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Abstract 

There are some knowledge gaps regarding the relationship between transportation infrastructure and economic 
development, especially about economic impacts that occur due to implementation of infrastructure in a given 
region, albeit various studies have addressed the issue. This paper aims to identify variables that affect economic 
development in order to contribute to the development of a theoretical model that could explain the relationship 
between transportation infrastructure and economic development. The theoretical model is satisfactory because it 
begins by analyzing the actions generated by the transportation infrastructure. Moreover, the model is based on 
the Location Theory considering the economic development and taking into account variables such as 
transportation costs, gain, product value, consumption, competition between companies and lastly monopoly. 
Finally, an econometric procedure, Spatial Panel Auto Regressive Vector Model (PVAR), was used to evaluate 
the relationship between economic development and investments in transportation infrastructure. 

Keywords: transportation infrastructure, economic growth, economic development, Lösch’s Location Theory, 
Spatial Panel Auto Regressive Vector Model 

1. Introduction 

The body of knowledge on transportation has gaps regarding how transportation infrastructure influences 
economic development, especially about the economic impacts that occur due to the building of infrastructure in 
a given region. Those impacts have not been measured or characterized. However, understanding this topic in 
detail is essential to develop public policies and guidelines on how investments in infrastructure should be 
conducted given that investing in transportation infrastructure usually increases a region’s level of socioeconomic 
development. In addition, the natural resources available in a region as well as its productive capacity should be 
taken into account when devising a regional plan for investment. 

As Brazil is a country of continental dimensions, the transportation sector is especially important because it is 
responsible for conveying both raw materials (inputs) and final goods (outputs) across great distances before they 
reach their destination (Araújo, 2006). Furthermore, when transportation infrastructure makes use of the natural 
resources available, the cost of conveying goods is greatly reduced. Unfortunately, from a historical perspective, 
Brazil has not been able to devise investment plans to provide efficient means of transportation that are coherent 
with the existing natural resources in each region. The country has continually failed to exploit its full productive 
capacity (Théry & Mello, 2005). 

Along with the investment governance failure, ever fewer investments in the transportation sector have been made 
over the years. Filho et. al. (1999) analyzed both the investment and funding of transportation infrastructure in 
Brazil between the years of 1999 and 2002. Such analyses show that the State's financial inability, added to the 
government’s change of agenda increased the tendency to fall of investments in infrastructure. Investments were 
as high as 12% of the country’s GDP in 1982, but only 1.1% in 1998 (Araújo, 2006). 

Studying the relationship between transportation and economic development is even more valuable in countries 
with budget constraints, not only to guide new interventions in transportation planning, but also because the 
resources used to build new transportation infrastructure have very high opportunity costs, given that they could 
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be used in public policies that would offer better socioeconomic results (Magalhães, 2006). Developing projects 
to minimize the costs of transportation infrastructure can have significant impacts on the population’s standard of 
living because they would benefit from the improvement of roads and means of transportation in general. In 
addition, production costs would be greatly reduced and this would also benefit the society as a whole. Moreover, 
this surplus capital could be indirectly invested in education, health, etc. 

Additionally, there is another important factor regarding the relationship between the investment in transportation 
infrastructure and the population’s quality of life, which is the modification of space: it becomes much more 
efficient by means of having better roads, which allow for faster transportation as well as airports with greater 
capacity and more terminals. Those factors influence where companies choose to make investments as well as 
their production and consumption decisions. Thus, they influence trade flows and the costs of trade relationships 
(Araújo, 2006). 

Therefore, this study aims to investigate the relationship between transportation infrastructure and economic 
development by means of a theoretical model and to provide guidelines for investments in the transportation sector 
so as to achieve higher productivity levels and a higher standard of living. It is assumed that the relationship 
between transportation infrastructure and economic development is dialectical, i.e., such relationship works in 
both ways, insofar as increase in economic growth requires more transportation infrastructure and vice versa. 
However, this paper proposes to address only one direction of that relationship. 

In order to contribute to the development of the theoretical model, Lösch's Location Theory served as a basis for 
this study because his theory works with concepts that are directly connected to transportation issues, especially 
the ones dealing with transportation costs. In addition, concepts regarding transportation infrastructure and 
economic development are used to provide theoretical support for the model. 

2. Literature Review 

Being familiar with some concepts as well as how they relate to each other and understanding the history of how 
thinking on this subject has developed is crucial for building a theoretical model. Thus, this section covers the 
main concepts regarding transportation and economic development; and Lösch's Location Theory, which provides 
a theoretical basis for the model proposed here. 

2.1 Economic Growth and Regional Economic Growth 

Countries’ economic growth has been the subject of academic studies since the beginning of the last century. 
Economic growth is a process of constant improvement regarding a set of values carried out by the population of 
a given area (Colman & Nixon, 1981; Lanzana, 2004). However, the values are determined by specialists, which 
make it a broad concept. Factors such as education, public and private investment and reducing the bureaucracy 
of State mechanisms explain the phenomenon to a greater or lesser degree (see Romer (1986 and 1990); Lucas 
(1990); Dasgupta and Stiglitz (1988); Aschauer (1989)). The basis of all those studies is the neoclassical theory of 
economic growth and its precursors (Ramsey, 1928; Solow, 1956; Swan, 1956; Arrow, 1962; and Uzawa, 1965). 
Aschauer in his work (Aschauer (1988 and 1989a-d)) discusses improving the efficiency of public investments. In 
recent decades, many researchers have dedicated themselves to proving the empirical validity of theoretical 
models, notably, Calderón et al. (2003); Calderón and Servén (2003); Ferreira and Maliagros (1998).  

Although there are several theoretical and empirical studies, the contribution of specific sectors to economic 
growth remains to be understood, as investing in transportation infrastructure generates different externalities and 
spillover effects than those generated by investments in telecommunications or energy. Aschauer (1989a) says that 
investment in infrastructure increases economic and regional growth, and if transportation is necessary for the 
physical connection of regions, then it is logical to think that creating, expanding and maintaining transportation 
infrastructures, be they highways, railways, ports, canals or navigable rivers, are sources of economic growth.  

The discussion around regional economic growth became more important in the late twentieth century driven by 
new explanatory theories that resulted from the development of globalization. Nevertheless, these theories often 
have different interpretations and are sometimes contradictory, thus, leaving plenty of room for constant debate 
(Cunha et. al., 2008).  

2.2 Transportation Infrastructure and Regional Economic Growth 

The issue of the impacts investments in transportation infrastructure can have on development, particularly on a 
regional or local scale, continues to be the object of investigation by transportation planners and scholars, with few 
consensual points and many uncertainties (Barros, 2006). 
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Haynes (1997) states that investments in transportation infrastructure cause both short and long-term impacts on 
local economies. There is still little research on topics such as the dimension of productivity yields, the intensity 
and sustainability of production growth, and the improvement of regional competitiveness, which remain a vast 
field for studies and research projects (Barros, 2006). On the other hand, according to Quinet (1992), the possibility 
of no impact taking place is unlikely and rare. In fact, recent studies suggest that, as the economic space becomes 
more sophisticated, and consequently there is better transportation infrastructure, the intensity of impacts, from a 
socioeconomic perspective, go in the opposite direction, gradually becoming weaker. It has been observed that in 
developed economies for example, impacts are tiny, sometimes even imperceptible, given that the transportation 
infrastructure in its broadest sense is already well established (Banister & Berechman, 2001; Barros, 2006). 

Regions that have dense transportation infrastructure networks are better equipped to exchange resources and 
services, they have greater potential for economic growth, provided that those networks have proper trafficability 
conditions and that they connect strategic points within the spatial structure. It is also important to verify the 
efficient scaling of the circulation structure (Guerra, 2007; Voigt, 1960). 

The impacts of transportation infrastructure should not be overlooked or neglected because they affect the economy 
directly, if you consider changes in accessibility and, indirectly, when you consider their multiplying effects 
(ESCAP, 2001; Araújo, 2006; Eberts, 2000). In the first case, accessibility reveals a region’s potential in terms of 
flow capacity to convey goods and people. In the second case, transportation infrastructure tends to affect the most 
dynamic sectors of the economy, which, by means of the multiplying effects, generate income and employment 
(Resende, 2003; Almeida, 2011). 

2.3 Regional Economic Development Theories 

Political economy emerged in the eighteenth century as a response to the bourgeoisie’s demand for a systematic 
explanation for the mechanisms of trade. Important names such as Adam Smith and David Ricardo developed the 
theoretical basis of that which is now called classical political economy. Classical economics consolidated the 
concepts of a strictly economic society, where individuals pushed the society’s material progress without worrying 
about the problems that would be caused by the development process itself (Duke apud Almeida, 2008). Theories 
of regional development started to emerge only after the crisis of 1929 and World War II. These theories focused 
both on economic development and on the problems caused by the crisis (Almeida, 2011). 

With the crisis, the issue of industrial concentration was considered harmful, given that unemployment and other 
effects it caused did not spread homogeneously across space, which created greater social problems in certain areas 
than in others. Economic recovery plans were required to take the element of space into consideration (Souza, 
1981). Accordingly, scholars began to develop geo-economics theories, which increasingly dealt with the issues 
of location and space (Almeida, 2011). The works of François Perroux, Von Thünen, Weber and August Lösch 
must be highlighted. This study relies on the assumptions proposed by the last author. 

2.3.1 Lösch’s Location Theory 

2.3.1.1 Introduction 

According to Ramos and Mendes (2001), Lösch (1957) relates the works of the scholars who came before him and 
adds to their work with original and important materials. Lösch expands the issue of industrial location to the 
economic system as a whole and applies a general equilibrium theory that is still current. To develop the concept 
of what a set is, Lösch analyzes the location issue from the point of view of both the producer and the consumer. 
The basic assumptions of his model include the existence of an unbounded, homogeneous plain, where the 
transportation conditions and production costs are similar at any point. Accordingly, the population and raw 
materials are evenly distributed over that plain. Furthermore, locations must be so numerous that the entire space 
is fully occupied. Lösch assumes that consumers have identical preferences, and those located on bordering areas 
are considered indifferent to neighboring producers when it comes to buying consumer goods (Breitbach, 1998). 

2.3.1.2 Formal Model of Lösch’s Location Theory 

Space configured based on those assumptions constitutes a market area especially monopolized by a single 
producer of a particular good. Mathematically, Lösch demonstrates that each market area assumes a cone shape, 
also called demand cone, so that it allows for both the greatest number of sales, and for satisfying all customers 
with the least distance friction possible. The best location is a function of the spatial differences between supply 
and demand; therefore, producers can make the most profit and consumers can shop at the lowest possible prices 
(Breitbach, 1998). Thus, there is the concept of market area (or demand cone) represented by Figure 1. 
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Figure 1. Representation of the market area (Lösch’s Demand Cone) 

Source: Mccann, 2013 

 

The volume of the demand cone, corrected by population density, is equal to the total product demand in 

accordance with the equation (1):  

 

ܦ         ൌ ߨܾ ׬ ݂ሺܲ ൅ ܶሻܶ݀ܶ
ோ
௞               (1) 

Thus: 

D:  total demand product (maximum demand); 

b:  is twice the population density; 

π:  the ratio of a circle's circumference to its diameter (approximately 3.14..) 

R:  critical transportation cost when the demand quantity of the product is zero (q=0); 

P:  product manufacturing price; 

݂ሺܲ ൅ ܶሻ: individual demand; 

T:  transportation cost. 

2.3.1.3 Conceptual Aspects of Lösch’s Location Theory 

This mechanism works as follows: there is a territory to be stocked with outputs from a production unit and the 
amount of goods to be sold is a direct function of price. In turn, the price varies according to the cost of 
transportation (distance). This is the boundary of the market area. As costs decrease, prices also fall, so that the 
bordering line moves, expanding the market area. This will be reduced when, for example, a production unit wants 
to expand its market area, supplying outputs to other consumption areas besides its own. In this case, transportation 
costs increase prices due to the great distance between producer and consumer. Higher product prices will suppress 
demand, which will, in turn, reduce the market area (Breitbach, 1998).  

From Lösch's perspective, the market area will determine the choice of location (Maia, 2001). The best market 
area is achieved by means of minimum production and reduced transportation costs. The establishment of new 
market areas due to the arrival of new companies causes certain companies to overlap each other’s market areas, 
consequently catering for shorter distances. This reduces transportation costs, thus, it reduces final prices. At 
equilibrium, production and transportation costs are identical for all companies and they will produce and sell the 
same amounts in the market (Souza, 1997). 
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That being the theoretical mechanism on which Lösch supports his location model, the author realizes that, in 
reality, the perspective from a single economic unit does not exhaust the problematics of location. Lösch reckons 
that producers of similar or complementary goods have a close relationship concerning location. Within a free-
competition market, such a monopolistic hypothesis cannot last long because when a competing producer enters a 
certain market area, that will change the conditions initially proposed (Breitbach, 1998). 

According to Mello and Mello (2009), with the work of Lösch (1957), companies’ geographic expansion process 
in domestic and foreign markets can be explained by the formulation of the concept of market area. Lösch relates 
the market area concept to economies of scale, with increasing revenue and demand curves in space. When there 
is an increase in economies of scale, the company’s overall supply in space also increases. Therefore, the concept 
of economies of scale, which begins and broadens the market area’s formation process, can be understood as the 
concentration of production of the same product in larger production units, in order to reduce the unit 
transformation cost. The fact that Lösch included economies of scale in his spatial analysis is important because 
he deals with the growth of these economies as a central analytical element that structures the economic space. 

Thus, taking into account the interaction between different factors, Lösch formulated his general equilibrium 
theory. By introducing the idea that multiple markets of different goods and of various sizes can overlap, Lösch 
created the market area network, whose production centers are interconnected to one another by means of a 
transportation network. The idea of market area networks has the notion of agglomeration; that is, the overlapping 
of different networks leads supply centers to coincide with higher demand, which thereby benefits certain 
production centers instead of others (Breitbach, 1998). 

Particular locations are determined according to the situation of production factors, on the part of both competitors 
and consumers. These locations influence each other by means of the impact they have on supply and demand 
levels and, therefore, on the nature and form of economic activities. Individual locations are determined by the 
pursuit of maximum individual profit; those relationships lead to the equalization of the economic units’ benefits 
and to the maximization of the number of independent units (Ramos & Mendes, 2001). 

This is why particular combinations arise between production and consumption centers. These combinations are 
called partial markets, which are a subdivision of the global market. There are two types of partial markets: ‘supply 
areas’, which occur in agricultural locations, and ‘extraction areas’, which occur in industrial locations. Lösch 
defines ‘supply areas’ as a scenario where many producers regroup around a consumption center, and ‘extraction 
areas’ as a situation when many consumption centers regroup around a producer (Ramos & Mendes, 2001). 

No matter how many production units there are in a given region, what counts are the number and the position of 
locations: that is what determines the type of region. It is worth noting that the number of production units is 
generally larger in agricultural settings than in industrial ones. These locations may be scattered around or 
agglomerated. In addition, the concentrations themselves may consist of punctual regroupings or regroupings by 
zones. In the first case, market areas overlap; whereas in the second, they are juxtaposed and their boundaries 
correspond to lines or land strips, according to the competing locations’ strengths and to the variety of products 
(Ramos & Mendes, 2001). 

Lösch then analyzed the features that should distinguish agricultural locations from industrial locations. In the case 
of industry, costs (transportation costs, production costs and the relationship between them) and revenues (value 
and purchasing power of customers, price levels). Even though these factors can be used to explain the actual 
locations, the best location, on the other hand, depends on net profit. However, after learning about the close 
interdependence relationship between price, demand and location, Lösch was not able to design a general formula 
to determine the best location because there are too many variables involved. The only possible solution is to find, 
for each virtual industrial location, the total possible demand and the desirable production volume, as a function 
of cost (Ramos & Mendes, 2001). 

According to Lösch, urban centers are point agglomerations whose locations are non-agricultural; and this 
formation is explained by five sets of factors (Ramos & Mendes, 2001): 

• The benefits of large-scale production can lead big companies to concentrate in a certain place; 

• Companies of the same type can be led to agglomerate by means of attraction to external economies; because of 
technical advantages of a given region regarding the production process, or also due to the increased possibility 
of competition; 

• Heterogeneous companies can geographically come near each other due to their interdependence linkages; 

• Urban centers can emerge from the simple agglomeration of consumers; 
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• It is important to add the historical factor which contributed that agglomerations take place around pre-existing 
sources of supply: raw materials, energy sources, workforce or capital. 

Lösch's Location Theory plays a central role in analyzing the relationship between transportation and economic 
development, given that the factors involving transportation costs are taken into account in the process of choosing 
the best location and establishing a market area. 

3. Theoretical Model Proposed to Feature the Relationship between Transportation Infrastructure and 
Economic Development based on Lösch's Location Theory 

As presented earlier, transportation infrastructure plays a central role in the process of economic development 
because it is only after there is transportation infrastructure that a region is able to have more commercial 
relationships and achieve greater development levels. However, this relationship is not direct. The steps that should 
be taken from implementing transportation infrastructure to achieving economic development are illustrated by 
the flowchart in Figure 2. 
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Figure 2. Theoretical model to feature the relationship between transportation infrastructure and economic 

development 
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It is worth highlighting that some conditions should be observed in order to achieve the ultimate goal which is 
economic development. Banister and Berechman (2001) state that investment in transportation infrastructure will 
only become economic development if economic, political-institutional and investment conditions act 
simultaneously. It is understood that a region needs to have transportation infrastructure in order to achieve 
economic development. However, having transportation infrastructure alone is not enough to ensure that economic 
development will take place (Barros, 2006). 

Improving transportation pathways makes it easier for regions to interact spatially and have more commercial 
relationships, which causes the regions to attract each other. An accessible region is interesting for companies that 
can quantify the monetary cost between two regions. Besides, when a region is accessible, transportation costs are 
greatly reduced. Choosing the efficient modes of transportation and transportation pathways, taking into account 
the region’s needs and availability of natural resources, leads to a higher flow of goods with low transportation 
costs, given that it promotes a better outflow of products because distances are shortened. 

According to Lösch's Location Theory, transportation costs play a key role when a company is choosing the best 
location for a market area. The best market area is the region in which transportation costs still cater for reduced 
product prices and profit yielding. It is worth highlighting that, when dealing with a developing region, it is 
important to improve transportation pathways and modes to reduce transportation costs because this will establish 
a better market area; thus, product prices will be reduced, higher profits will be achieved and the market area will 
be expanded. Moreover, this will call the attention of new companies, which may settle in the region and, 
consequently, resize the market areas in such a way that overlapping may occur. The overlapping of market areas 
will result in competition between companies and, thus, in income distribution. 

If a region is difficult to access due to its geographical isolation and poorly maintained roads, producers of different 
goods will have a monopoly of the goods sold as a result of the absence of competition. These producers will raise 
product prices, yielding higher profits and keeping the regional population with low income rates.  

This vicious circle can be broken by building new transportation pathways as a way of linking the region to major 
centers. By making the region more accessible and allowing for the arrival of new producers, the former monopoly 
will be broken. With the end of monopoly, products will no longer be overpriced and the profit will be transferred 
to the population, who will be able to use those resources to purchase services that were not accessible to them 
before. Another effect of the competition between companies on income distribution is the demand for workforce, 
which will result in higher salaries and, therefore, in increased income distribution. 

When prices are reduced, this obviously triggers greater consumption levels and, consequently, increases demand 
for products in order to meet the need of the economy. This requires production levels to grow, which, in turn, 
increases GDP and, hence, promotes economic development.  

On the other hand, given the increase in production and considering the ease of access between locations in the 
region under study, which has transportation infrastructure, it is possible to satisfy the domestic market’s needs 
and, from there, increase trade to other regions. This will generate capital surplus, which will result in economic 
stability and could be turned into public investment in strategic sectors, which will consequently improve the 
socioeconomic parameters. 

If a given region achieves economic development, economic stability, fair income distribution and improvement 
in socioeconomic development indicators, this means that the population of the region has higher standard of living 
and that, consequently, the region is developed. 

4. Empirical Methodology to Analise the Relationship between Investment in Transportation Infrastructure 
and Economic Development 

In this section the relationship between investments in transportation infrastructure and economic development 
was evaluated using econometric procedures. These econometric procedures are, specifically, multivariate time 
series techniques and models. The main idea is to evaluate the endogenous relation between the variations of GDP 
and the spatial shocks of investments in transportation infrastructure (Pradhan & Bagchi, 2013; Kulshreshtha & 
Kulshreshtha, 2001; Ramanathan, 2001).  

According to the presented theory it is assumed that spatial factors are important to estimate the effects of 
transportation infrastructure on development. Thus, in addition to the impact of this type of investment on the 
GDP, it was estimated whether the investments made in the federative units (states and the federal district) have 
any overflow effect on the vicinity. For this purpose, the Spatial Panel Auto Regressive Vector Model (PVAR) was 
used. The next subsections present the details of the spatial PVAR model, the data used, its sources and the 
estimation results. 
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4.1 Spatial Panel Auto Regressive Vector Model 

Autoregressive Vector (VAR) models emerged to estimate macroeconomic problems and were an alternative 
approach to simultaneous equations (Sims, 1980). The VAR model is a system of discrete equations and all 
variables are endogenous. However, in this paper the VAR model was estimated for a spatial data panel. 

The proposal is to investigate whether investments in transportation infrastructure have an impact on GDP in 
Brazil. In addition, we intend to test the overflow effect between the Brazilian regions. Therefore, a data panel was 
used for the period from 2006 to 2013. A similar study was that of Bertussi and Ellery Jr. (2006) who used a panel 
of fixed effects and quantiles regressions. 

The advantage of the model used in this paper is that it tests for the presence of endogeneity between investments 
and GDP variances, as well as dealing with the problem of endogeneity with dynamic variables (Anderson and 
Hsiao, 1982). After all, the PVAR Space is estimated using the Generalized Moments Method (GMM) (Arellano 
and Bover, 1995). By this approach the Losch theory variables are incorporated measuring the effects of 
transportation infrastructure on development conditioned by a cone shape demand distance using the PVAR Space 
model, but the variables in Losch theory are not directly incorporated.  

In this context, a Panel VAR with ݇ variables and order ݌is considered. This model is specified by fixed effects 
and represented by the following system of linear equations: 

ܦܩ ௧ܲ ൌ ଴ଵߙ ൅ ܸܰܫଵଵߙ ௧ܶ ൅ ܸܰܫଶଵߙ ௧ܶିଵ ൅ ⋯൅ ܸܰܫ௞ଵߙ ௧ܶି௞ ൅ ܦܩଵଵߚ ௧ܲିଵ ൅ ܦܩଶଵߚ ௧ܲିଶ ൅ ⋯൅ ܦܩ௟ଵߚ ௧ܲି௟ ൅

ଵଵܾܰ݁݅ߠ ൅ ݁௜ଵ ൅  ௜௧ଵ                                   (2)ߝ

ܸܰܫ ௧ܶ ൌ ଴ଶߛ ൅ ܦܩଵଶߛ ௧ܲ ൅ ܦܩଶଶߛ ௧ܲିଵ ൅ ⋯൅ ܦܩ௞ଶߛ ௧ܲି௠ ൅ ܸܰܫଵଵߜ ௧ܶିଵ ൅ ܸܰܫଶଵߜ ௧ܶିଶ ൅ ⋯൅ ܸܰܫ௟ଵߜ ௧ܶି௡ ൅

ଵଶܾܰ݁݅ߠ ൅ ݁௜ଶ ൅  ௜௧ଶ                                   (3)ߝ

where GDP is the annual changes in GDP, INVT is the expenditure on transportation infrastructure in year ݐ and 

in unit of the federation ݅. All variables were lagged until year ݇, ݈,݉ܽ݊݀݊. ,ߙ ,ߚ  re sets of parameters toߜ݀݊ܽߛ

be estimated. ߝ௜௧ଵܽ݊݀ߝ௜௧ଶ are the random errors of each equation, while ݁௜ଵܽ݊݀݁௜ଶ are the fixed effects 

components. 

It is assumed that the error components have averages equal to zero, ܧሺߝ௜௧ሻ ൌ 0, absence of serial correlation, 

௜௧ߝሺܧ
ᇱ ௜௧ሻߝ ൌ ௜௧ߝሺܧ ,and absence of spatial correlation ,ߑ

ᇱ ௜௦ሻߝ ൌ 0. All the parameters incorporated in the model can 

be estimated together with fixed effects. Despite the lagged dependent variables, estimates would be biased even 

in large samples (Nickell, 1981). However, the bias tends to zero as the sample increases. According to Judson 

and Owen (1999), although the bias tends to be zero, it exists for samples with degrees of freedom greater than 30. 

In order to correct for these possible biased estimators, the Generalized Moments Method (GMM) was adopted to 

estimate the system expressed by equations 2 and 3. The GMM method is not the only one able to correct the bias 

of the OLS estimators. That is also the case of the OLS model with dummy variables and Bootstrap resampling 

(Kiviet, 1995; Evereat and Pozzi, 2007). 

According to Anderson and Hsiao (1982), the first difference transformation can be consistently estimated, 

equation by equation. From differentiated and lagged instruments with different levels of ݕ௜௧ periods, the GMM 

estimate generates estimates in a VAR panel (Holt-Eakin, Newey and Rosen, 1988).  

Arellano and Bover (1995) proposed an orthogonal deviation as an alternative transformation to a first difference. 

For example, the ܦܩ ௜ܲ௧ dependent variable was calculated as ܦܩ ௜ܲ௧
∗ ൌ ሾሺܦܩ ௜ܲ௧ െ ܦܩ ௜ܲ௧ିଵሻ/ඥ ௜ܶ௧/ ௜ܶ௧ାଵሿ, where 

௜ܶ௧ is the number of future observations available to the panel. If panels are pooled over time, the GMM estimator 

is given by ீܣெெ ൌ ܦܩ ௜ܲ௧
∗ᇱܰܫ ௜ܸ௧ܹ

^
ܰܫ ௜ܸ௧

ᇱ ܦܩ ௜ܲ௧
∗

¯
ሻିଵሺܦܩ ௜ܲ௧

∗
¯

ܰܫ ௜ܸ௧ܹ
^
ܰܫ ௜ܸ௧

ᇱ ܦܩ ௜ܲ௧
∗ ). In this estimator W is a matrix of 

non-singular, symmetric and positive semi-defined weights. The joint estimation conducts the Wald Parameters 

test and the Granger causality test as well as the creation of the Impulse and Response Functions (IRF) and 

Forecast-error variance decomposition (FEVD). 
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4.2 Data, Data Sources and Variables 

To explore growth between investment and investment in infrastructure and resources, data from the Institute of 
Applied Economic Research (IPEA) and the Brazilian National Treasury were used. The data were selected for 
the 26 Brazilian states and for the Federal District, from 2006 to 2013, according to the availability of the 
information. 

State GDP was expressed in annual variations as proxy for the economic growth of each unit of the Brazilian 
federation. As the state's GDP, the transportation investment variable was also expressed in logarithmic form, for 
the purpose of calculating the annual variations. 

4.3 Results and Discussion 

The objective of the econometric estimation is to explain the relationship between state expenditure on 
transportation and regional economic growth. To estimate this relationship, a VAR model was used in Dynamic 
Panel (Pradhan & Bagchi, 2013). In this approach, the basic characteristic is the endogeneity between 
Transportation Expenditures (TE) and GDP Growth (GDP) in the states. It is assumed that TE explains the 
variations of state GDP, just as GDP can cause TE. The results of the estimation in GMM are expressed in Table 
1. 

 

Table 1. Estimated autoregressive vector models 

Source: authors' compilation, 2008. 

Note: ***, ** and * signal statistically significant coefficients at 10%, 5% and 1%. 

 

According to the results of Table 1, from a lag model, it was verified that State Expenditure on Transportation 
influences the economic growth of the Brazilian states. Although not interpretable, the results were statistically 
significant. Regarding endogeneity, it was noticed that the fact that the states grow economically also influences 
the spending of the State Governments on Transportation. 

According to the proposed theoretical model, the mechanisms that promote regional economic growth influenced 
by investments in transportation are: a) reduction of transportation costs; b) reduction of prices, and; c) higher 
profits. These mechanisms, through transportation costs, promote economic stability and more public investment, 
leading to regional economic development. 

Statistical tests of the neighborhood effect were incorporated in the econometric estimation. In Table 1 the 
neighborhood effect was statistically significant in all Brazilian regions. Basically, when the Brazilian States invest 
in transportation, it influences the economic growth of the border states. This effect is explained by the fact that 
Brazilian production is transported from the center of the country to the ports. This transportation is marked by the 
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connection between several modes of transportation, including by different infrastructures. In the same way as the 
state economic growth in Brazil is heterogeneous, the degree of development of the transportation infrastructure 
is as well. Therefore, all the problems faced in the logistics of Brazilian production reflect local development, 
especially when it comes to state highways. 

According to standard procedures for the estimation of VAR models in panel, the decomposition of the error 
prediction variance and the Impulse-Response Functions are estimated. All these results are set out in Table 2 and 
Figure 3. 

The results of the estimation revealed that transportation spending in the Brazilian states influences regional GDP 
growth for up to eight years. This effect is increasing from the second year and stable from the fourth year. The 
main explanation for this stability is the fact that transportation infrastructure expenditures require reinvestment. 

 

Table 2. Decomposition of the prediction error variance of the estimated panel VAR models 

Source: authors' compilation, 2008. 

 

Table 2 shows the influence of state transportation expenditures on a Brazilian region. The neighborhood test was 
repeated for the five Brazilian regions and it was verified that the effect is positive. It is noted that this effect is 
heterogeneous in magnitude, more intense in the Southeast and South, and less intense in the north and northeast 
regions of Brazil. Another important fact is to verify that the economic growth of the neighboring states promotes 
even more economic growth in the state where transportation expenses originated. 

In general, regarding the neighborhood effect, it was noted that about 3% of the variations in the GDP of a region 
can be due to the influence of the transportation expenditures of neighboring states. It should be noted the 
magnitude of this effect is greater in the Southeast states and that can be caused by the border with more regions 
and also by local economic potentialities. In the case of the North, not even 1% of GDP changes are explained by 
neighboring transportation infrastructure spending. 

In Figure 3, the Impulse-Response Functions show the persistence and duration of these state investment shocks 
in transportation and its neighborhood effects. Like the estimated results for the decomposition of variance, in the 
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impulse-response functions, transportation investment expenditures are more intense and last up to eight years, 
after which new investments are required. When this effect is decomposed by Brazilian regions, the results are 
more persistent in the Central-West region, the one totally dependent on the national logistics to transport 
agribusiness production. 

In the Central-West region, the effect of transportation expenses on state GDP has a positive and increasing effect 
in the first years, and from the fourth year onwards, the effect of transportation investments returns to the initial 
level. Again, the need for continuous reinvestment is proven to influence regional economic growth. 

Figure 3. Impulse-response functions of the estimated panel VAR models 

Source: authors' compilation, 2008 

 

According to the specialized literature, estimates of a VAR model are rarely interpreted. Often, after estimating 
this class of econometric models, it is necessary to validate the interpretation of the FEVD and the impulse-
response functions. This validation is done by the estimated VAR stability condition. Thus, according to Figure 4, 
the Eigenvalue graphs confirm that the estimate is reliable. 
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Figure 4. Eigenvalue graphs for stability test of panel VAR model 

Source: authors' compilation, 2008 

 

The respective graphs confirm that the real and imaginary roots of the forecast are stable and are statistically 
reliable. The tests were repeated for each estimated regional model and, in all, stability predictions were proved. 
This result can be observed because the roots do not extrapolate the real field of prediction. 

5. Conclusions 

The main objective of this paper was to evaluate the effect of investments in transportation infrastructure on 
Brazilian economic development. The study developed a methodological strategy for theoretical and empirical 
mechanisms. The relationship between economic performance, measured by the GDP growth was related to 
spending on transportation infrastructure in the Federative Units. 

From the theoretical point of view, three channels of economic development were established. Through these 
mechanisms, it was established that investments in transportation infrastructure promote cost reduction, expansion 
of the borderline and profit making. The results are direct on economic growth, excess capital formation and 
income distribution. Thus, the interaction of these channels results in economic development. 

Through the empirical approach, it was observed that spending in the Brazilian Federative Units generates local 
economic growth. It was also found that there is a spillover effect, specifically that investments in transportation 
infrastructure cause economic growth in neighboring units of the Federation. In addition, econometric tests pointed 
to an endogenous relationship between economic growth and investment in transportation infrastructure 
conditioned to spatial characteristics by PVAR model. Besides the importance to the local economy, it was verified 
that the economic performance of the federative units are also important levers of investments in transportation 
infrastructure. In regional terms, investment in transportation infrastructure is more intense in the Federative Units 
of the Midwest, certainly due to the logistic dependence of agribusiness. 

It is important to highlight the following limitation of the study: 

• The body of knowledge on transportation has gaps regarding how transportation infrastructure influences 
economic development, especially about the economic impacts that occur due to the building of infrastructure in 
a given region. Those impacts have not been measured or characterized.  
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This paper contributes to the economic discussion of investments in transportation infrastructure and its effects in 
Brazil. The theoretical contribution explains the complexity of the mechanisms of this investment in the promotion 
of economic development in the country. On the other hand, the empirical methodology advances to tests of 
endogeneity, investment dynamicity and overflow effects. However, the following recommendations can guide 
future studies on the topic: 

• Advancement of economic development measures in the analysis of the relationship between investment in 
transportation infrastructure and economic development conditioned to distance factor and in line with the 
government spending as a complement, as in Aschauer (1988) but in a microeconomic approach; 

• Sensitivity analysis considering the spillover effect that investments in transportation infrastructure cause 
economic growth in neighboring units of the Federation. 
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