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Abstract: The development and maintenance of transport infrastructure cause several economic 
consequences on local regions. The Brazilian federal government created the Federal Highway Concession 
Program, setting that concessionaires are bound by contract to improve the quality of road corridors and, 
in return, they are allowed to charge tolls. This article aims to analyze the effects of this Program	on the 
economic performance of municipalities measured by Gross Domestic Product (GDP) and formal 
employment. The research uses data from municipalities between 2007 and 2017 and employs the 
difference-in-differences methodology with staggered adoption. Results suggest that the Program 
contributed to GDP growth among municipalities traversed by the tolled highways depending on the initial 
year of the concession and the accumulated time of the concession. Locations that spent more time in the 
concession had a positive return on GDP, but the effect of participation in the Program on GDP was 
negative for groups that were treated later. In addition, the Program had no statistically significant effect 
on formal employment. 
Keywords: concession; infrastructure; highway; Brazil. 
 
 
Resumo: O desenvolvimento e a manutenção da infraestrutura de transporte causam várias consequências 
econômicas nas regiões locais. O governo federal brasileiro criou o Programa de Concessões de Rodovias 
Federais, onde as concessionárias são obrigadas por contrato a melhorar a qualidade dos corredores 
rodoviários e, em contrapartida, podem cobrar pedágios. Este artigo tem como objetivo analisar os efeitos 
desse Programa no desempenho econômico dos municípios medido pelo Produto Interno Bruto (PIB) e 
pelo emprego formal. A pesquisa usa dados de municípios entre 2007 e 2017 e emprega a metodologia 
diferença-em-diferenças com adoção escalonada. Os resultados sugerem que a contribuição do Programa 
para o crescimento do PIB entre os municípios que cruzam as rodovias concedidas a iniciativa privada 
depende do tempo de concessão da rodovia e do ano inicial da concessão. Localidades que passaram mais 
tempo na concessão tiveram retorno positivo sobre o PIB, mas o efeito da participação no Programa sobre 
o PIB foi negativo para os grupos que foram tratados posteriormente. Além disso, o Programa não teve 
efeito estatisticamente significativo sobre o emprego formal. 
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1. Introduction: 
Transport infrastructure is essential to promote growth and economic development 

(BANERJEE et al, 2020; GHANI et al., 2016). Through the improvement and construction of 
new mobility accesses, transport infrastructure reduces costs and improves access to markets 
and labor, stimulating economic integration, competition and agglomeration economies. In 
addition, it helps to take advantage of investment opportunities in human capital - with 
improved access to school and health. There are still other intangible benefits, which consist in 
facilitating the diffusion of knowledge about new technologies and patent development 
(BANERJEE et al., 2012; CALDERÓN & SERVÉN, 2014; AGRAWAL et al., 2017; 
GIBBONS et al., 2019). 

In Brazil, historically, the most used transport infrastructure is the road mode 
(BROCHADO and VASSALLO, 2014; CRUZ et al., 2015; BIRD and STRAUB, 2020). This 
modal occupies 63-65% of the net ton-kilometers – compared to 21% in China and 39% in 
India. This modality has a strong presence in the activities of the domestic market and involves 
industrial and consumption goods (WORLD BANK, 2017). This conditioning started in the 
1960s and 1970s, when the paved federal road network grew rapidly using resources collected 
by the Union through taxes on fuels and lubricants, on the ownership of vehicles and others, 
destined to the implementation of the National Highway Plan and financial assistance to states 
in the execution of their road investments (IPEA, 2010). However, these investments lost 
strength since 1974, when part of the resources directed to road infrastructure began to be 
directed to other priorities (IPEA, 2010).  

In this context, tolls, an alternative source of financing, have become more used. In 
1993, the Brazilian federal government initiated the Federal Highway Concessions Program, 
created by Ministerial Decree No. 10/93, whose main objectives were to reduce public costs 
and ensure the quality of road corridors (BARBO et al., 2010; VERON & CELLIER, 2010). 
Since then, the exploration of highways by the private sector in Brazil has resulted in the 
charging of toll fees. On the other hand, concessionaires are required to improve the provision 
of services, according to an economic-financial equation regulated by a concession contract. 

Currently, the Program is in its fourth stage and it has been analyzed mainly regarding 
the economic-financial balance of the concessions (VASCONCELOS, 2004; SOARES & 
CAMPOS NETO, 2006; MULLER et al 2012;). Part of the literature used Data Envelopment 
Analysis to verify the efficiency of the highway concessionaires that are part of the Program 
(AZEVEDO et al., 2012), while other works have analyzed the contractual models of these 
concessions (CÂMARA, 2006; BROCHADO & VASSALLO, 2014). Finally, Carpintero et 
al. (2014) carried out a cross-country analysis of traffic risk allocation in road concessions in 
Latin America to consider whether the traffic risk mitigation mechanisms implemented in the 
region were successful.  

The present study analyzes the effect of the Federal Highway Concessions Program on 
the economic performance of Brazilian municipalities. This research is related to a growing 
international empirical literature on the evaluation of transport infrastructure in development 
indicators. Roberts et al. (2012) evaluate the short-run aggregate and spatial economic impacts 
of network expansion.	Banerjee et al. (2012) investigated in the long run the expansion of the 
railway line in GDP. Wang et al. (2017) and Agrawal et al. (2017) estimated the impact of 
transport infrastructure on the firm's innovation. Datta (2012) and Ghani et al. (2016) examined 
the effect of transport infrastructure in India on the performance of companies. Gibbons et al. 
(2019) and Michaels (2008) investigated the impact of a new road infrastructure on the labor 
market. Studies also provided evidence on the impact on poverty of access to rural roads 
(AGGARWAL, 2018; QINA & ZHANG, 2016). Others have investigated the relationship 
between roads and education (ADUKIA et al., 2019). Chen and He (2015) and Audretsch et. 
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al (2020) evaluated the charge of road tolls in economic indicators in China and Portugal, 
respectively. 

This research adds a new perspective to the existing literature on the impact assessment 
in transportation with data from Brazil, such as by Bird and Straub (2020) and Morten and 
Oliveira (2018), who created eight lines connecting Brasília to the state capitals and analyzed 
the impact of roads, respectively, on population size, GDP and migration. Medeiros et al. 
(2021) verified the relationship between infrastructure and poverty. 

It appears that the vast majority of these studies considered the impacts of a new 
infrastructure supply on economic aspects. In the present study, the infrastructure already 
exists, but the concessionaire must improve the quality of the service and in return charge tolls 
for the use of public roads. Thus, this article is – as far as we know1 – the first to analyze how 
Federal Highway Concessions Program affects local economic indicators of GDP and formal 
employment. 

According to the report of the World Economic Forum (2019), Brazil occupies the 85th 
position in the ranking in terms of transport infrastructure among 100 nations analyzed. In the 
political discussion, it is often claimed that new road concessions are worth the investment 
because they stimulate the activity of the private sector, with the formation of companies and 
the growth of employment. These results can arise through changing physical accessibility, in 
terms of time, safety and quality of travel. However, it is complex to substantiate such claims. 
The central problem in determining the causal effects of highways on spatial economic activity 
is that they are not randomly assigned to locations. Therefore, it is not clear ex ante whether 
the changes observed in the outcome variables, such as GDP or employment, are caused by the 
improvement of highways or by other unobserved location characteristics (AUDRETSCH et. 
al, 2020). 

To deal with this fundamental problem of endogeneity, this article makes use of a quasi-
experiment strategy proposed by Chandra and Thompson (2000). In addition, it uses the 
method of difference-in-differences with panel data presented by Callaway and Sant'Anna 
(2020) that proposes a model that incorporates multiple periods of time and variation in the 
treatment time. Results shows that the introduction of the Program had a positive effect on the 
GDP of the municipalities crossed by the highways granted to the private sector, compared to 
municipalities crossed by highways which are not maintained by a concessionaire. However, 
the effects are different depending on the initial year of the concession and the accumulated 
time of the concession. The concessions in the second stage of the Program had positive effects 
for the locations crossed, while those in the third stage had negative results, accentuated by the 
economic crisis that started in 2014. Furthermore, the Program had no statistically significant 
effect on the balance of formal employment.  

This work is divided into five sections, besides this introduction. The next section 
presents the literature review about the relationship between transport infrastructure and 
economic development. The third section presents the Federal Highway Concessions Program. 
The fourth section describes the methods and procedures, emphasizing the econometric 
methods of difference-in-differences. The fifth points out the result analyzes. Finally, the sixth 
section presents the conclusion. 

 
2. Transport infrastructure and economic development 

The efficient provision of infrastructure services affects the productivity and 
competitiveness of the economic system and, at the same time, improves social well-being 

 
1 Bibliographic review carried out in March 2020 on the Web of Science, Spell and Scielo databases, using the 
following terms: Programa de Concessões de Rodovias Federais; Federal Toll Road Concession Program; 
highway concession Brazil; concessão rodoviária Brasil; concessão federal Brasil; Federal Toll Brazil. Filter 
period: 2001-2020. 



 4 

(CAMPOS NETO et al., 2018). A vast literature has examined the empirical evidence of this 
relationship on a variety of cross-section, time series and panel data configurations (MELO et 
al., 2013; CALDERÓN & SERVÉN, 2014). 

Aschauer (1989) started the debate studying the effects of public infrastructure on 
economic activity (DURAN-FERNANDEZ & SANTOS, 2014; WANG et al., 2018). He 
analyzed United States markets from 1949 to 1985 based on a theoretical model that considered 
the level of real aggregate production of goods and services per year in the private sector as a 
function of employment, capital and the supply of public money. The results showed that non-
military public capital had a positive impact on productivity and the estimated elasticity of 
production in relation to the main infrastructure was approximately 0.24. 

Munnell (1990) also using data at the country level and Garcia-Mila and McGuire 
(1992) at the state level confirmed that the infrastructure had a positive and significant effect 
on production in the United States. However, other articles criticized the econometric 
assumptions behind these studies (HOLTZ-EAKIN, 1994; MELO et al., 2013). Holtz-Eakin 
(1994) appreciated the empirical content of these works and argued that previous findings of a 
positive impact on the stock of public capital may have arisen due to a failure to explain the 
endogeneity of public capital. More productive states could easily spend more on public 
investment. 

From these criticisms, the following works developed different approaches to solve the 
problem of endogeneity. In short, researchers have advocated for the use of quasi-experimental 
methods, instrumental variables of the historical route (IV) and planned route with instrumental 
variables (IV) (AUDRETSCH et. al, 2020). 

Chandra and Thompson (2000) used the idea of a natural experiment and analyzed the 
construction of the Interstate Highway System in the United States, using aggregated data from 
broad sectors. They argued that there is a greater potential for bias induced by endogeneity in 
metropolitan municipalities that receive new highways. Non-metropolitan counties generally 
receive an interstate, because they fall on the route between cities that have been selected to 
receive a new highway. However, metropolitan areas can be chosen specifically to receive a 
new highway due to its size, growth rate or to alleviate congestion on existing roads. The 
authors pointed out that the highways increased the level of economic activity (expressed by 
the level of industrial earnings) in non-metropolitan municipalities that directly benefited from 
the new construction, in relation to the municipalities that did not receive this infrastructure. 
The intensity of this increase depended on the industrial sector. 

Datta (2012) also used the quasi-experiment method and analyzed the impact of the 
construction of India's Golden Quadrilateral Program on the companies' performance. The 
author affirmed that the highway improved the efficiency of stocks and the supply of inputs to 
industries located on the network. Ghani et al. (2016) confirmed that this highway program has 
brought positive results for the country's economy. 

Other works have also analyzed the BRICS countries (CHATTERJEE et al., 2021; HE 
et al., 2020; BIRD & STRAUB, 2020; BANERJEE et al., 2020; FABER, 2014; AGGARWAL, 
2018; ADUKIA et al., 2019 ;). Banerjee et al. (2020) estimated the effect of access to transport 
networks on regional economic results in China during a twenty-year period of income growth. 
It inaugurated an instrumental variable methodology, which uses straight lines of distance 
based on historical preconditions to provide an exogenous measure of access to modern 
transport corridors (BIRD & STRAUB, 2020). Banerjee et al. (2020) found that the regions 
closest to the historic transport networks had higher levels of GDP per capita, greater income 
inequality, a higher number of companies and higher average company profits. However, these 
differences in levels were relatively small in magnitude and did not provide evidence that 
distance has affected income growth during the period. 
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Following this straight-line instrumental variable methodology, studies like those of 
Faber (2014), Ghani et al. (2016), Morten and Oliveira (2018), and Bird and Straub (2020) 
specifically analyzed road transport in developing countries. Faber (2014) estimated the 
influence of the construction of a Chinese road system on GDP growth. The research question 
was whether the construction of these highways maintained the trend of concentration in urban 
centers or contributed to the growth of the periphery. The author identified that the connections 
caused a reduction in the growth of the local GDP between the peripheral municipalities on the 
way between the targeted metropolitan centers, in relation to the non-connected peripheral 
municipalities. This effect was caused by a significant reduction in the growth of industrial 
production. 

In Brazil, the study by Bird and Straub (2020) created eight straight lines, connecting 
Brasília to all state capitals, with the aim of instrumenting travel time from different locations. 
In their results, the authors pointed out that better access to large urban centers generated 
important agglomeration effects in terms of population growth and GDP. 

Empirical findings on the impacts of transport infrastructure are inconclusive (HOLL, 
2004a). Most aggregate studies conclude that there is a positive relation between the level of 
infrastructure and the level of economic growth. The results of the estimates highlight its 
complex nature and the minutia of localities and sectors to be considered in the model (HOLL, 
2004b). 

Most previous research has considered the consequences of the new provision of 
infrastructure on economic aspects. However, authors such as Mu and Van de Walle (2011), 
Iimi et al. (2015) and Queiroz et al. (2018) analyzed the impact of improving existing rural 
highways in countries like Vietnam and Brazil. Mu and Van de Walle (2011) used the 
difference-in-differences method combined with the Propensity Score to estimate the effect of 
a World Bank-financed rural road rehabilitation project implemented between 1997 and 2001 
on the development of local markets at the municipal level. Two years after the program, the 
results indicated that the recovery of the routes resulted in positive impacts, in terms of the 
presence and frequency of local markets in addition to the availability of services. However, 
the results varied between municipalities, whereas in the poorest locations the impacts tended 
to be greater due to the lower level of initial development of their markets. 

In contrast, some researchers have analyzed the economic impact of tolls in locations 
where highways already existed (CHEN & HE, 2015; AUDRETSCH et al. (2020)). Audretsch 
et. al (2020) studied the case of the introduction of tolls on the SCUTs (acronym for ‘Sem 
Custos para o Utilizador’/without costs for the users)) highways in Portugal, in response to the 
sovereign debt crisis. They used the difference-in-differences methodology and showed that 
this change had negative effects on the number of firms and employees in the private sector in 
the municipalities crossed by these highways. In addition, the analysis of the heterogeneity of 
impacts revealed that the results differed between municipalities, sectors and company size 
classes. Regarding the size and sector of the companies, the largest and the manufacturing ones 
were most affected, and the negative effect on the number of companies was stronger 
immediately after the introduction of tolls. The negative impact on employment has increased 
over time. 

Chen and He (2015) employed Pooled Mean Group (PMG) estimators and also found 
a negative impact of tolls on economic growth, where a 1% increase in tariffs corresponded to 
a slower Chinese growth of 0.005% in GDP and a GDP per capita 0.03% lower. In the long 
run, growth in road tolls seems to impede inter-regional trade and to lead to greater market 
segmentation.  

However, in these locations the toll would not have a counterpart for improving the 
infrastructure. The only purpose of this policy change was to increase public revenues of 
countries (Chen & HE, 2015; Audretsch et al, 2020). 
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In Brazil, unlike these places, the payment of tolls by a concessionaire is associated, by 
concession contract, with ensuring the quality of road corridors. In this perspective, Pereira 
(2015) studied the case of the state concession in Paraná and analyzed whether the 
municipalities close to the concession’s highways had an increase in employment. The results 
indicated that the concessions only generated positive effects for cities close to the highway, 
suggesting that regular maintenance of roads, now financed by the concessionaire, provides 
nearby cities with competitive advantages over those more distant and still dependent on state 
investment. 

In summary, when examining the literature on transport and its impacts on the 
economy, this work is closely related to existing studies because it uses methodologies that 
consider the problem of endogeneity, with the use of quasi-experimental methods linked to the 
difference-in-differences methodology. It is differentiated, in turn, by analyzing the Federal 
Highway Concession Program in Brazil and being the first to provide empirical evidence on 
the question of how municipalities are economically affected by federal highway concessions, 
in relation to economic variables GDPs and formal employment. 

 
3. Federal Highway Concession Program in Brazil 

The Federal Highway Concession Program in Brazil was instituted by Ministerial 
Decree No. 10/93. The main objectives of this program were to reduce public costs and ensure 
the quality of road corridors (BARBO et al., 2010; VERON & CELLIER, 2010). This quality 
is required in the concession contract and, in return, the concessionaires charge tolls from users. 

Initially, two stages of the program were defined. The first started in 1994, when the 
Rio-Niterói Bridge was granted to the private sector, followed by four stretches of federal 
highways. Subsequently, in 2007, the second stage tendered seven stretches of highways 
(ANTT, 2019). 

Between the first and second stages, the National Land Transportation Agency - ANTT 
was created, by Law No. 10.233 / 2001, which was in charged with, among other activities, the 
regulation of the federal road infrastructure. In 2005, ANTT assumed the conduction of the 
studies necessary for the bidding process for federal highway concessions, before it was done 
by the Ministry of Transport.  

Altogether, 25 concession contracts have already been signed and the Program is in its 
4th stage. With all this conjuncture, evaluating this Program and its stages, as well as others in 
the transport sector, is a challenge, due to the complexity of the result chains (IIMI et al., 2015).  

The main hypothesis of this article is that road concessions have generated positive 
economic impacts for municipalities. These results can arise through changing physical 
accessibility, notably in terms of time, safety and quality of travel. The improvement in 
accessibility can probably affect the demand for transport and decrease the operating costs of 
mobility services, because when vehicles travel through bumpy roads, for example, the damage 
and wear of parts increase. Travel time also increases, as the speed with which the vehicle is 
able to travel safely in these conditions is lower. For this reason, high quality roads, suitable 
for traffic, well signposted and with no defect pavements provide savings in transport costs, 
increase the reliability of deliveries and access to markets, stimulating the development of the 
region (CNT de Rodovias, 2019). 

Indeed, Alves et al. (2020) assessed the average impact of the implementation of road 
concessions on the road safety performance of federal highways in Brazil. The authors showed 
that the introduction of road concessions reduced road death rates and improved road safety, 
although such improvements did not become significant until a few years after the concession 
was implemented. Alves et al. (2020) explained that it takes a few years for contracting 
companies to complete more substantial investments in roads and improve road safety and that 
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publicly administered highways are more likely to face poor maintenance and accumulate, over 
time, the negative effects of road degradation on traffic safety. 
4. Methodology 

The geography of the highways is probably endogenous in relation to development, 
because the initial conditions may determine the placement of the road project, as well as 
influence the subsequent growth path (MICHAELS, 2008; MU & VAN DE WALLE, 2011; 
DATA, 2012; GIBBONS et al., 2019). 

Thus, to correct these potential sources of selection bias and estimate the impact of the 
Federal Highway Concession Program on regional development, this work used the idea 
proposed by Chandra and Thompson (2000). The authors stated that it is correct to treat the 
construction of interstate highways as an exogenous shock of infrastructure for non-
metropolitan municipalities, as these places usually receive an interstate because they fall on 
the route between cities that were selected to receive a new highway. In this context, the work, 
in addition to removing the municipalities corresponding to the initial and final points of the 
sections belonging to the federal concessions - due to the additional terminal effects, analyzed 
only the municipalities that do not belong to metropolitan regional areas. 

In addition, the research used the methodologies of difference-in-differences by the 
traditional method, the famous two-way fixed effects (TWFE), and event study. Both methods 
were weighted by estimated propensity scores. To complement the analysis, we also added a 
methodology that employs the staggered adoption of the policy which accounts for dynamic 
paths of treatment effects and varying treatment times, through Callaway and Sant'Anna (2020) 
estimator. 

 
4.1 Propensity Score 

The treatment group consists of municipalities that have federal highways granted to 
the private sector, through the Federal Highway Concessions Program. We used a reweighting 
technique based on estimated propensity score for the probability of a municipality being part 
of the Program given a vector of characteristics from the period prior to the treatment, 2007. 
These weights were applied to balance the municipalities in the control group, making this 
group on average similar to those treated before treatment.  

For the re-weighting of the traditional difference-in-differences models and event 
study, we used a Probit model, while for the difference-in-differences methodology with 
staggered adoption, developed by Callaway and Sant'Anna (2020), the generalized propensity 
score was estimated using the Logit model. All models used as pretreament covariates 
educational characteristics, public infrastructure for basic sanitation and collection of local 
taxes in each municipality. 
4.2 Difference-in-differences 

Difference-in-differences is the most common and the oldest quasi-experimental 
research project (GOODMAN-BACON, 2018). Currie et al. (2020) pointed out that almost 25 
percent of all National Bureau of Economic Research (NBER) research on applied 
microeconomics referred to difference-in-differences. 

The difference-in-difference model used to estimate the effects of the Federal Highway 
Concession Program on outcome !!" (GDPs and formal employment) for municipality " in time 
# is given by: 

!!" = %# + '" + ($)*+,-.."*+!" + /! + %$0!" + -!"	(4.1) 
The main variable of interest in this equation in )*+,-.."*+!", which indicates that 
municipality " received the concession in year # or not. The term /! denotes a municipality 
fixed effect, '" is a year fixed effect and -!" is an idiosyncratic error term. A matrix of control 
covariables (0!") that varied over time was included, which corresponded to the same variables 
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used in the Propensity Score, but with updated values for date #. Standard errors are clustered 
at the municipal level, seeking to correct a possible serial correlation of the errors. 

Clarke and Schythe (2020) pointed out that the event study methods have been borne 
out of two-way fixed effects. They used as counterfactuals the areas in which the policy or 
event does not occur or has not yet occurred. When considering the variation in results around 
the adoption of the event compared to a baseline reference period, the leads and lags of the 
event are estimated, allowing a visual representation of the causal impact of the event over 
time. 

When examining the period from 2007 to 2017, one can identify the values of GDP and 
formal employment before the adoption of the Program and trace their evolution in the 
following years, with the following equation: 

!!" = %# +7%%(8-9*:-	;)!"
&

%'$
+7%%(<9#-:	=)!"

(

)'$
+ /! + '" + %$0!" + -!"(4.2) 

Before j and After k are binary variables that indicate that the municipality was a certain 
number of periods away (j or k) from the event of interest in the respective period of time. In 
the equation, the first Before is omitted from the baseline, where j = 1. As before, /! 	and	'" are 
municipality and time fixed effects, 0!" are time varying covariates e and -!" is the error term. 
Once again, standard errors are clustered at the municipal level. 

 
4.3 Difference-in-differences with staggered adoption 

Despite the popularity of the difference in differences estimator, recent research has 
shown that one must be very careful in attaching a causal interpretation to these aggregated 
parameters (CALLAWAY & SANT'ANNA, 2020). Goodman-Bacon (2018) discussed the 
two-way fixed effects and stated that when the treatment effects evolve over time, the “negative 
weight problem” occurs, because the weights in the underlying treatment effect parameters are 
sensitive to the size of each group, the time of treatment and the total number of time periods. 

In relation to the study of events, Sun and Abraham (2020) pointed out that the 
parameter associated with the model cannot represent the parameter of interest without strong 
assumptions such as homogeneity of the treatment effect. 

In contrast, the Callaway and Sant'Anna (2020) model considers a natural 
generalization of the Average Treatment on the Treated (ATT) that is suitable to setups with 
multiple treatment groups and multiple time periods. Specifically, the ATT for time # is defined 
for individuals treated for the first time in period g as: 

<??(@, #) = B[!"(1) − !"(0)|G* = 1]   (4.3) 
where !"(1) is the potential result (GDPs and formal employment) at time t if treated, !"(0)	is 
the potential result at time t if not treated and  G* =  1 is a binary variable that indicates that the 
individual belongs to the group whose treatment starts in period g. 

The <??(@, #) allows us to analyze how the average treatment effect vary in different 
dimensions in a unified way. 

In order to identify the ATT(g,t) and their functionals, the main premises of the model 
are: Irreversibility of Treatment, which assumes that once a unit becomes treated, that unit will 
remain treated in the next period; the Limited Treatment Anticipation for all “eventually 
treated” groups, which imposes an assumption of “no-anticipation” of the treatment, or else, 
that one has a good understanding about the anticipation horizon; and the conditional parallel 
trends based on a “never treated” group that states that, conditioned on the covariates, the 
average results for the group treated for the first time in period g and for the group “never 
treated” would have followed parallel paths in the absence of treatment. 

Callaway and Sant'Anna (2020) showed that there can be three types of approaches to 
reach as estimator for the <??(@, #): outcome results (OR), inverse probability weighting 
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(IPW) or doubly-robust (DR). In this work we apply the DR approach, which combines the OR 
and IPW approaches, which only requires one to correctly specify either (but not necessarily 
both) the outcome evolution for the comparison group or the propensity score model.  

Pretreatment covariates play an important role in the analysis. The assumption of 
conditional parallel trends based on a “never treated” group suggests that pretreatment 
covariables that are potentially associated with the evolution of the !"(0) outcome during the 
post-treatment periods should be included. The model explicitly excludes the incorporation of 
post-treatment covariates, as they can be potentially affected by the treatment. 

To summarize the results contained in the estimated <??(@, #), the Callaway and 
Sant'Anna (2020) model considers aggregation schemes that deliver a single overall treatment 
effect parameter with similarities to the ATT in the two period and two group case as well as 
partial aggregations that highlight heterogeneity along certain dimensions such as (a) how 
average treatment effects vary with length of exposure to the treatment (event-study-type 
estimands); (b) how average treatment effects vary across treatment groups (group-specific 
effect). 
 
4.5 Data 

The treatment group consists of municipalities that have federal highways granted to 
the private sector, through the Federal Highway Concessions Program. Between June 1995 and 
July 2020, concessions were implemented in four stages. According to the availability of data, 
which covers the period from 2007 to 2017, this study focused on the analysis of the second 
and third stages, leading to 215 treated municipalities. The comparison group was made up of 
municipalities that are crossed by federal highways that do not participate in the Program, 
accounting for 2,035 municipalities. 

Information and maps of the groups were obtained on the website of the Ministry of 
Infrastructure2 and the free software QGIS3 was used to obtain the groups. Figure 1 presents 
the map with the control and treatment groups of municipalities, together with the federal 
highways analyzed. 
Figure 1- Map of the federal highway system in Brazil 

 
 

2 DNIT, federal agency attached to the Ministry of Transport, supplies the SNV (Sistema Nacional de Viação) 
shapefile, which contains the federal road network, divided by road sections and road surface status. This variable 
is divided in: Planned- a planning road and whose construction is in perspective; Natural Terrain - just an opened 
road, not conforming to construction regulations; Implemented- unpaved road; Paved Road; Double Road; 
Crossing - a river crossing with no bridge. The study considered all kinds of road surface status. 
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The data on the dependent variables were extracted from IBGE (Instituto Brasileiro de 
Geografia e Estatística) and CAGED (Cadastro Geral de Empregados e Desempregados). As 
independent variables, we included: the number of school enrollment; the population served 
with water coverage; the annual estimate of local service taxes (ISS – Imposto Sobre Serviços) 
and the region of the country. 

Enrollments in primary and high school education were collected from the website of 
the Instituto Nacional de Estudos e Pesquisas Educacionais Anísio Teixeira (INEP). It is 
believed that improving children's physical access to school allows for easier displacement. In 
addition, roads can change the returns to education, increasing the family's incentives to send 
children to school. Alternatively, this effect can occur due to a series of other channels, such 
as increased family income, relaxation of credit restrictions, or greater presence of the teacher 
in the school due to improved access (AGGARWAL, 2018). 

Another factor that may indicate whether there has been development is the collection 
of taxes. With the concession crossing the municipalities, the concessionaires will have to pay 
ISS in those locations. In this context, tax revenues can positively influence development, since 
the more taxes are collected, the more government officials can invest in improving the city. 
The data for this indicator were obtained by a technical note prepared by Santos, Motta & Faria 
(2020). 

Finally, the average water coverage, available on the website of the Ministry of 
Regional Development, was used as a measure of a key amenity that potentially favors 
agglomeration. 

Table 1 shows the descriptive statistics of all variables and Table 2 shows the 
descriptive results segregated into treatment and control groups. It is observed that except for 
the variable Employment Balance, the municipalities that participate in the Program have, on 
average, better results of the observed variables. 
Table1- Descriptive statistics of the municipalities analyzed 

Variables Observation Average Standard Deviation 

GDPs (dependent)    
Gross 24,750 12.22 1.42 
Per capita 24,750 9.37 0.76 
Agricultural 24,750 10.00 1.26 
Industry 24,750 9.97 1.94 

Service 24,750 11.18 1.54 

Formal employment (dependent)    
Employment balance 24,750 194.80 2434.14 

Controls    
Water coverage 24,750 9.75 1.09 

ISS collection 24,750 13.84 1.75 

Primary school 24,750 7.25 1.14 
High school 24,750 6.48 1.14 

 
Table 2- Descriptive statistics of the treated and control municipalities 

  Treatment (1) Control (2) Difference (t-test) 

Variável Average SD Average SD (1)-(2) 

Employment 
Balance 

188.354 [90.854] 195.476 [14.162] -7.122 

GDP Gross 13.334 [0.032] 12.1 [0.009] 1.235*** 

GDP Per capita 9.849 [0.015] 9.317 [0.005] 0.532*** 

GDP Agricultural 10.304 [0.031] 9.966 [0.008] 0.338*** 

GDP Industry 11.559 [0.042] 9.802 [0.012] 1.757*** 

GDP Service 12.394 [0.033] 11.055 [0.010] 1.338*** 
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Water coverage 10.386 [0.026] 9.684 [0.007] 0.702*** 

ISS collection 15.276 [0.035] 13.693 [0.011] 1.583*** 

Primary school 7.819 [0.026] 7.19 [0.007] 0.630*** 

High school 7.083 [0.027] 6.42 [0.007] 0.663*** 

Note: The value displayed for t-tests are the differences in the means across the groups. ***, **, and * indicate 
significance at the 1, 5, and 10 percent critical level. In square brackets are the standard deviations for each 
variable.	The sample consists of 2.365 observations in the treated and 22.385 in the controlled municipalities. 

 
5. Results 
5.1 Difference-in-differences 

Table 3 presents the estimates of the Two-way fixed effects model. All results for GDPs 
include fixed municipal and annual effects and have robust standard errors clustered at the 
municipal level. The employment balance variable results are based on the random effects 
estimator, since the Hausman test did not reject a specification of random effects. 

Columns (1), (2) and (4) include the covariates to control for observable differences 
between the treatment and control groups and column (3) does not. In all specifications, the 
main variable of interest was the introduction of the Concession Program on federal highways, 
represented by the variable )*+,-.."*+!". 

Allied to these findings, the CNT Highway Survey (2019) observed that the increase in 
road costs was unevenly distributed among the types of management of Brazilian highways. 
On highways under public, federal or state administration, the additional cost of transportation 
caused by pavement problems is, on average, 32.6%; while on the highways granted, it is, on 
average, 12.1%. This fact may suggest that the concession system is more advantageous for 
users and companies that use the modal. However, it should be noted that this model tends to 
work better in high flow stretches, where the return for the management companies is 
guaranteed. 

As can be seen in Table 3, the introduction of the federal concession on highways had 
a positive and statistically significant impact on all GDP variables for models without a linear 
trend. This finding is still robust with respect to different model specifications (with and 
without controls; and with and without the Propensity Score). However, the concession did not 
have a statistically significant effect on the formal employment balance variable in any of the 
models. 

Additionally, to allow for a more flexible model, the results presented in columns (4) 
of the GDP variables and (3) of employment balance relate to a specification with a linear 
trend, thus relaxing the assumption of common trends. This specification introduces a degree 
of non-parallel evolution in the outcomes between the municipalities in the absence of a 
treatment effect. Only the Service GDP variable was positive and statistically significant at the 
1% level. 

As previously mentioned, caveat to this methodology, since the two-way fixed effects 
don’t analyze the effects over time and does not consider the heterogeneity of effects between 
the groups. To get around the first problem, we carried out the event study that will be presented 
in the next subsection. 



 12 

Table 3- Results of the difference-in-differences model 

VARIABLE 
Ln GDP Gross Ln GDP Per Capita Ln GDP Agricultural 

(1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4) 
             

!"#$%&&'"#!". 0.364*** 0.343*** 0.583*** 0.00318 0.337*** 0.291*** 0.495*** -0.0117 0.216*** 0.203*** 0.358*** -0.00535 

 (0.020) (0.031) (0.017) (0.016) (0.023) (0.025) (0.019) (0.017) (0.028) (0.027) (0.026) (0.025) 

Municipal fixed effects  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Year fixed effects  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Controls Yes Yes No Yes Yes Yes No Yes Yes Yes No Yes 

Propensity score No Yes Yes No No Yes Yes No No Yes Yes No 

Municipal trends No No No Yes No No No Yes No No No Yes 

Observations 24,750 4,400 4,400 24,750 24,750 4,400 4,400 24,750 24,750 4,400 4,400 24,750 

R-squared 0.277 0.550 0.364 0.887 0.215 0.483 0.311 0.859 0.101 0.219 0.136 0.615 

Prob > chi2             

Total municipalities 2,250 2,250 2,250 2,250 2,250 2,250 2,250 2,250 2,250 2,250 2,250 2,250 

VARIABLE 
Ln GDP Industry Ln GDP Service Employment Balance 

(1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) 
            

!"#$%&&'"#!". 0.305*** 0.261*** 0.474*** 0.00830 0.369*** 0.323*** 0.465*** 0.0692*** -57.01 -37.81 -98.51 

 (0.031) (0.038) (0.031) (0.026) (0.020) (0.031) (0.019) (0.019) (113.900) (115.600) (151.8) 

Municipal fixed effects  Yes Yes Yes Yes Yes Yes Yes Yes No No No 

Year fixed effects  Yes Yes Yes Yes Yes Yes Yes Yes No No No 

Controls Yes Yes No Yes Yes Yes No Yes Yes No Yes 

Propensity score No Yes Yes No No Yes Yes No No No No 

Municipal trends No No No Yes No No No Yes No No Yes 

Observations 24,750 4,400 4,400 24,750 24,750 4,400 4,400 24,750 24,750 24,750 24,750 

R-squared 0.114 0.345 0.207 0.561 0.095 0.419 0.323 0.469    

Prob > chi2         0.5408 0.7436  

Total municipalities 2,250 2,250 2,250 2,250 2,250 2,250 2,250 2,250 2,250 2,250 2,250 

Note: In parentheses are the robust standard errors of the Concession variable in each model. The significance level consists of *** p <0.01, ** p <0.05, * p <0.1. The control 

variables used in the models were: water coverage, number of enrollments in primary school, number of enrollments in high school and ISS collection. 
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5.2 Study of Events 
Table 4 shows the results of the events study method for GDP Gross, GDP per capita and 

employment balance. In addition, point estimates and their 95% confidence intervals for the coefficients of 
interest are shown in Figure 2. The estimates for the pretreatment years are not significantly different from 
0. Therefore, the results of the event study provide support for the assumption of parallel trends, which is 
paramount to the difference-in-differences approach. However, the estimates for the GDP Service and GDP 
Industry variables suggested the breaking of parallel trends and therefore were not further elaborated in this 
section. 
Table 4- Results of the Events Study 

Variables (1) (2) (3) 
Ln Gross GDP Ln Per Capita GDP Employment Balance 

2 years before -0.0379 (0.0245) -0.0478 (0.0258) -374 (532.5) 
On date  0.0204 (0.0165) 0.0323 (0.0181) -376.5 (593.9) 
1 year after 0.00176 (0.0285) 0.0242 (0.0368) -113 (662.3) 
2 years after 0.0199 (0.0278) 0.0398 (0.0317) -909.1 (653.9) 
3 years after -0.0263 (0.0308) -0.0257 (0.0291) -702.9 (569) 
4 years after -0.0357 (0.0366) -0.0524 (0.038) -984.6 (1,096) 
5 years after 0.0462 (0.0346) 0.0465 (0.0356) -1,004 (997.7) 
6 years after 0.0941** (0.0382) 0.108*** (0.0405) -313.7 (648.4) 
7 years after 0.0586 (0.0365) 0.0795 (0.0412) -574.9 (565.8) 
8 years after 0.0256 (0.0241) 0.0411 (0.0273) -872.4 (599) 
Fixed Effects Yes  Yes  No  
Control Yes  Yes  Yes  
Propensity Score  Yes  Yes  Yes  
Observations 4,400  4,400  4,400  
R-squared 0.766  0.692  0.013  
Total Municipality 2,250  2,250    

Note: In parentheses are the robust standard errors of the Concession variable in each model. The significance level consists of 
*** p <0.01, ** p <0.05, * p <0.1. The control variables used in the models were: water coverage, number of enrollments in 
primary school, number of enrollments in high school and ISS collection. 
Figure 2- Event Study Charts 

 
Note: Dependent variables (1) Gross GDP (2) Per capita GDP (3) Employment Balance. The 95% confidence intervals are 
calculated using standard errors grouped at the municipal level. 

 
It is also observed that only after the sixth year of the beginning of federal concession, the variables 

!"#$% became statistically significant and positive, for the GDP variables. Six years after the concession, 
the municipalities with highways granted to the private sector obtained an increase of around 9.41% in the 
Gross GDP and of 10.8% in the per capita GDP compared to the municipalities in the control. These results 
are reasonable, because the longer a highway belongs to a concessionaire, the more duplication and 
recovery works can be done, reducing the cost of transportation and being able to attract more flow and 
development to the localities. Similar results were evidenced by Alves et al. (2020) when evaluating the 
average impact of the implementation of the Program on the performance of road safety on federal 
highways in Brazil. 

In the next subsection, results for the differences-in-differences model proposed by Callaway and 
Sant’Anna (2020) will be shown, which considers the heterogeneity of effects between the groups. 
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5.3 Difference-in-differences with staggered adoption 
Table 5 presents the results for the group-time average treatment effect for dependent variables GDP 

Gross, GDP Per Capita, GDP Service and Employment Balance for the model proposed by Callaway and 
Sant'Anna (2020). Point estimates of the effects are shown in Figure 3, along with a uniform 95% 
confidence band. All inference procedures use clustered bootstrapped standard errors at the municipality 
level, and account for the serial-correlation of the data. In addition, Figure 3 contains pre-treatment 
estimates that are used to test the assumption of parallel trends. It is observed that there was no break in the 
parallel trends for these variables. However, the same was not true for GDP Agricultural and GDP 
Industrial, and therefore these outcomes are not further discussed in this section. 
 
Table 5- Estimate of the effect of the aggregated treatment of the Concession  

Gross GDP  
  Partially Aggregated   Single Parameters  

Simple Weighted Average  
    0.0306 
    (0.02) 

Group-Specific Effects   

2008 2009 2013 2014  
0.0811* -0.0049 -0.2293* -0.0046 0.0109 
0.027 0.0653 0.0979 0.0162 0.0179 

Events Study  

e=0 e=4 e=5 e=6  
-0.0075 0.0448 0.0967* 0.099* 0.0381 
0.0087 0.0392 0.0336 0.034 (0.0226) 

Events Study w/ Balanced 
Groups   

e=0 e=1 e=2 e=4  
-0.0059 -0.0106 0.0072 0.0296  
0.0084 0.009 0.0105 0.0217  

Per Capita GDP  
  Partially Aggregated   Single Parameters 
Simple Weighted Average      -0.0077 

     (0.0218) 
Group-Specific Effects   2008 2009 2013 2014  

 0.0273 -0.0308 -0.2797* -0.0127 -0.0199 
 0.0294 0.0805 0.1006 0.0174 0.0196 

Events Study  e=0 e=4 e=5 e=6  
 -0.0134 -0.0122 0.0394 0.0389 -0.0073 
 0.0085 0.038 0.0356 0.036 0.0256 

Events Study w/ Balanced 
Groups   e=0 e=1 e=2 e=4   -0.0134 -0.0219* -0.0106 -0.008  

 0.0086 0.0097 0.0118 0.0257  
 Employment Balance 

  Partially Aggregated   Single Parameters 
Simple Weighted Average      -136.371 

     (500.697) 
Group-Specific Effects   2008 2009 2013 2014  

 -105.5944 199.3286 2744.6388   1082.3035 -256.4624 
 249.8692 377.3704 1494.8603 2002.1583 858.2828 

Events Study  e=0 e=4 e=5 e=6  
 -106.725 -1002.6818 -36.7875 120.3872 -117.936 
 862.853 1675.8899 85.2275 113.0523 342.74 

Events Study w/ Balanced 
Groups   e=0 e=1 e=2 e=4  

 -106.7249 28.0291 -69.4507 253.4718  
 874.645 867.4394 841.6137 371.6933  

GDP Service 
  Partially Aggregated   Single Parameters 
Simple Weighted Average      0.0918* 

      0.0238 
Group-Specific Effects   2008 2009 2013 2014  

 0.137* 0.1056 -0.0818      0.0181 0.0666* 
 0.0379 0.0658 0.0808 0.0169 0.018 

Events Study  e=0 e=4 e=5 e=6  
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 -0.0004 0.1432* 0.1614* 0.175* 0.105* 
 0.0071 0.0431 0.0455 0.0428 0.0273 

Events Study w/ Balanced 
Groups    e=1 e=2 e=4  

  0.0187 0.0467* 0.0984*  
    0.01 0.0127 0.0267   

Notes: The table reports aggregated treatment effect parameters under the conditional parallel trend assumptions and with 
clustering at the municipality level. The row ‘Simple Weighted Average’ reports the weighted average (by group size) of all 
available group-time average treatment effects. The row ‘Group-Specific Effects’ summarizes average treatment effects by the 
timing of the of signing the concession contract; here, g indexes the year that a municipality is first treated. The row ‘Event 
Study’ reports average treatment effects by the length of exposure to the duration of the exposure to the Concession; here, e 
indexes the length of exposure to the treatment. The row ‘Event Study w/ Balanced Groups’ reports average treatment effects 
by length of exposure using a fixed set of groups at all lengths of exposure; here, e indexes the length of exposure and the sample 
consists of municipalities that have at least two years of exposure to the Concession. The column ‘Single Parameters’ represents 
a further aggregation of each type of parameter, as discussed in the text. The estimates use the doubly robust estimator discussed 
in the text. The control variables used in the models were: water coverage, number of enrollments in primary school, number of 
enrollments in high school and region of the country. 

 
Estimates of the group-time average treatment effect provided support for the view that the 

concession of federal highways led to an increase in the regional development of the contemplated 
municipalities, when analyzing the GDP data, yet no impacts were observed on the balance of employment. 
The result of the simple average (weighted only by group size) is a 9.18% effect in the GDP Service. 

There is also a specific effect per treatment group. For the municipalities that were contemplated 
by the Program in 2008 (there were seven concessions in that year), it is estimated that the GDP Service is 
13.7% higher. The average effect for all four initial date groups is an increase of about 6.67%.  
 
Figure 3- Estimate of the effect of the aggregated treatment of the Concession 
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Notes: The effect of the Concession on regional development estimated under the conditional parallel trends assumption (Panel 
(a) Gross GDP; Panel (b) Per Capita GDP; Panel (c) Employment Balance; Panel (d) GDP Service). Red lines give point 
estimates and uniform 95% confidence bands for pre-treatment periods allowing for clustering at the municipality level. Under 
the null hypothesis of the parallel trends assumption holding in all periods, these should be equal to 0. Blue lines provide point 
estimates and uniform 95% confidence bands for the treatment effect of the Program treatment allowing for grouping at the 
municipality level. The top row includes states that increased their minimum wage in 2004, the middle row includes 
municipalities that were covered by highways granted to private initiative in 2008, the following line includes municipalities 
covered by the Program in 2009, the third line belongs to the municipalities that were treated for the first time in 2013 and the 
lower line includes the treated municipalities. in 2014. The estimates in Panels use the doubly robust estimator discussed in the 
text.  

 
When analyzing the dynamic effect, it is observed that those who spent more time in the treatment 

obtained a higher return and, on average, the effect was a 10.5% raise in the GDP Service. Once again, it 
seems that it takes time for the concession to develop improvements on the roads and to boost development 
in municipalities crossed by those same roads. 

Regarding the outcome GDP Gross, there was a significant specific effect of the Group for the year 
2008. This was positive and, on average, the municipalities that contained federal highways participating 
in the Program had an increase in Gross GDP of about 8.11%. For the model with the per capita GDP 
variable, the only significant effect was for the group that was treated for the first time in 2013. This result 
was negative and showed that, on average, the municipalities that had federal road concessions in 2013 had 
a reduction of 27.97% on their GDP per capita. 

This negative result may be driven by the economic and political crisis in Brazil, starting in 2014, 
which led to a sharp reduction in the flow of vehicles on the highways (CNT, 2019). This frustrated, mainly, 
the demand parameters of the third stage concession projects (implemented between 2013 and 2015). It 
should also be noted that one of these concessions was terminated based on an ANTT recommendation 
published in June 2017. The company Galvão Engenharia SA, which won the 625 km bid for the BR-153, 
was investigated in the Lava-Jato operation, which prevented the company from obtaining financing from 
the Brazilian Development Bank (BNDES) necessary to carry out works on the road. 
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Five highways belonging to the third stage of the Program (BR-101 / ES / BA; BR-060/153/262 / 
DF / GO / MG; BR-163 / MS; BR-163 / MT; BR- 040 / DF / GO / MG) faced financial problems, due to 
the economic crisis and the requirements of works foreseen in the notice, such as the duplication of the 
entire stretch granted within five years. 

According to ANTT's Director-General, Mário Rodrigues Júnior, during a hearing at the Senate 
Infrastructure Services Commission, none of these concessionaires paid the investments that should have 
been made (SENADO, 2019). The Director also affirmed that in case the government decides to auction 
again these concessions or decides to terminate these contracts, the State will have to pay R $ 5.8 billion in 
compensation to the concessionaires. 

A similar panorama was evidenced by Ortega et al. (2016) in Spain. The authors pointed out that 
the concessions performed well in Spain until the arrival of the economic crisis. The 2008 crisis impacted 
the performance of the transport infrastructure concession business in two ways. First, concessions faced a 
substantial reduction in actual traffic revenues with respect to expected levels. Secondly, there was a 
substantial increase in requirements for financial institutions to grant loans. The crisis that occurred in Spain 
also had negative consequences for the government, as well as in Brazil, because the eventual bankruptcy 
of the concession contracts forced the government to recover the assets and find new ways to manage and 
operate the roads. 

Based on this panorama, it seems that the success of concessions depends on the growth of the 
economy and a well-developed planning process. If the medium- and long-term perspective for the country 
is of low growth, the expectations of the flow of vehicles on the highways decrease, decreasing the 
attractiveness of the projects and, therefore, the interest of the private investors. 
6. Conclusion 

This article estimated the effect of the Federal Highway Concession Program on regional economic 
performance. The results showed that the introduction of the Program on the highways, with the objectives 
of reducing public costs and ensuring the quality of the road corridors, had a positive effect on the GDP of 
the municipalities crossed by these highways. However, the effects are different depending on the time of 
exposure to treatment and when the concessions were implemented. The concessions of the second stage 
had positive effects, while the locations crossed by the concession of the third stage had negative results, 
accentuated by the economic crisis of 2014. 

These results condition the success of concessions to the health of the economic environment. If the 
medium- and long-term outlook for the country is low growth, they reduce expectations for the flow of 
vehicles on the highways, weakening the attractiveness of the projects. 

In this context, these events allow us to list some lessons to improve the performance of these 
contracts in the future. Among the highlighted lessons are that a good planning process is a crucial factor 
for the success of the concessions. Planning that meets economic and social needs would avoid an excessive 
detachment between the expected and actual demand parameters, as happened with the third stage projects, 
which consequently would reduce the risks for the public and private sector. 

Another lesson is that the risk allocation approach in concession contracts does not seem to be the 
most appropriate. On the one hand, risks that are difficult to manage are initially allocated to the private 
sector. On the other hand, the numerous renegotiations of concessions can cause many risks to be paid by 
society. 

An understanding of the effects of spillover to locations close to the highways granted to the private 
sector are left for future research, as well as the effects on large metropolitan areas that were excluded from 
the data to avoid the endogeneity problem, but that are economically important for the country. 
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