolution so far to its poor trade infrastructure.

Section 5 concludes.

2. Modeling Issues: General Features

It recognizes the economies of 27 Brazilian states. Agents’ behavior is modeled at the
regional level, so that variations in the structure of regional economies can be accommodated.
Results are based on a bottom-up approach, i.e. national results are obtained from the
aggregation of regional results. The model indentifies eight sectors in each state producing
eight commodities, one representative household in each state, regional governments and one
Federal government, and a single foreign consumer who trades with each state. Government
finances are considered, as well as regional labor markets. The model was structurally
calibrated for 2002.

Two previous important extensions were made in the microeconomic structure of the seminal
B-MARIA model. The first one attempted to develop a more flexible functional form for the
manufacturing sector production function in each of the 27 Brazilian states to incorporate
non-constant returns to scale, a fundamental assumption for the recent theoretical
developments of the New Economic Geography. The second major extension in the structure
of B-MARIA was the formal inclusion of transportation margins to account for the real costs
of moving goods from one region to another. More details can be found in Haddad and
Hewings (2005).
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e Long Run Closure

The breaking down of trade barriers and its effects on Brazilian foreign trade and growth are
evaluated in the long-run scenario. For this closure, capital and labor are mobile across
regions and industries. Moreover, capital and investment are generally assumed to grow at the
same rate. Aggregate employment is determined by population growth, labor force
participation rates, and the natural rate of unemployment. Labor is attracted to more
competitive industries in more favored geographical areas. By the same token, capital is
oriented towards more attractive industries. This movement keeps rates of return at their
initial levels. Household consumption follows household disposable income, and government
consumption, at both regional and federal levels, is assumed to move with regional household

consumption and national household consumption, respectively.

Low public investment expenditures in infrastructure through the last three decades has
significantly increased import as well as export costs in Brazil, specially due to the
magnification of port inefficiencies and land/maritime transport costs. In order to have a good
grasp of how this two trade barriers can affect regional inequality, port efficiency and

maritime transport costs should somehow be modeled and accommodated in the model.

2.1.  Modeling Import and Export Maritime Transportation Costs

Regarding regional shipping costs for Brazilian imports and exports, the modeling strategy
assumed specific maritime transport costs to be an exponential function of the distance
between the foreign port of origin (entry) and the domestic port of entry (origin). The
exponential form was chosen in order to capture any sort of scale effects in transportation, in
the form of long-haul economies. Clearly, this strategy does not accommodate for variations
in specific transportation costs due to differences in the characteristics of the products being
imported or exported. Our first guess is that such variations, while they do exist, will not be

huge enough to interfere in our main results.

Maritime transport cost was considered to be the difference between CIF (cost, insurance and

freight) and FOB (free on board) prices paid by Brazilian importers as well as foreign
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importers (in the case of Brazilian exports). Information on the value of Brazilian imports
(exports) by country of origin (destination), port of entry (origin), mode of transportation and
state of destination (origin) can be easily found in the government site of the Ministry of

Industry, Development and Trade.

A specific maritime transport cost function was then estimated with available information for
regional imports in 2002 and real distances between ports approximated by euclidian
distances®. A maritime transport cost index was built for each of the 27 Brazilian states,
according to a weighted average of estimated transportation costs comprising all regional
imports (exports), where weights were defined as the share of each flow of imports (exports)
on the total regional imports (exports). In order to simulate a positive efficiency shock in the
(international) maritime transportation sector, estimated parameters were modified in such a
way that specific maritime transport costs were reduced up to a certain pre-defined amount for

all national (foreign) origin-destination pairs.

Table 2.1.1 below reports the values for the shocks applied to the prices of Brazilian imports

and exports, reflecting a generalized 25% gain in efficiency for ocean shipments.

The import side shocks were applied directly to international import prices (CIF prices) in the
model, reflecting lower maritime freight costs to Brazilian importers. Simultaneously, export
side shocks were applied directly to the foreign demand for domestic commodities, reflecting
lower (CIF) import prices to foreign importers due to lower maritime freight costs charged on

Brazilian (FOB) exports, according to equation (2.1.1) below:

Xar(i5) = feqq) + exp_elastiy™* [Par(i.-fepaq-fepzis-natfep] (2.1.1)

where Xar(s) IS the foreign demand for domestic product i, produced in region s; exp_elastg is
the price elasticity of foreign demand for product i; pas) is the free on board (FOB) price for
domestic product i, produced in region s; feq is a modeling parameter representing possible
foreign demand shocks; fepi), fepais), and natfep are modeling parameters representing
possible (different types) price shocks. The export maritime shock was applied to fepys at

the state level (the same shock for all commaodities exported from a given state).

8 The same estimated maritime cost function for imports shown in the first essay was used to calculate export maritime costs
at the state level.
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Imports Exports Shocks (%)
Region Index  25% gain Index  25% gain  Imports (25%) Exports (25%)
AC 0.4510 0.3630 0.4426 0.3420 -1.2619 -1.4691
AP 0.3960 0.3155 0.4877 0.3895 -1.0373 -1.0269
AM 0.5358 0.4753 0.4640 0.4312 -0.9832 -0.6144
PA 0.4238 0.3260 0.4811 0.4008 -1.5097 -1.0919
RO 0.4208 0.3253 0.4628 0.3530 -2.2081 -2.3079
RR 0.4235 0.3995 0.3798 0.3731 -0.3665 -0.1143
TO 0.4922 0.3928 0.4552 0.3416 -0.8497 -1.0504
AL 0.4452 0.3516 0.4560 0.3422 -1.3227 -1.5686
BA 0.4204 0.3295 0.4231 0.3250 -1.4123 -1.5137
CE 0.4089 0.3140 0.4142 0.3241 -1.3950 -1.3068
MA 0.4269 0.3219 0.4213 0.3164 -0.5360 -0.5422
PB 0.4376 0.3409 0.4309 0.3421 -1.1157 -1.0403
PE 0.4149 0.3224 0.4406 0.3542 -1.6487 -1.4507
Pl 0.4676 0.3760 0.4250 0.3309 -1.5219 -1.7201
RN 0.4332 0.3398 0.4210 0.3270 -0.7469 -0.7741
SE 0.4268 0.3451 0.4236 0.3233 -0.6520 -0.8056
ES 0.4574 0.3684 0.4456 0.3396 -1.2942 -1.5809
MG 0.4608 0.3711 0.4585 0.3549 -1.3025 -1.5122
RJ 0.4634 0.3827 0.4452 0.3484 -1.0097 -1.2600
SP 0.4868 0.4196 0.4619 0.3895 -0.8003 -0.9076
PR 0.4404 0.3573 0.4471 0.3428 -1.1211 -1.3864
SC 0.4179 0.3472 0.4414 0.3414 -0.9885 -1.3235
RS 0.4118 0.3352 0.4530 0.3588 -1.0853 -1.2131
DF 0.5488 0.5168 0.4670 0.3774 -0.3514 -1.1568
GO 0.4872 0.3926 0.4620 0.3666 -1.2458 -1.3258
MT 0.4210 0.3408 0.4558 0.3463 -0.7032 -0.8873
MS 0.3712 0.3380 0.4435 0.3474 -0.7739 -1.8733




2.2.  Modeling Import and Export Port Eff

The modeling strategy considered 13 of the most relevant ports in Brazil in 2002 in terms of

trade flows. They were: Rio Grande, Itajai, Sdo

Sepetiba, Rio de Janeiro, Salvador, Aratu, Suape, Fortaleza and Belém. Those ports are

distributed along the Brazilian coast and their geographic location can be seen in Figure

(2.2.1) below:
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Table 2.2.1. Trade Figures (2002)
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Ports Imports (US$) Exports (US$)
Itajai 492.511.846 2.511.437.593
Paranagua 2.301.197.426 5.355.820.949
Rio de janeiro 2.787.812.949 2.680.775.633
Sepetiba 1.905.988.749 1.855.290.732
Rio Grande 1.369.819.388 4.649.407.941
Salvador 888.968.881 1.213.123.482
Sao Franc. do Sul 560.798.978 2.067.527.661
Vitoria 2.576.876.039 5.700.564.083
Aratu 738.705.788 684.516.258
Suape 643.324.919 215.200.503
Fortaleza 587.846.159 639.900.985
Belém 168.598.116 437.005.046
Santos 11.648.201.091 15.189.606.435
Total (13) 26.670.650.329 43.200.177.301
Other ports 5.873.153.884 4.433.620.951
All ports 32.543.804.213 47.633.798.252
Total trade 47.202.429.256 58.902.571.658

Source: Brazilian Ministry of Development, Aliceweb.

Regional port costs (for imports and exports) were measured as the share of transportation

expenditures (other than land transport costs and time barriers) over the total CIF value of

regional imports and over the total FOB value of regional exports. This information is readily

available from the interstate input-output database for 2002. Information on the value of

Brazilian imports (exports) by country of origin (destination), port of entry (origin), mode of

transportation and state of destination (origin) can be easily found in the government site of

the Ministry of Industry, Development and Trade (Aliceweb).

The microeconomic structure of the transportation sector can easily accommodate

improvements in port efficiency through the modeling of positive technological shocks, once

a port efficiency index is estimated for each Brazilian state according to the methodology
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developed by Blonigen and Wilson (2008). This methodology allows for differences in
regional port efficiency to be considered in the basic modeling exercise®.

Estimated values for port efficiency (for each of the 13 ports considered) are shown in column
2 of Table 2.2.2 below. Column 3 shows the equivalent power values. For a generalized gain
in port efficiency, results in column 3 should be modified in order to reflect this positive
shock. For instance, for a 25% generalized gain in port efficiency, power values in column 3

are multiplied by 0.75 (column 4).

Table 2.2.2. Port efficiency values

Ports Port efficiency Port efficiency. index  25% efficiency gain
Itajai -0.1402 0.8598 0.6448
Paranagua -0.0676 0.9324 0.6993
Rio de Janeiro -0.0235 0.9765 0.7324
Sepetiba 0.1184 1.1184 0.8388
Rio Grande -0.1699 0.8301 0.6225
Salvador -0.0795 0.9205 0.6904
Sé&o Franc. do Sul -0.3279 0.6721 0.5041
Vitoria -0.0430 0.9570 0.7178
Aratu 0.4133 1.4133 1.0600
Suape -0.2232 0.7768 0.5826
Fortaleza -0.1243 0.8757 0.6568
Belém -0.2818 0.7182 0.5386
Santos 0.0000 1.0000 0.7500

Estimated results for port efficiency (column 2) have a clear-cut interpretation. Since the
dummy variable for the Port of Santos was intentionally omitted in port efficiency estimations
a la Blonigen and Wilson, all parameters estimated are thus relative to efficiency standards
found in the Port of Santos. For instance, estimated results suggest that the most efficient port
among the given sample is the port of Sdo Francisco do Sul. It’s estimated parameter suggest
that it is, on average, over 32% cheaper to import from the port of Sdo Francisco do Sul in

comparison to the Port of Santos.

® The estimation procedure for port efficiency, based on the methodology developed by Blonigen and Wilson (2008), is
described in detail in section (3.2) of the first essay.
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Estimations in Table 2.2.2 and information on regional imports (by ports of entrance) and
regional exports (by ports of exit) were used to set up a port efficiency indexes for imports
and exports at the state level. Table 2.2.3 shows final results. It also shows the results for a
generalized 25% gain in port efficiency and the corresponded shock to be applied to port

margins of imports and exports.

Table 2.2.3. Port Efficiency Indexes (imports and exports) at the state level and shocks

Imports Exports Shocks (25%0)
Regions PortIndex 25% gain PortIndex 25% gain Imports(%) Exports(%o)

AC 0.9528 0.7616 0.8858 0.6884 -20.0597 -22.2888
AP 0.9767 0.7639 0.9834 0.7803 -21.7890 -20.6491
AM 0.9998 0.8684 0.9994 0.9099 -13.1483 -8.9562
PA 0.8507 0.6524 0.9483 0.7790 -23.3164 -17.8606
RO 1.0079 0.7769 0.9302 0.7125 -22.9155 -23.4046
RR 1.0000 0.9464 0.9966 0.9842 -5.3611 -1.2423
TO 0.9995 0.7920 0.9969 0.7480 -20.7644 -24.9626
AL 0.9746 0.8346 0.9931 0.7453 -14.3689 -24.9566
BA 1.1164 0.8614 1.0738 0.8206 -22.8401 -23.5800
CE 0.8851 0.6774 0.8959 0.6979 -23.4706 -22.0945
MA 0.9870 0.7432 0.9927 0.7453 -24.7006 -24.9203
PB 0.9436 0.7314 0.8876 0.6994 -22.4845 -21.2064
PE 0.8598 0.6649 0.9122 0.7278 -22.6639 -20.2160
Pl 0.9236 0.7389 0.9090 0.7025 -19.9953 -22.7197
RN 0.9412 0.7322 0.9072 0.7007 -22.2067 -22.7637
SE 0.9482 0.7619 0.9706 0.7401 -19.6533 -23.7476
ES 0.9655 0.7668 0.9590 0.7290 -20.5876 -23.9768
MG 0.9845 0.7858 0.9872 0.7609 -20.1757 -22.9239
RJ 1.0305 0.8343 1.0317 0.8009 -19.0390 -22.3649
SP 0.9989 0.8480 0.9952 0.8287 -15.1057 -16.7390
PR 0.9259 0.7533 0.9148 0.7044 -18.6393 -22.9960
SC 0.8775 0.7392 0.8147 0.6355 -15.7537 -21.9979
RS 0.9352 0.7624 0.8655 0.6904 -18.4745 -20.2360
DF 0.9921 0.9252 0.9666 0.7724 -6.7411 -20.0882
GO 0.9786 0.7843 0.9712 0.7673 -19.8561 -20.9924
MT 0.9417 0.7768 0.9408 0.7168 -17.5146 -23.8129

MS 0.9980 0.9248 0.9058 0.7180 -7.3368 -20.7284
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For port efficiency shocks on regional imports, the values reported in column 4 of Table 2.2.3
were applied to port margins on imported volumes, according to equation (2.2.1) below, as

described in the CGE modeling framework:

xmarg(i,foreign,q,ots)=Theta(i,s,q)*x(i,foreign,q) + amarg_i(foreign,q,ots) (2.2.1)

where xmarg(i,foreign,q,0TS) is the local transportation service expenses on imports of
product i from abroad, to be consumed in region q; Theta(i,s,q) is a parameter of scale usually
equal to one; x(i,foreign,q) is the demand for the imported product i, to be consumed in region
g; amarg_i(foreign,q,ots) is the technological variable to where the port efficiency shock is
applied. Since it does not specify the type of commodity, it means that the port shock is

applied to all imported commodities consumed in region g.

For port efficiency shocks on regional exports, the values reported in column 7 of Table 2.2.3
were applied to port margins on export volumes, according to equation (2.2.2) below, also

described in the CGE modeling framework as in percentage changes:

x4marg(i,s,ots)=x4r(i,s)+admarg_i(s,ots) (2.2.2)

where x4marg(i,s,ots) is the transportation service (in real values) required to take commodity
i from region s, where it is produced, to the corresponding port of exit; x4r(i,s) is the export
volume of commodity i produced in region s; admarg_i(s,ots) is the technological variable
over which the port efficiency shock is applied.

3. Describing the Basic Experiment

The basic experiment consisted on the long run evaluation of an overall reduction in trade
barriers, including trade policy, port efficiency and maritime transport costs. In the first
simulation, a positive trade policy shock is given, where domestic and foreign import tariffs
are simultaneously decreased. This simulation takes into account the differences among each
set of international trade patterns connected to each state in the country. In the second

simulation, a positive port efficiency shock is carried out for the group of the most relevant
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ports - in terms of trade volumes- in the country, affecting both imports and exports
regional/national figures. The third exercise simulates a decline in maritime transport costs for
all regional imports/exports in the country. This time, a positive efficiency shock on the pre-
estimated maritime transport cost function is considered. This last simulation follows the
empirical observations from Clark et al (2004) on the positive correlation between port

efficiency gains and lower maritime transport costs.

For the first simulation, an overall 25% reduction on national import tariffs is considered. In
the case of the export side positive tariff shock, the same 25% cut is accommodated as a
positive foreign demand shock on Brazilian regional exports. This export shock takes into
consideration the ongoing trade policy in each specific set of foreign trade patterns connected
to each domestic state. In the case of the second simulation, a 25% positive shock on port
efficiency is carried out affecting Brazilian regional imports and exports, according to a pre-
estimated port efficiency index for each domestic state (Blonigen and Wilson, 2008). In the

third simulation, a 25% maritime transportation efficiency gain is considered.

The way the economy landscape is affected by generalized reductions in trade barriers will
depend on which component of import/export costs is reduced, following Brazilian foreign
trade relations at the regional level and its dependence on adequate port/land/maritime
transportation infrastructure. Significant long run aggregate welfare gains from trade are
expected for the three scenarios, as resource allocation is improved following relative prices

and investment decisions are reevaluated by firms.

3.1. Basic Results'®

The long run closure is built in order to emulate a steady-state type equilibrium solution.
Accordingly, factors of production (labor and capital) are freely mobile between industries
and regions. Labor market equilibrium is assumed to preserve regional natural rates of
unemployment and regional wage differentials. The free mobility assumption on capital goods

assures aggregate regional rates of return are reestablished at their initial equilibrium levels.

0 The results reported here were obtained using the GEMPACK economic modelling software [Harrison and Pearson
(1996)].
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The balance of payments equilibrium condition is circumvented by the imposition of a fixed
share of trade surplus in GDP.

3.1.1. Breaking down the effects of trade barriers

e Price indexes

Table 1 summarizes the results for some key price indexes. Qualitative results are similar
among the three scenarios under consideration: even though results may vary quantitatively,
all trade shocks contribute to a more efficient allocation of resources driven by fiercer foreign
competition. It turns out that lower barriers to trade reduce the unitary cost of capital
(investment price index) and allow firms to use a higher share of foreign intermediate goods
in production. Since final goods are then sold at lower prices, a more open and efficient
domestic market also benefits households. The balance of payments condition entails (real)
exchange rate valuation and the improvement in national terms of trade allows generalized

welfare gains to society, especially in the case of trade policy and ocean costs shocks.

Table 1. Long-run results for price indexes (in percentage-change)
Trade policy  Portefficiency ~ Maritime transp.

(25%) (25%) costs (25%)
Prices

Investment price index -1.3828 -0.0568 -1.8257
Nominal Exchange rate -1.5769 -0.1498 -2.6328
Consumer price index -1.1666 -0.0532 -1.6356
Exports price index -1.0555 -0.4798 -1.5580
Imports price index -1.5770 -0.1498 -3.56875

GDP price index, expenditure side -1.1662 -0.0677 -1.5219
National terms of trade 0.5289 -0.3304 2.1049

According to results in Table 1, price effects are more significant in the case of a liberal trade
policy shock as well as an ocean cost reduction shock. Since price movements are basically
driven by enhanced foreign trade facilitation, a preliminary analysis would suggest
improvements in port efficiency to be the least important trade barrier (among the three under

consideration) in order to promote Brazilian trade activity and economic growth.
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In terms of competitive effects, the best result is achieved when shipping costs are reduced.
Price indexes in the economy are drastically affected (the import price index drops by 3.57%)
not only because imports get cheaper in foreign currency, but also because of a significant
nominal exchange rate valuation (When imports are stimulated by a sharp decrease in CIF
prices, demand for foreign currency moves downward at prevailing exchange rates. Thus, new

market equilibrium is achieved at a lower exchange rate).
e Sector level activity

Results for sector level activity are presented in Table 2. With just a few exceptions, all
industries seem to benefit from lower trade barriers. Lower capital costs tend to stimulate
investment driven sectors such as construction. This seems to be particularly relevant either in
the case of a liberal trade policy shock or a reduction in ocean transportation costs. The
performance of agricultural and manufacturing activities (tradable sectors) is significantly
correlated with exchange rate movements. Stronger real exchange rate valuations seem to
hamper the activity level in both tradable sectors, especially when ocean transportation costs**
are reduced (see Table 1 and 2). By the same token, non tradable sectors a clearly benefited.
A better performance for the manufacturing sector (in the case of a liberal trade policy shock)
seems to be related to a less severe exchange rate valuation associated with an adequate
import stimulus. The reduction in transportation costs associated to improvements in port

efficiency has obviously a negative impact on the transportation sector activity level.

™ The resulted nominal exchange rate valuation for a 25% efficiency shock in maritime transportation is 2.63%, compared to 1,57% for the
case of a 25% trade policy shock. This difference seems to be related to the fact that, ceteris paribus, an export shock contributes to exchange
rate valuation and an import shock contributes to its devaluation. However, in the case of a maritime transportation shock, import costs are
reduced in dollar values. Hence, both export and import shocks contribute to exchange rate valuation.
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Table 2. Long-run results for sector activity level (in percentage-change)
Trade policy  Port efficiency Maritime transp.

(25%0) (25%0) costs (25%0)

Activity level
Agriculture 0.0521 0.1021 -0.0662
Manufacturing 0.2840 0.1222 0.0663
Utilities 0.1487 0.0703 0.2354
Construction 0.3367 0.0130 0.2894
Trade 0.2016 0.0614 0.2566
Financial institutions 0.3509 0.1506 0.5851
Public administration 0.1547 0.0880 0.3381
Transportation and other services 0.1916 -0.0744 0.2448

e Primary factors and aggregate demand

Lastly, results for primary factors and components of real aggregate demand are presented in
Table 3. Higher import demand stimulus (lower import price indexes) assures lower aggregate
payments to capital, notwithstanding a robust capital stock growth both in the case of liberal
trade policy and ocean shipping shocks. As expected, capital stock growth reflects significant
real investment growth. Also, lower capital costs create incentives for output growth to be
labor substituting (especially in capital intensive sectors), reducing equilibrium nominal
wages paid to workers. Despite lower nominal wages, discrete employment growth assures an
increase in real household consumption, exception made in the case of a liberal trade policy
shock. In that case, the good performance of the (capital intensive) manufacturing sector tends
to enhance labor substitution and to undermine employment growth. Thus, real household

consumption growth basically reflects real primary factors income growth other than labor.

Export-led growth is observed in the case of a liberal trade policy shock as well as when ports
become more efficient. The reason in both cases seems to be related to a resulting less severe
real exchange rate valuation. In the case of a reduction in ocean shipping costs, growth is
mainly driven by the domestic market. A sharp exchange rate valuation seems to undermine

exporting activities, leaving room for significant domestic absorption growth.

In all the tree cases, especially for the trade policy and maritime transport costs shocks (both

with significant effects on price indexes) higher levels of real investment growth seem to be
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correlated with robust import performance. This is a historical trait of the Brazilian economy,

given its traditional low levels of domestic savings.

It turns out that strong capital accumulation growth assures higher real GDP growth rates in

the case of either a liberal trade policy or an ocean shipping shock. In both cases,

improvements in the domestic terms of trade associated with resource reallocation effects

results in higher welfare levels (gains from trade).

Table 3. Long-run aggregate results (in percentage-change)

Trade policy  Portefficiency  Maritime transp.
(25%0) (25%) costs (25%)
Primary factors
Aggregate payments to capital -0.9585 0.0171 -1.4678
Aggregate payments to labor -0.5097 0.0489 -0.9554
Aggregate capital stock, rental 0.3552 0.0555 0.2626
weights
Aggregate employment, wage bill -0.0128 0.0308 0.0735
weights
Aggregate demand
Real household consumption 0.2273 0.0849 0.3642
Aggregate real investment 0.4406 0.0338 0.4165
Aggregate real Reg. gov. demand -0.0968 0.1264 0.4438
Aggregate real Fed. gov. demand 0.2273 0.0849 0.3642
Export volume 2.4702 0.7442 0.1974
Import volume 2.5082 0.3600 2.3272
Aggregate indicators
Eqg. variation-total (change in $) 8538.30 1857.28 10650.75
Real GDP 0.2663 0.1018 0.2602
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4. Brazilian Liberal Trade Policy in the Nineties and its Trade Performance

The last decade represented a turning point for trade policy in Brazil. The average tariff rate
dropped over 67.4% trough the period and many other market oriented reforms were
implemented in association. However, investments in trade infrastructure (roads, ports and
shipping costs) were left aside. According to some economists, the existence of a poor trade
infrastructure is perhaps one of the main reasons why Brazilian foreign trade (measured as
import penetration) has not evolved as fast as expected given the significant decline in import
tariffs during the first half of the nineties. The modeling exercise presented in this section will
try to shed some light on how important might be trade infrastructure for import penetration

growth in Brazil.

Table 4. Long run effects of trade barriers on import penetration growth

Tariffs Tariffs (50%) + Tariffs (50%) +  Tariffs (50%0) +

(50%) Ports (25%) Marit. (25%0) Land (20%0)
Welfare (EV-$) 2553.80 5000.33 11923.06 6495.53
Real Import growth (%)  1.5421 1.9783 4.0081 1.5714
Real GDP growth (%) 0.1416 0.2177 0.4214 0.3548
Imports/GDP growth (%) 1.4005 1.7606 3.5867 1.2166

Note: Imp/GDP (2002): 9.35% (IBGE)
Shocks in trade infrastructure considered both export/import sides.

Results in Table 4 simulate a unilateral import tariff cut (close in magnitude to the one carried
out by Brazilian authorities during the nineties) followed by generalized improvements in
trade infrastructure, broken down as gains in port efficiency and reductions in ocean and land
freight costs (in a row). If trade infrastructure were to play a significant role in accelerating
import penetration growth during the nineties, when import tariffs started declining from a
higher average benchmark, one should expected this effect to be even more important
nowadays, almost one decade later, with a much lower prevailing average import tariff rate

(see Figure 1). However, according to results in Table 4, this seems no to be the case.

Starting from a 9.35% import penetration level in 2002, a 50% unilateral cut in import tariffs
results in import penetration growth rates around 1.4% in the long run (meaning the import
penetration level would jump to 9.48% in the long run). When trade liberalization is carried

out in association with a 25% improvement in national port efficiency, import penetration
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grows a bit faster (over 1.76% in the long run). The best result for import penetration growth
(over 3.59% in the long run) is achieved when import tariffs are cut in association with a 25%
reduction in ocean shipping costs. On the other hand, the lowest import penetration growth
rate is achieved when a 20% reduction in national land freight costs are carried out in

association with import tariff cuts.

Basically, for all the scenarios presented in Table 4, improvements in trade infrastructure
seem to contribute to higher import penetration growth rates in the long run, in comparison to
a scenario where a single unilateral import tariff cut is undertaken with no associated
infrastructure improvements. However, when Brazilian import penetration growth is
compared to other developing countries like China and India, which undertook similar liberal
trade policies in the nineties but performed much better (Figures 1 and 2), Brazilian lack of
investments in trade infrastructure seem not to tell the whole story, at least for the shock
levels considered in Table 4.

Would the results in Table 4 change significantly once a multilateral trade liberalization shock
is considered, instead of a unilateral import tariff cut? Results in Tables 5 and 6 replicate the
experiment in Table 4, but now for multilateral trade liberalization shocks of 25% and 50%,

respectively.

Table 5. Long run effects of trade barriers on import penetration growth

Trade Policy  Trade Policy Trade Policy Trade Policy
(25%0) (25%0) + (25%) + (25%0) +
Ports (25%0) Marit. (25%0) Land (20%)
Welfare (EV-$) 8538.30 11235.04 19856.58 14546.07
Real Import growth (%) 2.5082 2.8384 4.6700 2.4153
Real GDP growth (%) 0.2663 0.3382 0.4467 0.4117
Imports/GDP growth (%) 2.2419 2.5002 4.2233 2.0036

Note: Imp/GDP (2002): 9.35% (IBGE)
Shocks in trade infrastructure considered both export/import sides
Trade Policy (25%) means a 25% export/import sides shock



86

Table 6. Long run effects of trade barriers on import penetration growth

Trade Policy Trade Policy Trade Policy Trade Policy (50%0)

(50%) (50%) + (50%) + +
Ports (25%0) Marit. (25%) Land (20%)
Welfare (EV-$) 16845.43 21471.51 27817.75 20446.44
Real Import growth (%) 5.0682 5.4487 7.1798 4.9007
Real GDP growth (%) 0.4938 0.5079 0.6887 0.7337
Imports/GDP growth (%) 45744 4.9408 6.5000 4.1670

Note: Imp/GDP (2002): 9.35% (IBGE)
Shocks in trade infrastructure considered both export and import side effects.
Trade Policy (50%) means a 50% export/import sides shock.

Results in Tables 5 and 6 are qualitatively similar to the results presented in Table 4. Import
penetration growth rates are higher when trade infrastructure improvements are carried out in
association with a multilateral trade liberalization shock. Again, best results are achieved for
trade policy shocks carried out in association with a reduction in ocean shipping costs. Results
in Tables 5 and 6 also suggest the importance of export stimulus to the achievement of higher

import penetration growth rates in the long run.

Table 7. Long run effects of trade barriers on import penetration growth

Tariffs (50%) + Trade Policy Trade Policy
Trade (25%) + Trade (50%0) +
Infrastructure Infrastructure Trade
Infrastructure
Welfare (EV-$) 21.501,60 26928.23 36.605,84
Real Import growth (%) 4.2516 5.0657 7.7352
Real GDP growth (%) 0.6427 0.7399 0.9317
Imports/GDP growth (%) 3.6089 4.3258 6.8035

Note: Imp/GDP (2002): 9.35% (IBGE).
Shocks in trade infrastructure considered both export/import sides.
Trade Infrastructure: Ports (25%); Ocean costs (25%); Land costs (20%).

Simulation results for aggregate improvements in trade infrastructure in conjunction with the
adoption of liberal trade policies are shown in Table 7. A generalized 25% improvement in
trade infrastructure can significantly contribute to the increase of import penetration growth
rates in the long run, in comparison to the standard scenario of liberal trade policies with no
improvements in trade infrastructure (see Tables 4, 5 and 6). For instance, in the case of a
50% cut in import tariffs, import penetration growth rates can be over 3 times higher when

improvements in trade infrastructure are carried out in association.
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As expected, long run import penetration growth rates are higher for more aggressive
multilateral trade liberalization shocks. However, even a generalized 25% improvement in
trade infrastructure together with more or less radical unilateral/multilateral trade
liberalization shocks seem not to be able to change significantly import penetration levels in
Brazil. Taking the best scenario for import penetration growth (6.80%), actual levels of
imports over GDP (9.35%) would increase to a modest 9.98% in the long run (9.77% with no
improvements in trade infrastructure), still underperforming, by far, China (30%) and India

(23%) import penetration levels.

5. Final Remarks

5.1. Trade policy x Trade infrastructure

Despite significant trade openness in the nineties, the Brazilian economy is still very closed in
comparison to its counterparts in the developing world. Recent empirical literature has called
attention to the positive effects of port efficiency and maritime transportation costs on a

country trade performance.

Most of the recent literature on ports and shipping costs tries to estimate its effects on bilateral
trade using the same econometric (partial equilibrium) approach: gravity models. In this
econometric approach, spatial effects as well as interregional transportation costs are
disregarded. Also, resulting estimated coefficients may be biased due to obvious

methodological flaws in building up ports and shipping costs indexes.

Regarding trade infrastructure, this paper innovates in at least two ways. Firstly, it proposes a
new empirical approach for building up port efficiency and shipping costs indexes, where real
economic variables and spatial factors can be accommodated. Secondly, the impacts of port
efficiency and shipping costs are evaluated under a NEG (New Economic Geography) general
equilibrium framework, where real interregional transportation costs are fully traced out and
regional manufacturing sectors can operate under non-constant returns to scale at the firm

level.
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Results in this paper suggest that a more efficient trade infrastructure (ports, ocean and land
freight costs) can lead to significant improvements in Brazilian trade performance and growth.
However, general equilibrium impacts under traditional NEG forces seem to be lower
compared to results in the recent empirical “gravity” literature. For instance, Blonigen and
Wilson (2008) point out to an average increase of 8% in bilateral trade, for a 25%
improvement in a country’s port efficiency. Equivalent figures in this paper are much lower:
an increase in 0.74% for exports and 0.36% for imports. Simulation results also suggest that
the most efficient way to improve Brazilian trade performance is still through tariff reduction,
despite poor trade infrastructure. However, since tariff reduction is always a rather sensitive
and political variable, improvements in trade infrastructure can indirectly help opening up the
Brazilian economy to foreign trade, with less room for lobby resistance. Perhaps surprisingly,
Brazilian trade relations and GDP growth seem to be more sensitive to reductions in shipping
costs than to improvements in port efficiency. This is no good news, since shipping
transportation is a business dominated by multinational firms and the Brazilian government
has no direct influence on it. However, it is well documented in the empirical literature that
improvements in port efficiency can lead to reductions in shipping costs. Future work should
try to evaluate the robustness of port efficiency results in this paper, once scale economies in

Brazilian ports are considered.

5.2. Import penetration x Trade infrastructure

Simulation results have shown that generalized investments in trade infrastructure can
significantly stimulate Brazilian foreign trade relations and GDP growth. Long run import
penetration growth rates seem to be higher when exports are also stimulated, whether through
liberal trade policies or improvements in trade infrastructure. However, it seems hard to blame
Brazilian poor trade infrastructure for the country’s historic poor trade performance
(measured as import penetration levels), especially when compared to recent trade evolution
in developing countries like China and India. As results have suggested, improvements in
trade infrastructure can only marginally contribute to higher levels of import penetration in
the long run. In the best scenario considered, import penetration level evolves from 9.35%
(2002) to 9.98% (long run), contributing to a modest 0.2% over the scenario where no

improvements are maiden in trade infrastructure.
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5. ESSAY THREE:

“The Long Run Interplay between Trade Policy and the Location of Economic
Activity in Brazil Revisited”

1. Introduction

The debate over regional inequality in Brazil - and thus over the location of economic
activity- has frequently argued in favor of selective industrial policies as the most efficient
way to correct regional disparities in the economy. The controversial international evidence
on the effectiveness of those policies, especially over the capital intensive ones employed in
Brazil during the second half of the last century, motivated a renewed debate on the subject.
More recently, several influent economists have been arguing in favor of the effectiveness of
horizontal policies (such as investments in human capital), instead of vertical (selective) ones,
as the most efficient way to promote a more homogenous interregional pattern of economic

growth in Brazil.

Perhaps a less debated issue, but certainly not less important, is the possible interplay between
regional inequality and trade policy. This rather well known question (at least for regional
economics theorists) has gained new momentum with the recent theoretical advances on the
modeling of imperfect competition models, synthesized in the so called New Trade Theory.
This new strand of models strongly underpinned the theoretical micro-fundaments of the New
Economic Geography, motivating a renewed debate on the effects of trade liberalization over

the location of economic activity.

This paper addresses the question of whether further trade liberalization in Brazil may exert
some influence on its already heterogeneous economic landscape. This is a rather relevant
issue for the Brazilian economy, still one of the closest economies in the world, with huge
economic disparities among its regions. The central question was motivated by an influent

(and also controversial) theoretical insight brought about by Krugman and Elizondo (1996).

Trough the specification of an interregional CGE model for the Brazilian economy, this paper

argues that the adoption of (horizontal) liberal trade policies in Brazil, beyond traditional
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gains from trade, can also contribute to ameliorate regional inequality in the country, a result
quite in line with Krugman and Elizondo’s predictions. In this sense, it makes the case for
trade liberalization in Brazil as an additional (horizontal) public policy apparently effective in

fighting regional inequality trough traditional market forces.

e Literature Review

The location of economic activity has long been a concern for policy makers all over the
world. Particularly after World War 11, with the settlement of the General Agreement on
Tariffs and Trade (GATT) and the new stimulus it brought to the trade relations among
countries worldwide, regional inequality and factor mobility became again a central issue for
policy makers. Starting in 1952, the European Union’s founding treaty explicitly cited the
reduction of economic inequality between regions as well as the backwardness of less-
favoured nations as one of the main objectives of European integration. Later on, both the
foundation of the Mercado Comum del Sur (Mercosur), in 1991, and the settlement of the
North American Free-Trade Agreement (Nafta), in 1995, brought new concerns to policy
makers in terms of the relocation of industrial activity and job creation. More recently, the US
presidential candidate Barack Obama argued against the foundation of Nafta, stating that it
has resulted in many job losses for American workers due to relocation of American firms to

Mexico.

Despite policy maker’s intense and persistent interest in the location of economic activity,
economist’s interest in the subject has surprisingly waxed and waned over the last century.
However, over the last two decades it seems there has been a renaissance of the field, starting
with the seminal work of Paul Krugman (1991a), which has been considered the backbone of

the so called “New Economic Geography” (NEG for short).

Perhaps the main contribution of the so called ‘Core-Periphery” model (Krugman, 1991a) to
economic theory was to open the black box of agglomeration economies. The model describes
the fundamentals behind the self-reinforcing character of spatial concentration in terms of just
three rather intuitive effects. The first is the “market-access effect” that describes the tendency
of monopolistic firms to locate their production in big markets and eventually export to small
markets. The second effect is the “cost-of-living effect” which assumes that goods tend to be

cheaper in regions where more industrial firms are located since consumers will be less
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charged by additional trade costs. The third effect is the “market-crowding effect”, which
highlights the tendency of monopolistic firms to locate their production sites in markets with

relatively few competitors.

According to Krugman’s Core-Periphery model (CP for short), the potential for circular
causality — or backward and forward linkages — is created when the market-access effect and
the cost-of-living effect are simultaneously combined with labor mobility. Therefore, in a
world of two initially symmetric regions, if market-access and cost-of-living effects (both
called agglomeration forces) are stronger than the market-crowding effect (dispersion force)
any initial migration shock, say from north to south, will trigger a self-reinforcing process of
agglomeration of firms and consumers in the south region. In the case the dispersion force
outweighs the agglomeration forces, any migration shock will be self correcting and the initial

symmetric equilibrium is stable.

The new insights provided by the new economic geography gave renewed impetus to the field
of regional economics. During the past several years, extensions and simpler versions of the
seminal CP model have come up in the literature and a set of new issues have been raised
(Baldwin et. al.2003). Regarding the process of urban concentration, it has been demonstrated
(Krugman (1993), Fujita and Krugman (1995), Fujita and Mori (1995)) that primate cities can
emerge in a homogeneous geographical space purely endogenously through agglomeration
forces generated by the interaction between increasing returns, transport costs and factor

mobility.

Understanding the urbanization patterns of developing countries is particularly relevant, since
the growth of very large agglomerations such as Mexico city and Sdo Paulo is widely
regarded as a social problem. In particular, the southern cone of South America seems
especially prone to excessive urban concentration, with cities like Montevideo, Buenos Aires
and Santiago concentrating over 40% of its country’s population. Furthermore, associated
with metropolitan growth is related concern about regional inequality. In most of developing
economies the regions that contain the big cities are also much richer per capita than other

regions.

Through a formal model of urban concentration where the key features of the new economic

geography are present, the work by Krugman and Elizondo (1996) suggest that “the rise of
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giant Third World metropolis is an unintended by-product of import-substitution policies, and
they will tend to shrink as developing countries liberalize”. The idea behind Krugman and
Elizondo’s three locations model (two domestic locations and the Rest of the world) is rather
intuitive. Basically, any formal model of economic geography must involve a tension between
agglomeration forces that tend to concentrate consumers and firms into the same region and
the dispersion forces that tend to inhibit this process. In the case of a relatively closed
economy, firms manufacturing for the domestic market will choose production sites with
good access to consumers, usually sites close to the largest city in the country (market-access
effect or backward linkages). Those sites will also provide firms a better access to the
products of other firms, whether these goods are used as inputs into their production process
(vertical linkages) or consumed by their workers (cost-of-living effect or forward linkages).
Therefore, for an inward-looking process of industrialization, backward and forward linkages
(agglomeration forces) may overcome dispersion forces such as high rents and commuting
costs, wages, congestion and pollution. In that case, the rise of giant metropolis may be a
stable equilibrium. However, when the economy opens up to foreign trade, the balance
between agglomeration and dispersion forces may be reversed. Both backward and forward
linkages are weakened, since domestic firms can now serve the foreign markets and domestic
consumers are able to import products from abroad. Meanwhile, the strength of the dispersion
forces remains just as large as before. Hence, the only stable equilibrium is with dispersed
consumption and production. The authors argue that “the rise of giant metropolises in
developing countries after World War Il may have been due in large part to the adoption of
import-substituting industrialization policies. Correspondingly, the shift away from such
policies may well limit the future growth of huge Third World cities.”

The work by Krugman and Elizondo inspired a new strand of papers in the field, some of
them confirming their basic conclusions, some others contradicting it. Perhaps the two most
relevant critics to Krugman and Elizondo’s results came from Henderson (1996) and Isserman
(1996). For Henderson the impact of trade on national space may be not so clear-cut as
suggested by Krugman and Elizondo’s model. Instead, it will depend on the precise
geography of the country. For instance, Henderson states that Krugman and Elizondo’s results
rely heavily on the two domestic locations being equidistant from international markets.
Furthermore, a three locations model may be too ambitious for the description of such a

complex phenomenon as large metropolis formation. According to him, most countries, even
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small ones, have dozens if not hundreds of cities. Therefore, “a more general framework is

needed if urban concentration must be addressed in all its complex dimensions”.

For Isserman (1996), even if free-trade policies result in a greater proportion of domestic
production being sold abroad, there remains a significant part of its economic base that is still
dependent on the primate population concentration. For instance, as a result of trade
liberalization, primate city functions such as finance, government, trade, and communication,
might expand and reinforce its dominant position. Also, for Krugman’s dispersion effect to
take action, primate city manufacturers must be able to compete in the international markets
and residents must be able to afford the goods produced by foreign producers. To the extent
that local producers are unable to compete in the world market and local consumers do not
have good access to foreign products, Krugman’s posited trade effect will not be strong
enough for the primate city production to disperse to other sites. Therefore, “the model may
yield erroneous conclusions regarding the overall effects of free trade on population

concentration”.

In the same spirit of Isserman’s critics, Alonso-Villar (2001) suggests that megacities may not
be only the consequence of protective trade policies but also of the technological
backwardness of a country relatively to international markets. This is what the author calls
“the competition effect”. Once it is taken into consideration, it might well be the case that
under free-trade policies, domestic firms are unable to compete with more technological
advanced firms in international markets. In that case, free-trade policies will not lead to
dispersion, since domestic firms will keep its dependence on primate city markets.

Despite the challenging theoretical issues raised by Krugman’s new economic geography,
little empirical work has been done in order to corroborate its main theoretical insights. The
work by Ades and Glaeser (1995) provide some mild empirical support to Krugman’s
hypothesis on the relationship between trade openness and urban concentration. According to
their results, an increase in 10% in the share of trade in GDP leads to a reduction of 6% on a
country’s primate city size. Also, a 1% increase in the share of GDP spent on government
transportation and communications reduces a country’s primate city size by 10%. The first
evidence supports Krugman and Elizondo’s hypothesis on the relationship between import-
substitution policies and urban concentration. The second one gives support to Krugman

(1991a): high internal transportation costs create an incentive for urban concentration in
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space. The work by Sanguinetti and Martincus (2005) also provide some empirical support for
Krugman and Elizondo (1996): according to the authors, free-trade policies in Argentina were
responsible for industry relocation away from Buenos Aires in the nineties. More recently,
Haddad et. al. (2008) also find some empirical support for the positive correlation between
free-trade policies and industry relocation in Colombia, specifically to the case of the trade-
liberalization process that occurred in the nineties.

Following the international trend, the debate over trade liberalization in Brazil has hardly ever
tackled the issue of spatiality. Instead, it has often been concerned with possible sectoral
implications and/or general economy-wide effects of liberal trade policies, treating the regions

as isolated and aspatial entities (Flores, 1997; Campos-Filho, 1998; Gonzaga et al, 1999).

A better understanding of the economic forces behind urban concentration and regional
inequality is especially important in the case of Brazil, an economy where just the state of S&o
Paulo concentrates over 40% of the country’s manufacturing activity. Due to its continental
dimensions and a remarkable history of import-substitution policies, it might well be the case
that high transportation costs associated with the adoption of protective trade polices
contributed to reinforce pre-existing regional inequalities in Brazil. By the same token,
assuming Krugman and Elizondo’s predictions are correct, the adoption of Washington
consensus policies in the nineties should have led to relocation of economic activity away
from the richer south and southeast regions towards less developed regions such as north and
northeast regions. In this regard, both the works by Haddad and Hewings (1999) and Haddad
and Azzoni (2001) would suggest that trade liberalization policies in the nineties may have
led to the enhancement of pre-existing interregional inequalities in Brazil. Using a general
equilibrium macro-regional model, with a data base from the year 1985, the authors point out
that liberal import tariff policies in Brazil are more prone to benefit the most developed region
in the country (which they call “center-south”, comprising the south, southeast and center-

west regions), leaving behind the less developed regions (north and northeast regions).

However, despite the significant import tariff reduction occurred in the beginning of the
nineties, it seems little has change in terms of regional inequality in Brazil. The real causes

behind this apparently rigidity in regional inequality are still an open question. However, it
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seems clear that, despite a huge drop in import tariffs in the nineties, the evolution of import

penetration in Brazil has been quite disappointing since then (Ferraz, 2009).

With its continental dimensions, poor infrastructure, the existence of huge income disparities
among its 27 states and a solid industrial base mostly concentrated in the country’s richest
regions, the Brazilian economy seems to fit quite well in the paradigm of the NEG models.
However, any simplified theoretical version of this rather heterogeneous multi-region
economy would certainly loose many of its most relevant aspects and would probably lead to
erroneous conclusions in terms of the role played by the key NEG forces behind urban

concentration and regional inequality.

e Methodological Aspects

The work by Haddad and Hewings (2005) constitutes perhaps the first attempt to estimate the
role of transportation costs on the Brazilian interregional trade performance and regional
inequality, in a general equilibrium analytical framework as well as in the presence of
economies of scale. A unique feature of the CGE model developed by the authors is the
explicit modeling of the transportation services and the costs of moving products based on
origin-destinations pairs. The model is calibrated taking into account the specific
transportation cost structure of each commaodity flow, providing spatial price differentiation,
which indirectly addresses the issue related to regional transportation infrastructure efficiency.
The so called “B-MARIA” model opens the Brazilian economy in its 27 states and
accommodates some of the key features of the NEG models such as international and

interregional trade, scale economies, transportation costs and total factor mobility.

The model used in this paper is a natural adaptation of the B-MARIA model to include the
possibility of differentiated trade policy shocks in each of the 27 Brazilian states. It is
noteworthy that the original structure of the class of B-MARIA models adapted to a real
economy fully contemplates Isserman (1996) and Henderson (1996) critics on the usual
simplifications of theoretical NEG models applied to multi-regional systems analysis. Since
economies of scale, factor mobility and regional distances from internal and external markets
are accommodated, simulation results can shed some light on the balance between
agglomeration and dispersion forces, and its contribution to urban concentration and regional

inequality, once liberal trade policies are carried out.
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The contribution of this paper is twofold: by applying a inter-state CGE model to the case of
the Brazilian economy, where the main NEG features are present, it investigates the long run
effects of multilateral trade liberalization policies on the spatial location of economic activity
and growth. Secondly, it investigates the long run interplay between trade policy, scale
economies (at the industry level) and regional inequality. As already mentioned, the long run
general equilibrium effects of trade liberalization policies on Brazilian interregional growth
were firstly investigated in the works of Haddad and Hewings (1999) and Haddad and Azzoni
(2001). However, both studies divide the Brazilian economy in just 3 huge macro regions,
were state level results are tackled using top-down ad-hoc techniques. Moreover, the authors
are focused on the spatial effects of a unilateral 25% import tariff cut (at the border level),
disregarding possible differentiated spatial effects stemming from multilateral trade
liberalization policies. Lastly, possible economies of scale at the industry level as well as
inter-state comparative-advantages (differentiated factors proportions and technologies at the
state level) are also disregarded.

e Organization of the paper

The remaining of this paper is organized as follows: Section 2 explains the basic structure of
the regional CGE model and spells out how it incorporates the main features of the new
economic geography. Section 3 describes the basic experiment and discusses its results.
Section 4 is devoted to clarify the role played by agglomeration forces and liberal trade
policies on regional inequality in Brazil, testing on Krugman (1991) and Krugman and
Elizondo (1996). Section 5 concludes.

2. Modeling Issues: General Features

The model general description follows Ferraz and Haddad (2009). It recognizes the
economies of 27 Brazilian states. Agents’ behavior is modeled at the regional level, so that
variations in the structure of regional economies can be accommodated. Results are based on
a bottom-up approach, i.e. national results are obtained from the aggregation of regional
results. The model indentifies eight sectors in each state producing eight commodities, one

representative household in each state, regional governments and one Federal government,
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and a single foreign consumer who trades with each state. Government finances are
considered, as well as regional labor markets. The model was structurally calibrated for 2002.
Two previous important extensions were made in the microeconomic structure of the seminal
B-MARIA model. The first one attempted to develop a more flexible functional form for the
manufacturing sector production function in each of the 27 Brazilian states to incorporate
non-constant returns to scale, a fundamental assumption for the recent theoretical
developments of the New Economic Geography. The second major extension in the structure
of B-MARIA was the formal inclusion of transportation margins to account for the real costs
of moving goods from one region to another. More details can be found in Haddad and
Hewings (2005).

The analysis in this paper focuses a long run time frame. For this closure, capital and labor are
mobile across regions and industries. Moreover, capital and investment are generally assumed
to grow at the same rate. Long run assumptions on the structure of labor markets entail fixed
regional unemployment rates (at their initial equilibrium levels) and fixed nominal wage
differentials. Labor supply is endogenously increased in regions experiencing employment
expansion, according to population interregional migration and exogenous regional labor
participation rates. Labor is attracted to more competitive industries in more favored
geographical areas. By the same token, capital is oriented towards more attractive industries.
This movement keeps rates of return at their initial levels. Household consumption follows
household disposable income, and government consumption, at both regional and federal
levels, is assumed to move with regional household consumption and national household

consumption, respectively.

2.1.  Modeling Export Shocks by Regions

The simulations took into account the differences among each set of international trade
partners connected to each state in the country. Therefore export side shocks are not
homogeneous over the 27 Brazilian states, since they accommodate for differences in foreign
policy barriers faced by each regional exporter in the country, according to each regional set

of export destinations. This specification is clearly more realistic compared to the traditional
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one, where a linear export shock is applied equally to all states in the country, as if they all
faced the same set of trade partners.

Total exports in each country state were divided in two basic aggregates, agricultures and
manufacturing, where foreign tariffs paid by Brazilian exporters were easily available. For
each country state, it was considered the 42 most relevant destinations for exports.
Information on Brazilian regional exports (FOB prices) in 2002 is available in the public site
Aliceweb. Information on foreign tariffs (agriculture and manufacturing) was taken from
Nereus'? data base (FEA-USP). With those information it was possible to estimate the
average foreign tariff faced by each region in the country, as shown in Table 2.1.1.

With the information on average regional foreign tariffs (Table 2.1.1), those values were
transformed into foreign power tariffs. Export shocks could then be easily calculated through

comparative reductions on the initial set of foreign power tariff values.

Export shocks were applied to the foreign demand equation for domestic commodities, as
described below:

Xar(i5) = feqq) + exp_elastiy™* [Par(i-fepaq-fepzis-natfep] (2.1.1)

where Xar(s) IS the foreign demand for domestic product i, produced in region s; exp_elastg is
the price elasticity of foreign demand for product i; pars) is the free on board (FOB) price for
domestic product i, produced in region s; feqg is a modeling parameter representing possible
foreign demand shocks; fepig), fepais), and natfep are modeling parameters representing
possible (different types) price shocks. The export trade shock was applied to fepys) at the

state level, but only for agriculture and manufacturing export commodities.

12 N(cleo de Economia Regional da USP.
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Table 2.1.1. Real estimated foreign tariffs at the regional level

Foreign Real Tariffs

Regions Agriculture Manufacturing
AC 0.76 10.45
AP 0.59 8.38
AM 2.49 10.96
PA 0.74 9.60
RO 0.66 9.35
RR 1.12 10.17
TO 0.60 9.43
AL 1.53 8.07
BA 1.12 9.86
CE 1.27 10.59
MA 0.86 10.06
PB 1.37 11.05
PE 1.20 9.07

Pl 0.98 10.83
RN 1.16 10.49
SE 0.99 9.57
ES 1.18 9.88
MG 0.82 9.29
RJ 1.46 8.64
SP 1.26 9.69
PR 0.95 9.18
SC 1.19 9.55
RS 1.03 9.27
DF 0.97 9.50
GO 0.92 9.27
MT 0.76 9.04

MS 0.91 8.10
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3. Describing the Basic Experiment

The first basic exercise gradually opens up the Brazilian economy to foreign trade and shades
some light on the broad picture. It subjects the economy to a sequence of huge and increasing
liberal trade policy shocks: 25%, 50%, 75% and 100%, where domestic and foreign import

tariffs are simultaneously reduced.

Tables 1.1 and 1.2 present the general effects of gradually increasing trade liberalization
shocks on some of the most important macro variables in the economy. As expected, stronger
foreign competition translates into lower domestic prices and a better allocation of resources
in the long run, promoting generalized efficiency gains and higher welfare levels to
consumers. Lower capital costs stimulate long run investment decisions and capital
accumulation growth, benefiting both construction and manufacturing sectors in particular.
Investment growth entails higher import levels. Improvements in terms of trade translate into
additional welfare gains to consumers. Moreover, a higher relative price of labor over capital
entails a labor substituting type GDP growth in the long run.

Spatial effects from trade liberalization are reported in Table 2. Most of the regions in the
country seem to benefit from increasingly lower foreign trade barriers, with just a few
exceptions. For instance, some reach states in the country such as Minas Gerais and all the
states belonging to the south region are clearly harmed by enhanced trade liberalization. On
the other hand, GRP evolution for Sdo Paulo, the richest state in the country, follows closely
national performance, i.e, higher levels of trade liberalization translate into higher GDP

growth rates.
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Table 1.1. Trade Liberalization and long-run aggregate results (in percentage-change)

Trade Policy Trade Policy Trade Policy  Trade Policy

(25%) (50%) (75%0) (100%0)
Activity level
Agriculture 0.0521 0.1395 0.2578 0.4671
Manufacturing 0.2840 0.6361 0.9369 1.1634
Utilities 0.1487 0.2938 0.4548 0.4192
Construction 0.3367 0.6816 1.0401 1.2796
Trade 0.2016 0.3929 0.6209 0.6651
Financial institutions 0.3509 0.8065 1.1619 1.4423
Public administration 0.1547 0.3980 0.5706 0.6958
Transportation and other 0.1916 0.3797 0.6059 0.5949
services
Prices
Investment price index -1.3828 -2.5006 -3.2713 -5.1088
Consumer price index -1.1666 -2.0680 -2.6562 -4.2139
Exports price index -1.0555 -1.9250 -2.3923 -4.2880
Imports price index -1.5770 -2.9124 -3.8934 -6.0284
GDP price index, -1.1662 -2.0274 -2.5986 -4.1312

expenditure side
National terms of trade 0.5289 1.0171 1.5638 1.8517
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Table 1.2. Trade Liberalization and long-run aggregate results (in percentage-change)

Trade Policy Trade Policy Trade Policy  Trade Policy

(25%) (50%) (75%) (100%0)
Primary factors
Aggregate payments to capital -0.9585 -1.6406 -1.9632 -3.5324
Aggregate payments to labor -0.5097 -0.5746 -0.4458 -1.2332
Aggregate capital stock, rental 0.3552 0.7426 1.1300 1.4580
weights
Aggregate employment, wage -0.0128 0.0031 0.0134 0.1806
bill weights
Aggregate demand
Real household consumption 0.2273 0.4351 0.6858 0.7343
Aggregate real investment 0.4406 0.9103 1.3723 1.7202
Aggregate real Reg. gov. -0.0968 0.4648 0.3173 0.9786
demand
Aggregate real Fed. gov. 0.2268 0.4351 0.6863 0.7343
demand
Export volume 2.4702 5.0152 7.4234 10.7046
Import volume 2.5082 5.0779 7.5906 10.6441
Aggregate indicators
Eq. variation-total (change in $) 8538.29 16404.89 24545.96 36947.46
Real GDP 0.2663 0.5260 0.7941 0.9105

Taking weighted average GRP growth rates, however, preliminary spatial results in Table 2
suggest domestic economic activity to move outside the two most industrialized regions in the
country®® (South and Southeast, so called “developed macro-region”) towards less developed
regions (North, Northeast and Center-West, so called “undeveloped macro-region”) as
illustrated in Table 3.

3 The so called developed macro_region (south and southeast) responded to over 78% of Brazilian GDP in 2002. Taking only the state of
S&o Paulo, the figure was 39%. The national figure breaks down as follows: North region (4.72%); Northeast region (11.38%); Center-West
region (6.18%); Southeast region (60.24%); South region (17.47%).
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Table 2. Trade Liberalization and Long Run Regional Growth (%)

Region State Trade Policy Trade Policy Trade Policy Trade Policy
(25%) (50%0) (75%0) (100%)
Acre -0.0279 -0.1262 -0.1127 -0.3416
Amapéa 0.2044 0.4305 0.8573 0.8515
Amazonas 0.9886 1.6504 2.1596 1.6641
North Para 2.4870 4.5596 3.2505 14.4176
Rondénia 0.1041 0.0371 0.0977 -0.1911
Roraima 0.1216 0.2110 0.3163 0.5112
Tocantis 1.1500 2.4903 3.4761 5.1435
Alagoas 1.1405 2.0996 2.9982 4.1766
Bahia -0.3652 -0.7894 -0.7804 -1.6243
Ceara 0.4440 0.8552 1.4300 1.6639
Maranhdo 1.2606 2.3201 3.2103 4.4979
Northeast Paraiba 0.6125 1.0552 1.5525 1.8260
Pernambuco 0.9614 1.6639 2.3754 3.0542
Piauf 0.4046 0.6945 0.8470 1.4609
Rio G. do Norte 0.3779 0.5201 0.8922 0.6259
Sergipe -0.6323 -1.3352 -1.8203 -2.7024
Espirito Santo 3.3225 7.0453 11.472 16.4409
Southeast Minas Gerais -0.5297 -1.0715 -1.2983 -1.8837
Rio de Janeiro 0.2442 0.3282 0.4375 0.3679
Séo Paulo 0.8635 1.7677 2.5056 3.0262
Parana -0.6630 -1.4412 -2.1786 -3.0560
South Santa Catarina -1.2156 -2.3422 -3.2510 -4.5195
Rio G. do Sul -2.0360 -3.5637 -4.5457 -6.0294
Distrito Federal 0.2881 0.3539 0.7596 0.5215
Center-West Goias 0.9820 2.3915 3.4908 4.4734
Mato Grosso 0.9953 1.6230 2.3299 2.5860
Mato G. do Sul 1.1881 1.9081 2.8743 2.9389

Note: Regional growth is measured as the percentage change in GRP (Gross Regional Product).

Though the “macro tendency” in Table 3 suggests some sort of dispersion of economic
activity towards less developed regions as the economy liberalizes, a more careful analysis is
needed in order to take reliable conclusions. Beyond GRP evolution, the analysis in the next

section will focus on long run factor mobility (capital and labor) as well.
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Table 3. Trade liberalization and (macro) regional growth (%)

Regions Trade Policy Trade Policy Trade Policy Trade Policy
(25%) (50%) (75%0) (100%0)
North (1) 1.2998 2.2792 2.2194 4.8309
Northeast (2) 0.2687 0.4070 0.7487 0.6754
Center-West (3) 0.7853 1.4483 2.2040 2.4594
Undeveloped Macro 0.6305 1.0926 1.4641 2.0510

Region (1+2+3)

South (4) -1.4044 -2.5984 -3.4837 -4.7208
Southeast (5) 0.6230 1.2452 1.8303 2.2005
Developed Macro 0.1672 0.3811 0.6356 0.6445

Region (4+5)

3.1. Trade liberalization and factor mobility

For a Johansen type model such as the one used in this paper, the greater the magnitude of any
shock applied, the higher the uncertainty over simulated results. Therefore, one possible way
to evaluate the robustness of the “macro-tendency” showed in Table 3 is to replicate the first
basic experiment using an increasing sequence of milder trade liberalization shocks and check

it qualitative results are maintained.

Therefore, the second modeling exercise will subject the economy to the following sequence
of trade liberalization shocks: 5%, 10%, 15% and 20%. Figures for (macro) regional growth
are reported in Table 4 and seem to corroborate (at least qualitatively) previous results
presented in Table 3. Therefore, the unraveled “macro-tendency”, i.e. -dispersion of economic
activity as the economy gradually opens up to foreign trade - seems to be robust, whatever the

magnitude of the liberalization shock applied to the domestic economy.
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e Long run Labor and Capital mobility

As international trade flows are intensified trough gradual reductions in trade barriers, a new
set of relative prices comes up and renewed market clearing conditions must be met. It turns
out that changing domestic relative prices cause factors of production to relocate. Sectors and

regions with increased returns to capital and/or labor are benefited.

Long run rates of returns determine capital mobility across sectors and regions. Regional
industries where current rates of return'® to capital increase faster than the national average
are expected to accumulate capital at a higher rate than regional capital stock growth. By the
same token, for regional industries with lower-than-national average increase in their current
rates of return, capital is expected to accumulate at a smaller pace compared to regional
capital stock growth. The long run closure assumes that capital interregional mobility is able

to keep national average rate of return at its initial equilibrium level.

Table 4. Trade liberalization and (macro) regional growth (%) (milder shocks)

Regions Trade Policy Trade Policy Trade Policy Trade Policy
(5%) (10%0) (15%) (20%)
North (1) 0.2710 0.4785 0.8829 1.0834
Northeast (2) 0.0303 0.0040 0.2543 0.2275
Center-West (3) 0.1465 0.2581 0.5220 0.6319
Undeveloped Macro 0.1135 0.1751 0.4618 0.5211

Region (1+2+3)

South (4) -0.3129 -0.6158 -0.8583 -1.1398
Southeast (5) 0.1482 0.3259 0.3256 0.4946
Developed Macro 0.0445 0.1142 0.0594 0.1271

Region (4+5)

According to Krugman and Elizondo results, gradual trade liberalization should lead to de-
concentration of economic activity towards less developed regions in the country. When the
economy opens up to foreign trade, agglomeration forces are weakened since firms are able to

serve foreign markets and consumers have relatively better access to cheaper products from

1 Current rates of returns are defined by the ratio of the rental values of a unit of capital and its cost.
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abroad, wherever they decide to locate. Therefore, there is a marginal tendency for primary
factors to move outside the most developed regions in the country toward less developed
ones, where facilitated access to foreign markets may give rise to higher rates of return to

capital and labor.

Beyond previous results on the relationship between heterogeneous regional growth and trade
liberalization (Tables 3 and 4), long run results for factor mobility also seem to corroborate
Krugman and Elizondo’s predictions regarding the location of economic activity and its
possible relation to the level of a country’s openness to trade. Simulations results reported in
Tables 5 and 6 suggest that, as far as the domestic economy liberalizes, both capital and labor
migrate preferentially to less developed regions in the country, probably accelerating local

regional growth and ameliorating pre-existing interregional inequalities.

Table 5. Trade liberalization and (macro) regional capital stock growth (%)

Regions Trade Policy Trade Policy Trade Policy Trade Policy
(25%0) (50%) (75%) (100%0)
North (1) 1.3840 2.6450 2.9930 6.5900
Northeast (2) 0.4170 0.7110 1.1750 1.3160
Center-West (3) 0.5180 1.5610 2.0090 2.8310
Undeveloped 0.6553 1.3249 1.7597 2.8213

Macro Region
(1+2+3)

South (4) -1.0220 -1.8880 -2.4970 -3.4300
Southeast (5) 0.7310 1.4740 2.2170 2.7830
Developed Macro 0.2735 0.5958 0.9861 1.1610

Region (4+5)

According to simulated results in Tables 3 and 5, capital supply movements follow relocation
of economic activity towards less developed regions in the country. Labor force moves
accordingly, causing labor supply to shrink is the most developed regions in the country and

to grow in the less developed ones (see Table 6).
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Table 6. Trade liberalization and (macro) regional labor supply growth

Region Trade Policy Trade Policy Trade Policy Trade Policy
(25%) (50%) (75%0) (100%0)
North (1) 0.7697 1.2147 1.7163 3.1355
Northeast (2) 0.1819 0.2542 0.4731 0.3690
Center-West (3) 0.8636 1.8318 2.6137 3.2657
Undeveloped Macro 0.3922 0.6744 1.0334 1.3074

Region (1+2+3)

South (4) -1.8229 -3.3597 -4.5276 -6.0589
Southeast (5) 0.2536 0.5192 0.8169 0.8395
Developed Macro -0.2821 -0.4815 -0.5619 -0.9401

Region (4+5)

It is noteworthy that both (macro) regions in the country become more capital intensive as the
economy liberalizes, with the more developed region showing the highest substitution rate
between labor and capital (see Tables 5 and 6). This is an expected result, since the more

developed region is also the focal point of manufacturing activity in the country.

e Do dispersion effects spread out uniformly all over the richer macro region?

As a more careful analysis of the results presented in Tables 1 to 6 would suggest, the relative
worse performance of the so called “developed macro-region” is far from uniform among its
compounding states. First of all, its poor performance is greatly influenced by the negative
results presented (uniformly) by the south region. Secondly, the relative better performance of
the southeast region is clearly influenced by the good results in the state of S&o Paulo, the
unambiguously focal point of manufacturing activity in the country, concentrating over 40%

of its manufacturing output.

Results in Table 7 reproduce the growth performance of the so called “developed macro-
region” (previously shown in Table 3) but now with the exclusion of the state of Sdo Paulo

from its set of compounding states.
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Table 7. Trade liberalization and (macro) regional growth

Regions Trade Policy Trade Policy Trade Policy Trade Policy
(25%) (50%) (75%0) (100%0)
Undeveloped Macro 0.6305 1.0926 1.4641 2.0510

Region (1+2+3)

Developed Macro 0.1672 0.3811 0.6356 0.6445
Region (4+5)

Developed Macro -0.4939 -0.9246 -1.1085 -1.5501
Region (without SP)

Séo Paulo 0.8635 1.7677 2.5056 3.0262

Note: North region (1); Northeast region (2); Center-west region (3); South region (4); Southeast region (5)

Accordingly, the growth performance of the “developed macro region” seems to be fully
dependent on Sdo Paulo’s results. Once this state is excluded from its set of compounding

regions, growth rates in the “developed macro region” turn out to be negative.

Would dispersion effects (the so called “macro-tendency’”) be maintained once aggregated
results are broken down or macro regions are redefined? Table 8 shows the results for the
“developed macro-region” now defined as in Haddad and Azzoni (2001) to be the aggregation
of the South, Southeast and Center-West regions (so called Center-South). Also, the
“undeveloped macro region” is redefined to be the aggregation of the North and Northeast

regions (the poorest regions in the country).
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Table 8. Trade liberalization and (macro) regional growth (%)

Regions Trade Policy Trade Policy Trade Policy Trade Policy
(25%0) (50%0) (75%) (100%)
North (1) 1.2998 2.2792 2.2194 4.8309
Northeast (2) 0.2687 0.4070 0.7487 0.6754
Undeveloped Macro 0.5711 0.9561 1.1800 1.8942

Region (1+2)

Developed Macro Region 0.1672 0.3811 0.6356 0.6445
(4+5)
Center-South (3+4+5) 0.2128 0.4597 0.7512 0.7782
Center-South (without -0.3216 -0.6051 -0.6625 -1.0102
SP)

Note: Center-west region (3); South region (4); Southeast region (5)

When the “developed macro region” is defined to include the center-west, its growth
performance is clearly improved. Comparing the growth performance of the so called center-
south to the growth performance of the northeast region, it is not so clear-cut that the poorer
region is relatively better as the economy opens up to trade (Table 8). However, it seems clear
again that the good performance of the “improved” center-south is fully dependent on the
results for Sdo Paulo. Once S&o Paulo is excluded from the set of its compounding members
(last line in Table 8), growth performance in the center-south is clearly deteriorating as the
economy liberalizes. No doubt, the center-south (without SP) fully underperforms the

northeast region, corroborating dispersion effects from trade liberalization.

How can theoretical predictions (a la Krugman and Elizondo) be reconciled with such a
heterogeneous dispersion pattern of economic activity detected in the richest macro-region of
Brazil? One possible explanation has to do with huge structural differences among states in
the south and southeast regions. S&o Paulo is a clear focal point of agglomeration economies
in the country, concentrating over 38% of national output (2002). With lower capital costs
(due to trade liberalization) and significant additional economies of scale to be explored
through renewed investment decisions and the existence of a huge number of local
consumers, firms in Sdo Paulo can more easily adapt themselves to enhanced foreign

competition in comparison to less competitive industries in the south and southeast regions in
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the country, where dispersion effects towards less developed regions (lower market-crowding
effects) seems to be more evident. Therefore, progressive trade liberalization in Brazil is
likely to cause economic diversion toward less developed regions in the country - but not to
the expense of economic activity in S&o Paulo, a state clearly able to reap the benefits from a

more open economy, due to its exploitation of additional economies of scale at the local level.

4. The Long run Interplay between Economies of Scale, Trade Barriers and Regional
Inequality

In the short-run analysis described in Ferraz and Haddad (2009), the authors simulated
different values for scale economies in the manufacturing sector in the state of Sdo Paulo.
They considered this region to be the focal point of agglomeration economies in the country,
concentrating over 40% of Brazilian manufacturing activity in 2007. In order to isolate the
effects of agglomeration forces, constant returns to scale was assumed in every sector in every
state. The only exception was the manufacturing sector in the state of Sdo Paulo, for which an
interval in the increasing returns to scale curve was considered, ranging from high increasing
returns (L = 0.5) to high decreasing returns to scale (u = 1.5), i.e.,, p € [0.5, 1.5] in the
manufacturing sector. A set of simulations was then run for different values of p in this

interval.

Ferraz and Haddad took the usual CGE assumption that producers could not reevaluate their
investment decisions in the short-run. Therefore, for a trade liberalization shock under
significant interregional transportation costs and fixed investment effort, firms in Sdo Paulo
could not fully reap the benefits from lower capital costs in the first place, undermining the
exploitation of additional scale economies. It turned out that increased competition from trade
liberalization hindered Sao Paulo’s manufacturing activity, especially, and apparently

unexpectedly, for higher degrees of increasing returns to scale at the firm level.

NEG models have long emphasized the role of scale economies as a centripetal force that tend
to pull population and production into agglomerations. As long as primary factors are able to
move, backward and forward linkages, associated with strong scale economies, should lead

firms and workers to locate at the same place, in a self-reinforcing process.
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The long run analysis developed in this paper fits better to the purpose of the exercise
previously devised by Ferraz and Haddad (2009). Since primary factors are now allowed to
move, there must be a tension between scale economies and trade liberalization in the long
run (a la Krugman and Elizondo, 1996), in the same spirit as the one involving centripetal and
centrifugal forces in the NEG literature. If that is the case for the Brazilian economy, for a
given level of openness to trade, the more manufacturing firms in S&o Paulo can exploit scale
economies (higher degrees of scale economies at the firm level), the lower should be the ratio
between the undeveloped and developed region output growth, meaning the developed region
grows relatively faster. On the other hand, for a given degree of scale economies, the more the
Brazilian economy is opened up to foreign trade, the higher should be the ratio between the
undeveloped and developed region output growth, meaning the undeveloped region grows

relatively faster (see Figure 1).
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Figure 1. Scale Economies, Trade Liberalization and
Regional Inequality

Results in Figure 1 shed some light on the interplay between scale economies, trade
liberalization and regional inequality in Brazil. Now that investment decisions can be
reevaluated and primary factors are allowed to move, the more developed region (including
Sdo Paulo) in the country can fully exploit additional scale economies. For values of SE (scale
economies) lower than 1 (increasing returns to scale), the relative inter-regional growth rate is
lower compared to their counterparts for SE values greater than one (decreasing returns to
scale), whatever the magnitude of the trade shock. This evidence corroborates the role of scale
economies as an agglomeration force, contributing to the maintenance of pre-existing regional
inequalities, as the economy opens up to foreign trade. On the other hand, the greater the
intensity of the trade shock, the higher the relative regional growth rate tends to be, despite
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the level of scale economies. This evidence now illustrates the role of trade liberalization as a
dispersion force, contributing to ameliorate pre-existing regional inequalities as the country

liberalizes.

The profiles in Figure 1 also give some insight on the net effects resulting from the tension
between scale economies and trade liberalization. The relative inter-regional growth ratio is
greater than one for all the scenarios under consideration, suggesting dispersion forces to
outweigh agglomeration forces even for the highest level of scale economies (SE=0.5)
combined with the mildest trade liberalization shock (25%). This result suggests net effects
from trade liberalization to lead unambiguously to regional activity de-concentration, in the

same spirit of Krugman and Elizondo’s predictions.

Dispersion effects seem to be more evident for lower levels of increasing returns to scale and
more relevant trade liberalization shocks. A question remains though to be settled: is the best
scenario to fight regional inequality trough trade policy also the best one to stimulate
Brazilian GDP growth? As simulation results have shown, the fact that the most developed
region in the country can exploit additional scale economies seems to undermine the potential
for regional de-concentration, as the economy opens up to trade. However, since scale
economies benefits the richest region in the country, it might well be the case that it
contributes significantly to GDP growth, even though it can harm regional activity de-

concentration. (see Figures 2 and 3).
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Figure 2. Scale Economies, Trade Liberalization and
GDP Growth
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Figure 3. Scale Economies, Trade Liberalization and
Southeast GRP Growth

Results presented in Figures 2 and 3 suggest trade liberalization policies to have a positive
impact on GDP growth (for all levels of scale economies), following greater GRP growth
rates in the most industrialized region in the country. Also, Southeast regional growth rates
are higher for higher levels of increasing returns to scale (SE = 0.5 and SE=0.7), suggesting
extra gains from trade whenever local firms are able to exploit additional scale economies.

Regarding the interplay between scale economies, trade liberalization, regional inequality and

growth, results in Figures 1, 2 and 3 can be summarized as follows:

1. Trade liberalization policies stimulate higher GDP growth rates and contribute to a
more spatially homogeneous inter-regional growth, whatever the level of scale

economies in Sdo Paulo’s manufacturing sector;
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2. National gains from trade can be higher when Sdo Paulo’s manufacturing sector is
able to exploit high levels of scale economies. On the other hand, scale economies
contributes to exacerbate pre-existing regional inequalities;

3. The best scenario to achieve higher GDP growth rates under trade liberalization does
not coincide with the best one to fight regional inequality, suggesting aggregate gains
from trade may be higher the more efficient is the manufacturing sector in S&o Paulo

relatively to the less developed region in the country.

5. Final Remarks

The existence of huge urban concentrations associated with high levels of regional income
inequality seems to be a typical third world phenomenon. Recent literature on economic
development has called attention to the role of physical capital accumulation policies - instead
of human capital accumulation policies - in exacerbating pre-existing regional income
inequality in developing countries. This paper focus on another possible - tough related -
explanation for the existence of huge regional income disparities in the third world: the
widespread adoption of importing substitution policies in the past, a point made earlier by
Krugman and Elizondo (1996) trough a theoretical NEG type model. According to this model,
the adoption of protective trade policies in the presence of scale economies and huge
transportation costs, should lead to urban concentration (regional income inequality). By the
same token, liberal trade policies should break the process of agglomeration economies,
leading centrifugal forces to overcome centripetal forces, thus leading to amelioration of pre-

existing regional inequalities.

Model results seem to corroborate Krugman and Elizondo’s predictions, at least in the case of
the Brazilian economy, a result apparently in conflict with previous investigations described
elsewhere in Haddad and Azzoni (2001). However, the CGE framework developed by those
authors does not model the Brazilian economy at the state level. Instead, the Brazilian
economy is broken down into three macro regions and is subjected to a unilateral import tariff
shock. State level results are forecasted using top-down ad-hoc techniques. The authors came
to the conclusion that trade liberalization may enhance pre-existing regional inequalities,
since the center-south region (an agglomerate of the south, southeast and center-west)
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performs much better in comparison to the poorest regions in the country (north and
northeast). To the extent that a multilateral trade liberalization shock cause the same spatial
effects as a unilateral one (which seems quite unreasonable), results reported in Haddad and
Azzoni may be basically driven by the outstanding performance of the state of Sdo Paulo, not
of the center-south region as a whole, as already discussed in this paper where agent behavior

is modeled at the state level.

Model results show that multilateral trade liberalization policies may potentially lead to
income diversion, benefiting relatively more the less developed macro region in the country, a
results that seems to be robust to possible variations in the way the developed and
undeveloped macro regions are possibly defined. Diversion effects do not come to the
expense of economic activity in Sdo Paulo, the focal point of agglomeration economies in the
country. Growth in the more industrialized developed macro region tends to be highly labor-
substituting, following progressive reduction in capital costs. On the other hand, labor
substitution in the less developed macro region (labor intensive region) tends to be at more

moderate rates.

The best scenario to stimulate output growth does not coincide with the best one to fight
regional inequality. With long run free factor mobility, S&o Paulo’s manufacturing sector can
benefit from the exploitation of additional external scale economies. This is right the opposite
result compared to the short run incursions described elsewhere in Ferraz and Haddad (2009),
where investment levels were fixed and thus firms could not reap the benefits of additional
gains in efficiency through agglomeration economies. Higher levels of scale economies in Sdo
Paulo’s industries are then good for regional (southeast) and national growth, but may hamper

the full potential to fight regional inequality trough trade policy.

In general, simulation results suggest that trade openness leads unambiguously to income
diversion and national output growth, no matter the level of scale economies in Sdo Paulo’s
manufacturing sector. This result seems to be an important one, particularly if the Brazilian
government is concerned with growth policies associated with lower regional disparities. This
result reinforces the additional role of liberal trade policies as effective horizontal type

policies well suited to fight regional inequality through traditional market forces.
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