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ABSTRACT 

 

 

This dissertation examines the causal effects of transportation infrastructure expansion on 

female labor market outcomes using the case study of the 2014 World Cup in Rio de Janeiro 

and the 2016 Olympics. We utilize an employer-employee dataset from RAIS, spanning from 

2010 to 2018, to analyze changes in employment, unemployment, employer-initiated 

dismissals, employee-initiated resignations, mutual agreement terminations, weekly hours 

worked, and weekly wages in firms located near transportation stations. Employing a dynamic 

differences-in-differences design, we find a substantial increase of 1.86% in female 

employment in firms located within 2 km of transportation stations post-expansion, with 

highly skilled women experiencing a larger increase of 2.65%. Despite this posit ive effect on 

female employment, the transportation expansion policy does not mitigate employee-initiated 

separations or mutual agreement terminations, suggesting that additional factors influence 

women's long-term job tenure. 

 

Keywords: Transportation Policy; Labor Market Outcomes; Gender



 
RESUMO 

 

 
Essa dissertação examina os efeitos causais da expansão da infraestrutura de transporte nos 

resultados do mercado de trabalho feminino usando o estudo de caso da Copa do Mundo de 

2014 no Rio de Janeiro e dos Jogos Olímpicos de 2016. Utilizamos um conjunto de dados 

empregador-empregado da RAIS, entre 2010 e 2018, para analisar mudanças nas variáveis de 

emprego, desemprego, demissão por iniciativa do empregador, demissão por iniciativa do 

trabalhador, demissão por acordo, horas semanais trabalhadas e salário semanal em empresas 

localizadas próximas às estações de transporte. Empregando um design dinâmico de 

diferenças em diferenças, encontramos um aumento substancial de 1,86% no emprego 

feminino em empresas localizadas a até 2 km das estações de transporte após a expansão, 

sendo que mulheres altamente qualificadas experimentaram um aumento maior de 2,65%. 

Apesar desse efeito positivo sobre o emprego feminino, a política de expansão do transporte 

não mitiga as separações por iniciativa do trabalhador nem por acordo entre trabalhadores e 

empregados, sugerindo que existem fatores adicionais que influenciam a permanência de 

mulheres no emprego a longo prazo. 

 

Palavras-chave: Política de Transporte; Resultados do Mercado de Trabalho; Gênero
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1. INTRODUCTION  

Improvements in transportation infrastructure expansion can have a substantial ef-fect on 

labor market, generating greater accessibility to jobs opportunities (FAN, GUTHRIE AND 

LEVINSON (2012); MARTINEZ et. al, 2018; BÜTIKOFER et. al, 2020), agglomeration 

gains (OVERMAN; PUGA, 2010; AHLFELDT; FEDDERSEN, 2018), and reducing the 

negative impacts of spatial mismatch (PATACCHINI;ZENOU, 2005). However, worker 

groups tend to benefit differently from these improvements. In the case of women, recent 

literature shows that women’s labor market outcomes tend to be more impacted by 

improvements in transportation infrastructure, both on the supply side - where 

transportation infrastructure plays the role of promoting greater permanence and also 

greater participation of women in the labor market (MARTINEZ et. al, 2020; LEI; DESAI 

;VANNEMAN, 2019;) In addition, on the demand side, where there is evidence that the 

arrival of transportation generates a local increase in the provision of labor-intensive female 

jobs (KWON, 2022). 

As a result of being the most responsible for performing unpaid care work and due to 

their lower bargaining power in the housing market - where the choice of place of 

residence seems to be driven more by the professional possibilities of men (husbands) 

than the employment possibilities of women (wives) (MADDEN, 1981; WHITE, 1986) 

-, labor costs for women are greater than men, which tends to limit their job search 

horizon (FLUCHTMANN et. al, 2020). Furthermore, women are more likely to search 

for jobs that are more flexible (BERTRAND; GOLDIN; KATZ, 2010; GOLDIN, 2014) 

and have shorter commute times (BLACK et. al, 2014), especially married women with 

young children (LE BARBANCHON et. al, 2019) and less-educated women 

(CALDWELL; DANIELI, 2018). Moreover, poor safety during daily commuting seems 

to be a determining factor in women’s participation in the labor market, especially in 

developing countries, where female participation can be affected by up to 15.5% as a 

result of lack of access to safe public transportation (ILO, 2017).  

Given the potential solutions to the limitations to labor market participation that 

women face, transportation policy can play an important role in this issue. Improve- 

ments in transportation infrastructure tend to decrease the daily commute time to work, 

which can therefore be an important element in reducing the cost of female labor supply1. 

                                                   
1 BLACK et. al (2014) uses labor supply theory to argue the cost of commuting in a two-person family model 
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In contrast, with poor public transportation infrastructure, commuting time tends to be 

higher, which in a household dynamic can induce the partner (traditionally the wife) to 

leave the labor force while inducing the other partner (the husband) to increase the 

amount of hours worked (BLACK et. al, 2014; FARRE; JOFRE-MONSENY; 

TORRECILLAS, 2020). 

Besides the influence of transportation on the reduction of daily commuting time, 

improvements in the connectivity and safety of the public transportation system can also 

have positive effects on labor outcomes. Evidence shows that women make labor market 

participation decisions also based on their perceived risk of experiencing violence in 

public spaces (JAYACHANDRAN, 2020). In this context, expansion of high-capacity 

transportation that offers safer bus stops (spaces with increased lighting, camera systems, 

and personal security) compared to conventional buses and informal transportation, can 

lower women’s perception of risk, encouraging them to engage in the labor market 

(MARTINEZ et. al, 2020; SEKI; YAMADA, 2020). 

This paper seeks to document the short-run effects of transportation infrastructure 

improvements on women’s labor market outcomes. In particular, we use as a case study 

the transportation expansion triggered by the 2014 World Cup and the 2016 Olympic 

Games in Rio de Janeiro, Brazil, to quantify causal effects of infrastructure policy. Given 

that these transportation infrastructure improvements have increased cessibility by 

connecting several areas of the city that previously lacked high-capacity transportation 

infrastructure, thereby reducing average commute times2, our main ob- jective is to assess 

the impact of this transit shock as a natural experiment on the female labor market.

                                                                                                                                                               
(husband and wife). In this case, increases in commuting time generate more labor supply costs, which can 
induce one of the partners (traditionally the wife) to leave the workforce and induce 
2 Campos (2019) showed that in the absence of the infrastructure expansion investments the average commuting 
time within the city might increase by 45 minutes. 
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To generate these estimations, we utilize an employer-employee dataset encompassing 

comprehensive details regarding all formal sector workers. This dataset offers insights into 

both labor demand and supply concurrently, enabling us to examine two key aspects: (a) 

the dynamics of employment, resignations, terminations and unemployment by mutual 

agreement3, and (b) information at dual levels - company specifics (such as economic 

sector and company size) and individual worker attributes (gender, race, education). By 

geo-coding the precise location of both establishments and transportation stations and 

calculating distances between those coordinates, we are able to define a measure of firms 

and employees’ exposure to stations based on geographic proximity. Then, using a dynamic 

difference- in-differences design we are able to explore variation in the location and timing 

of each station’s inauguration and compare female labor market changes over time between 

firms located near the stations and far from stations.     

 In addition to comparing labor market outcomes for women in firms close to 

transport stations compared to those located a distance away from these stations, we 

introduced heterogeneities to assess the validity of our conclusions in relation to women. 

To achieve this, we split women's labor market outcomes into subsamples, taking into 

account differences in educational background and racial attributes. 

Due to the power of transport policies to promote spatial reorganization by 

encouraging the self-selection of firms to treated areas as a result of lower commuting costs 

and agglomeration gains, we also need to deal with possible endogeneity in our estimates. To 

this end, we restricted our panel to contain only firms that were already operating and 

remained at the same address before and after the expansion of transportation infrastructure. 

Thus, in addition to avoiding the inclusion of firms that opened after the expansion of 

transportation in our estimates, we are removing firms that moved to locations close to 

transportation stations from our sample. 

    This paper presents two remarkable results. Firstly, it reveals a substantial increase in 

the total number of women employed within a 2 km radius of transport stations. After the 

expansion of the transport network, there was a significant increase of 1.86% in the 

                                                   
3 The terms "terminations" and "resignations" are commonly employed to delineate the motivations behind 
professional disengagement. "terminations" pertain to the involuntary separation of an employee from their 
position, often instigated by the employer due to factors such as performance issues, restructuring, or 
downsizing. Conversely, "resignations" signify the voluntary act of an employee departing from their job role by 
personal choice, typically driven by personal or professional reasons, and initiated by the employee themselves 
and "unemployment by mutual agreement " refers to a situation in which both parties, typically an employer and 
an employee, come to a shared agreement to end the employment relationship. 
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number of women employed by firms located near the stations, compared to those located 

further away. In addition, further analysis of the impact of transport on distinct subgroups 

of women, categorized according to their educational background and racial attributes, 

revealed a more pronounced effect on the subset of high skilled women who work closer 

to stations. Specifically, a notable increase of 2.65% in the total of high skilled women 

employed by firms located closer to transport stations, in contrast to the corresponding 

results for high skilled women employed in more distant firms. 

The second result concerns resignations and terminations by mutual agreement. Our 

observations indicate a consistent upward trajectory in the total number of women who 

voluntarily quit their jobs in the areas treated before the implementation of transport. 

Interestingly, our results show that even after the introduction of transport in these 

regions, the propensity of women to voluntarily leave their jobs remains, which suggests 

that the policy of expanding transport has failed to reverse this phenomenon. On the other 

hand, there has also been an increase in women leaving jobs through mutual agreements. 

These two results underline that the transportation policy was effective in increasing 

the total number of women employed during the period of transport expansion. However, 

it seems insufficient to maintain their employment for prolonged periods in these regions, 

due to the costs women face to remain in the labor market. Furthermore, when analyzing 

the results related to terminations -  dismissals initiated by the employer - we found no 

positive effects, further reinforcing the argument that this dismissal effect is 

predominantly driven by women's individual decisions. 

Taken together, these results highlights that transportation policy can be effective in 

increasing the total number of women employed in areas adjacent to transport stations. 

However, it may be insufficient to mantain their employment for long periods, 

considering the presence of additional costs, in addition to commuting time, which have a 

significant influence on women's decision to participate in the labor force. 

By addressing the issue of gender and the labor market, this paper contributes to a 

growing literature that investigates the costs of women's labor supply (BERTRAND; 

GOLDIN; KATZ, 2010; BERTRAND, 2011; GOLDIN, 2011; OLIVETTI; 

PETRONGOLO, 2016; KLEVEN ET. AL, 2018), specifically studies that investigate the 

cost of commuting (BLACK et. al, 2014; LE BARBANCHON et. al, 2019; 

FLUCHTMAN et. al, 2020) 

Our paper also contributes to the literature that assesses the effects of transportation on 

the labor market (HEUERMANN; SCHMIEDER, 2018; TSIVANIDIS, 2018; CAMPOS, 
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2019; MARTINEZ et. al, 2020; ZARÁTE, 2019), especially the effects of transport 

expansion and improvements on the female labor market (MARTINEZ et. al, 2020; 

KWON, 2022). In addition to confirming some previous findings, such as the significant 

effect for women in the labor market through transport policy, we contribute to this 

literature in the following ways. 

First, contrasting to other papers where post-transport expansion labor market outcomes 

are analyzed for women residing in the area of influence of the improved infrastructure, 

especially with regard to the greater likelihood of women residing in these regions being 

employed after the arrival of transport stations (MARTINEZ et. al, 2020), we estimate 

transportation effects through women’s labor market outcomes in firms that are in 

transportation regions. This empirical approach allowed us to investigate the influence of 

transport policy on business regions and effectively address self-selection bias. Our sample 

exclusively includes firms that already operated in the treated areas before the announcement 

of the implementation of the transport station, which allows us to mitigate possible biases. 

Secondly, in addition to examining how transport policy can effectively increase the 

overall number of women employed in firms located near transport stations, we also 

explored the patterns of women leaving their jobs after the expansion of transportation 

networks. This approach allows us to determine whether the reasons behind job terminations 

originate from employers or employees, a factor of particular importance when considering 

women's labor market costs.  

The paper is organized as follows. In section 2, we provide an institutional context of Rio 

de Janeiro and the transport expansion policy. In Sections 3 and 4, we present, respectively, 

database, the proximity metric between firms and transportation stations, and the empirical 

strategy for estimating the causal effect of transportation policy on women's labor market 

outcomes. The results are presented in Section 5, along with the robustness tests. Our final 

remarks are in Section 6.  

 

 

2. INSTITUTIONAL CONTEXT 

2.1 Rio de Janeiro City 

 
With more than 6 million inhabitants, the city of Rio de Janeiro is home to more than 

40% of the state’s population. Characterized as the second most populous city in the 

country, Rio is part of the Brazilian metropolitan area with the highest urbanization rate 
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where about 99.3% of the population lives in urban areas. (IBGE, 2022). 

 
 

 

 

 

Note:  The figure shows the spatial distribution of firms across neighborhoods in 2009, one 

year before the announcement of Rio’s transportation infrastructure expansion. Highlited are 

neighborhoods within the West Zone that exhibit a heightened concentration of business: Campo Grande, 

Jacarepaguá and Barra da Tijuca. Meanwhile, in the South Zone, the neighborhoods boasting the most 

pronounced business density include Botafogo, Copacabana and Ipanema. Data is from Rais  2009  

and  the  shapefile  of  the  neighborhoods  is  from  Instituto  Pereira  Passos. 

 

Regarding firm density, prior to the expasion of transportation infrastructure, business 

concentration primarily existed in two areas. Firstly, in the Central Business District 

region and the neighborhoods of the South Zone, where approximately 35% of the city`s 

firms were situated. Secondly, in the West Zone neighborhoods, where business 

concentration reached 24% (See Figure 1). 

 

 

 
2.2 Transportation infrastructure in Rio de Janeiro 

 
Selected as the host city for both 2014 World Cup and 2016 Olympic Games, Rio de 

Janeiro invested more than $4.5 billion in its public transportation system between 2012 and 

2016. These initiatives mainly included the extension of a metro line, the construction of 

Figure 1: Business Density 



15  

 

a light rail transit (LRT) system and three BRT (Bus Rapid Transit) corridors stretching 

approximately 122 kilometers (CAMPOS, 2019). 

Planning for the expansion of the municipal public transport system achieved two main 

objectives. First, it aimed to improve public transport accessibility in the Olympic zones 

(Deodoro, Barra, Copacabana, Maracanã and the port area). Second, the public transport 

system improvement plan aimed to provide a transportation infrastructure legacy for the 

city of Rio de Janeiro (CAMPOS, 2019). 

Figures 2 describe the evolution of the transportation network. In 2006, before being 

chosen as the host city for the Olympic Games and the World Cup, Rio had 36 train 

stations1 and 32 subway stations.  

The railway lines aim to connect different areas of the Rio de Janeiro Metropolitan 

Region to the central business area. On the other hand, the metro stations are concentrated 

only in the city of Rio de Janeiro and connect zones of the city to the central business area 

and to coastal locations. Between 2006 and 2010 three subway stations were inaugurated, 

but since construction of these stations began in the 1980s, they cannot be considered part 

of the expansion of transport infrastructure triggered by World Cup and Olympics. 

In 2010, Rio de Janeiro was elected as host city for the 2016 Olympic Games. Between 

2012 and 2016, directly linked to the Olympic Games infrastructure expansion plan, 135 

BRT stations distributed in three corridors were inaugurated: BRT Transoeste (2012), 

BRT Transcarioca (2014) and BRT Transolímpica (2016). 
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(a) Transportation infrastructure (2010) 

 

(a) Transportation infrastructure (2018) 
 

Note: The figure shows the distribution of transport stations before and after the policy expansion 

of the transport infrastructure.  Black and gray symbols represent the infrastruc- ture that 

already existed before 2016 Olympics.  Symbols in the other colors represent trans portation 

infrastructure that was created between 2012 and 2018, triggered by 2014 World Cup and 2016 

Olympics. Data is from Rais 2009 and stations’ shapefile is from Instituto Municipal Pereira Passos. 

 

In addition to the construction of the BRT corridors, in 2016, the subway line 4 was 

inaugurated. The line is composed of five stations and connects the southern zone 

neighborhoods to Barra da Tijuca. On the other hand, the LRT construction, which began 

in 2014 and was completed between 2016 and 20172, aims to connect the port 

neighborhoods of Rio’s central business area. 

 
 
1The metropolitan region of Rio de Janeiro has 104 train stations in total, but as we are considering only the city of Rio, the 
number drops to 36 ²The LRT system consists in two lines: first was inaugurated at the beginning of the Olympic Games in 
Rio (2016) and the other line in 2017.

Figure 2: Transportation Infrastructure and Business Density 
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3 DATA AND DESCRIPTIVE STATISTICS 

3.1 Transportation Stations Data 

 

Transport stations data came from Instituto Pereira Passos (IPP). For each station, we 

were able to obtain information regarding the inauguration date, transportation line it 

belongs to, if it has a connection to other stations of other modes of transportation, and the 

most important: the geographical coordinates that provide us the exact location of each 

station. 

 
3.2 Employer-Employee Data 

 
Our employer-employee data came from from RAIS (Annual Social Information 

Report). One of the main objectives of RAIS is to provide statistics regarding the Brazilian 

formal labor market, containing a set of variables on both firm and worker character- 

istics. 

At the employee level, the data includes demographics such as gender, ethnicity and 

education. In addition, the data includes detailed information about the individual’s work: 

occupation, type of work contract, duration, wage, and hours worked - RAIS also 

contains data on the exact date when the employee started and stopped work- ing at a 

particular establishment, as well as information regarding the initiative for termination 

(by employee or employer). This information, combined with the unique identifiers of 

employees and establishments, allows us to study the labor flow of workers. 

Finally, the data includes establishment level information, including the type of 

economic activity,  information on the legal nature, total employees of the firm, and whether 

the firm is still active and the date of closure. In    addition, we also have information on the 

adress of these establishments, which allows us to geo-reference this information in order to 

calculate our measure of exposure to transport stations.
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3.3 Exposure to transportation station 

 

To calculate the exposure to transportation stations, we geo-coded the location of each 

transportation station and firms and then calculate the Euclidean distance between these 

two points. In our primary specification, we classify firms as exposed if they were 

situated between up to 2km from a transportation infrastructure. 

The empirical justification for selecting this exposure to transportation stations is 

rooted on the fact that after 2km, the coefficients of the estimates drops consistently. This 

patterns is observed by the findings of the robustness tests presents in Additional Results 

Section. Nonetheless, in order to prevent any potential spillover effects on the control 

group, we choose to exclude from sample firms located beyond 2km and up to 3km from 

transportation stations.   

This exposure measure is linked to the work of CAMPOS (2019), who studies the 

effect of transportation expansion in Rio de Janeiro on the increase in economic activity 

around transportation stations. CAMPOS (2019) finds positive and significant effects on 

total firms opened and total employees hired within 2km of stations. 

 

3.4 Sample Selection 

 

Given the issue of spatial reorganization promoted by transportation expansion and the 

possible self-selection of firms to be in locations near new stations, which could lead to 

firms in the control group becoming part of the treatment group, we restricted our 

estimation sample to only those firms that existed before the opening of the trans- 

portation stations and remained at the same address from 2010 to 2018. In this way, we 

were able to analyze labor market outcomes over six years after the first stations opened, 

using a balanced panel. In addition, we restricted the employer-employee data for the 

years 2009 to 2018 (i.e., from three years before and six years after the opening of the first 

stations).   
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Our second restriction is with respect to the age range of workers. Since our main 

objective is to estimate the heterogeneous effects of the transportation expansion be- 

tween men and women, we restrict our sample to workers between the ages of 18 and 

40. Thus, we investigate the effects of transportation taking into account the reproduc- tive 

age group of women.1 

In total, my sample contains 23,471 firms, being 14,370 treated firms and 9,101 in 

control group. Figure 3 shows the total number of firms treated and the total number of 

lines and transport stations inaugurated per year. Before 2012, no lines or trans- port 

stations had been inaugurated. Between 2012 and 2013, the BRT line called BRT 

Transoeste is inaugurated with 43 stations and the total number of treated firms was 

8,410. In 2014, with the arrival of the BRT Transcarioca and subway line 4, 58 more BRT 

stations were inaugurated in addition to 1 subway station, for a total of 12,545 treated 

firms. In 2016, with the arrival of the BRT Transolímpica, 25 more BRT stations were 

inaugurated, in addition to 4 more subway stations. Finally, the inauguration of LRT lines 

1 and 2 provided 15 more stations. In 2018, the total number of firms treated was 14,370. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Specification proposed by Kleven et. al (2018) where female reproductive age is used to estimate the effect of a 

child on the labor market outcomes of women relative to men 
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Note:  The figure shows the distribution of treated firms by year.  In addition, it pro- vides 

information regarding the transport lines and the total number of stations inaugurated in each year.  

Data is from Rais and the transport information is from Instituto Pereira Passos. 

 

Table 1 presents descriptive statistics for both groups - treatment and control. Treated 

firms, on average, have 14 employees, a similar average to the control firms. Averages for 

total separation, separation by employer, separation by employee, and separation by 

agreement are also similar in both groups. On average, 66% of the workers are men and 

60% are white. More than half of the employees in my sample have completed high 

school or college as their highest level of education. Firms and employees in treatment 

and control group have similar characteristics, which suggests that firms and employees 

working in establishments within 2km of the stations is an effective control group. 

Figure 3: Total of Firms Treated 
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Table 1: Descriptive Statistics - Treatment and Control 

 
 

Treatment (<=2km) Control (>2km) 

 
 Obs Mean Std. Dev. Obs Mean Std. Dev. 

 
Main Variables 

      

Employees 14.226 14.43 28.18 9.063 13.19 24.64 

Separation 14.226 6.15 11.36 9.063 6.00 10.61 

By employer’s initiative 14.226 2.80 4.23 9.063 2.67 3.99 

By employee’s initiative 14.226 1.29 2.65 9.063 1.31 2.63 

By agreement 14.226 0.43 1.17 9.063 0.48 1.27 

Weekly working hours 14.226 42.8 3.78 9.063 42.55 4.45 

Weekly wage (R$) 
 
Workers’ characteristics 

14.226 270.56 180.22 9.063 269.85 179.40 

Gender (=1 if women) 14.226 0.44 0.33 9.063 0.44 0.34 

Racial minority 14.226 0.38 0.33 9.063 0.40 0.34 

High skilled (= 1 if high school or college) 
 
Firms’ characteristics 

14.226 0.57 0.37 9.063 0.57 0.37 

Transformation Industry 14.226 0.07 0.27 9.063 0.07 0.26 

Trade 14.226 0.45 0.49 9.063 0.44 0.49 

Service 14.226 0.13 0.34 9.063 0.10 0.29 

Construction 14.226 0.03 0.17 9.063 0.02 0.14 

Others sectors 
 
Firms’ sizes 

14.226 0.32 0.23 9.063 0.37 0.29 

up to 5 employees 14.226 0.42 0.49 9.063 0.44 0.49 

more than 5 to 10 employees 14.226 0.25 0.43 9.063 0.25 0.43 

more than 5 to 10 employees 14.226 0.13 0.11 9.063 0.11 0.10 

more than 10 to 15 employees 14.226 0.12 0.09 9.063 0.13 0.12 

20 or more employees 14.226 0.08 0.11 9.063 0.07 0.05 
 

Note: This table provides summary statistics for the sample of firms, disaggregated by those that were 
near/far from a transportation station before 2012. In columns (1), (2) and (3) we have the results for 
treatment, while in columns (4), (5) and (6) results are for control. We classified racial minority for em- 
ployees who are black, asian or indigenous. Data frequency is yearly. 
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4 EMPIRICAL STRATEGY 

 

To identify the causal impacts of transportation infrastructure expansion on women’s 

labor market outcomes, we exploit the variation in the timing of treatment using the 

difference- in-differences (DD) estimator. If women`s labor market outcomes begin to differ 

between regions affected by the new transport infrastructure and those who did not, then we 

can link this change in trend to transport infrastructure policy. 

Our empirical strategy assumes that treated units (firms in locations near transporta- tion 

infrastructure) and untreated units (firms in locations far from transportation in- 

frastructure) had parallel trends before treatment with respect to a given outcome Y. This 

allows us to estimate the causal effect of the inaguration of transportation infras- tructure 

on variable Y, considering the following specification: 

 
 
 

Yi,t = α + Datet + Firmi + βXi,t + 
k=rmax 

∑ 
k=rmin 

γk1(ti = t 
 

+ k) + ϵit                      (4.1) 
     

 

Where Yi,t denotes the outcome of interest (i.e, total of employees) for firm in the date t. 

Datet denotes date fixed effects which captures common shocks to firms in date t; Firmi 

denotes date fixed effects which captures common shocks to firms in date t; Firmi denotes 

fixed effects which captures the firm’s characteristics invariant in the period; Xi,t is a 

vector of control variables; 1(ti = t∗ + k) are dummies equal 1 if firm i was within 2km of 

a transport station while t∗ is the treatment year; and ϵit denotes the error term. 

The coefficients of interests are γk, which represents the effect of opening 

transportation stations  on date t*  on outcomes, given by the difference between control and 

treated, k year later treatmet  (or previously, for k < 0). These effects are measured relative 

the year before the event (k = -1), because we expect responses to begin in the year of the 

inauguration of the transport stations,t∗ (HOYNES; SCHANZENBACH, 2012). 

∗ 
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In terms of the choice of controls, most of the firm-level variables could be impacted by 

the arrival of the transport station, which makes them for bad controls (ANGRIST; 

PISCHKE, 2009). So, we decided to control for interactions of ther baselines values with 

time dummies, instead of directly controlling for their contemporaneous values 

(CHIMELI; SOARES, 2017). The variables used on baseline are the following: firm size 

(number of employees), economic activity sector and subdstrict. 

To assess the average impact after the arrival of the transport station, we estimate the 

follow equation using difference-in-difference model: 

Yi,t = α + Datet + Firmi + βXi,t + σPost_Transportationit + ϵit                        (4.2) 

 
Where Yi,t denotes the outcome of interest (i.e, total of employees) for firm in the date 

t. Datet denotes date fixed effects which captures common shocks to firms in date t; Firmi 

denotes date fixed effects which captures common shocks to firms in date t; Firmi denotes 

fixed effects which captures the firm’s characteristics invariant in the period; Xi,t is a 

vector of control variables; Post_Transportationit is a dummy equals 1 if the firm is 

within 2km of the station on date t and ϵit denotes the error term. The coefficient of 

interest is σ, which capture the average effect of transportation. 

The models are estimated using weighted least squares. We weight for total of work- ers 

in the firm in the baseline (first year in the data). The goal is to approximate the average 

partial effect for the whole population in the potential presence of heterogeneous effects 

and heteroskedastic error terms (SOLON; HAIDER; WOOLDRIDGE, 2015). 

In a traditional difference-in-differences or event study, in the presence of hetero- 

geneous effects over time and among units, the model may have negative weights, as 

discussed by GOODMAN-BACON (2021) and CALLAWAY AND SANT’ANNA (2020). 

By adopting a weighted specification, we avoid this problem (BARTIK ET. AL, 2020).  

We use standard errors that are clustered at the firm level to allow for arbitraty 

dependence of ϵit across t within i (BERTRAND; DUFLO; MULLAINATHAN, 2004). 
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5 MAIN RESULTS 

In this section, we first analyze estimations for employment, unemployment, resignations, 

terminations, hours worked and wage variables for women. We compare these findings 

with the overall results as well as outcomes observed for men. In the next subsections, we 

will enhance our analysis by incorporating heterogeneities based on race and education 

level. 

 

5.1 Effects on Employment, Unemployment, Terminations, Resignations, 

Mutual Agreement, Hours Worked and Wages by Gender 

Figures 4-11 display γk for selected labor market variables. For employment, 

terminations, hours worked and wage, pre-event coefficients are statistically equal to zero 

for women. For unemployment and resignations, coefficients are not statistically equal to 

zero. 

Figure 4 and Tables 2 and 3 illustrates the effect of the opening of transportation 

stations on total workers, as well as for male and female workers separately. In Panel (b) 

we see that change in total female employees is significant and positive. After treatment, 

we have a positive and significant variation of 1.86%(0.0184 in log terms) more women 

employed in the areas that received transport stations. For men (panel c), we not notice 

significant effects on employment variable.  

As far as separation is concerned, we analyze the results from the point of view of 

general separation (Figure 5) and also of resignations (separation at the employee's 

initiative, Figure 6), terminations (separation at the employer's initiative, Figure 7), and 

mutual agreement (separation at the initiative of both the employee and the employer, 

Figure 8). Figures are in Additional Results section.  

For women, we observe a positive and significant variation for the resignations and 

mutual termination variables. For the first, the variation is 3.13% (0.0298 in log terms), 

while for the second it is 2.07% (0.0205). It is important to highlight that this increase in 

resignations for women was already happening in the pre-treatment areas. Thus, we 

cannot attribute this effect to the expansion of transportation.  
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(a) Geral 
 
 
 

(b) Women                                                                                       (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of Equation (4.1) on 

employment coefficient. Treatment (Control) defined as employees working in a firm within 2km from a 

transportation station. The dependent variable in each panel are: (a) 1 + ln (total of employees) (b) 1+ ln 

(total of female employees), (c) 1 + ln (total of male employees). Data is from 2010 to 2018. Red vertical 

line represents time of treatment. 

 

In addition to the employment and separation variables, we analyze the effects of 

transportation stations on weekly wages and hours worked (Figures 9 and 10). For both 

genders, women and men, the effect of treatment on these variables is zero. 

To test the robustness of our estimates, we include sector x date and firm size x date 

effects to control for unobserved time-varying shocks to sectors and firm sizes. Figures 

25 to 31 and Tables 1 0  a n d  1 1  in Additional Results section shows the results from 

event study and difference-in- differences. We obtain similar results with and without the 

inclusion of specific fixed effects. 

Figure 4: Effects on Employment 
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 (a) Geral 

 

(b) Women                                                                        (c) Men 

 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of Equation (4.1) on 

employment coefficient. Treatment (Control) defined as employees working in a firm within 2km from a 

transportation station. The dependent variable in each panel are: (a) ln (1+ total unemployed) (b) ln (1 + total 

of unemployed women), (c) ln (1 + total of unemployed men). Data is from 2010 to 2018. Red vertical line 

represents time of treatment. 

 

 

In addition to the employment and separation variables, we analyze the effects of 

transportation stations on weekly wages and hours worked. For both genders, women and 

Figure 5: Effects on Unemployment 
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men, the effect of treatment on these variables is zero.  

We also conducted an analysis with different control and treatment distances. As we can 

see in Figures 32 to 38 and Tables 12 to 17, in Additional Results Section, we observe no 

variation in the total number of women employed in firms located within 1km of the stations. 

When we analyze firms located up to 3km away, we also observe no significant effects on the 

employment of women (Figures 39 to 45). Finally, we set the treatment to a radius of up to 

4km away, and the effects on the employment variable remain null (Figures 46 to 52). These 

results bring us evidence that it is in the treatment radius of up to 2km distance and control 

above 2km, that we observe the significant effects for women’s employment.   

Regarding the findings, we have observed positive effects on female employment as a 

result of transportation infrastructure improvement, effects that are in line with those 

documented in the literature. In situations where there is a expansion of transportation 

infrastructure, women tend to benefit more than men (MARTINEZ et. al, 2020; LEI; DESAI; 

VANNEMAN, 2019). This effect can be observed both because of the increase in supply and 

demand for female labor. 

On the supply side, we have an extensive literature showing the higher labor supply 

costs for women (FLUCHTMANN et. AL, 2020; BERTRAND; GOLDIN; KATZ, 2010; 

GOLDIN, 2014, BLACK et. al, 2014). Women, being more responsible for the care of the 

home and children, face higher costs to participate in the labor market. In this context, 

transportation plays a crucial role in reducing theses costs, as it not only affects the time 

women spend at the workplace but also the commuting time to work, which directly impacts 

the costs of female labor supply.  

It is important to mention that for women, besides the cost of commuting time itself, 

transportation policies can also significantly influence in women`s perception of safety in 

public spaces. In this sense, policies to expand and improve transportation, along with the 

creation of safer transportation systems, tend to increase women's accessibility to formal jobs 

and the feeling of safety while commuting. These effects become even more relevant in the 

context of a city like Rio de Janeiro, where, in addition to having one of the highest 

commuting times in the world4, in Rio there is a high perception of violence against women in 

transportation and public spaces (KONDILYS et. al, 2020). Consequently, the cost of 

transportation for women in the city tends to be even higher than for men.   

On the other hand, there is an increased demand for female labor in situations where 

                                                   
4 According to data from Moovit, the average commuting time in the city of Rio de Janeiro is 67 minutes, the 4th 
longest among the world's major metropolises. 
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there is an expansion of transportation. This increase in demand occurs because of the impact 

that transportation expansion has on firms in the service and trade sectors (KWON, 2022). 

Since these sectors are labor intensive for women, in a situation of increasing firm size, it is 

expected that there will be a proportional increase in the demand for women employed in 

these areas. 

    Although we found positive effects on the variable of women's employment in the treated 

areas, we also observed a positive effect with regard to the variables of resignations and 

mutual terminations. With regard to resignations, as mentioned earlier, there was already a 

positive variance trend pre-treatment. However, this effect persists even after the arrival of 

transportation, which indicates that the greater accessibility promoted by transportation was 

not able to reverse the trend of resignations. On the other hand, there is a positive variation in 

the variable of mutual termination. In this sense, it is important to take up again the discussion 

regarding the issues that impact the permanence of women in the labor market.  

Despite the transportation policy having a fundamental role in reducing commuting 

time and consequently in a greater supply of female labor, there are other gender issues that 

have an impact on this decision, such as domestic chores and childcare. In addition, there is 

the issue of women's perception of risk in relation to public spaces, thus including the 

perception of risk in the transportation system. Thus, it is possible that in the short term the 

arrival of transport stations in locations with a high density of firms in the trade and services 

sectors has encouraged the hiring of women, but that in the long term, the transport policy has 

not been enough to increase the permanence of these women in the labor market, given that 

there are other gender issues that play a significant role in this decision. This assumption 

gains strength when we analyze both the reasons for leaving and also when we consider these 

effects with men. With regard to dismissal motivation, we found no significant effects in 

dismissals by employer's initiative, only by worker's initiative and by mutual agreement. With 

regard to the results found for men, we found no significant effects for the employment 

variable, but also no significant effects for separation variables. 
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Table 2: Effects on Firms Outcomes - Geral 

 (1) (2) (3) (4) (5) (6) (7) 

 
Employment 

 
Unemployment 

 
Resignations 

 
Terminations 

 
Unemployment 
by agreement 

 
Weekly Hours 

Worked 

 
Weekly 
Wage 

Panel A: Geral 

 
Post_Transportation 

 
 

0.0195** 

 
 

0.0063 

 
 

0.0349*** 

 
 

-0.0103 

 
 

0.0090 

 
 

0.0006 

 
 

0.1802 
 

(0.0098) (0.0114) (0.0098) (0.0107) (0.0091) (0.0015) (3.131) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 
Note: Table 2, Panel (A), presents the results of differences-in-differences estimation for selected labor market variables for workers. All estimates include controls and 
time and firm fixed effects. Robust standard errors in parethenses. *** denotes p < 0.01, ** denotes p < 0.05 and * denotes p < 0.1. 
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Table 3:  Effects on Firms Outcomes - Women and Men 

 
 

 (1) (2) (3) (4) (5) (6) (7) 
  

Employment 
 

Unemployment 
 

Resignations 
 

Terminations 
 

Unemployment 
by agreement 

 
Weekly 
Hours 

Worked 

 
Weekly 
Wage 

Panel B: Women 
       

Post_Transportation   0.0184** 0.0168   0.0298*** -0.0036 0.0205** 0.0004 5.441 
 

 (0.0094) (0.0101) (0.0079) (0.0087) (0.0066) (0.0017) (4.101) 

Observations       23.433 23.433 23.433 23.433 23.433 23.433 23.433 

Panel C: Men  

Post_Transportation 0.0110 -0.0006 0.0222***   -0.0105           -0.0024         0.0003        -2.568 
 

(0.0101) (0.0109) (0.0084)    (0.0101)          (0.0077)       (0.0020)       (4.612) 

Observations 23.433 23.433 23.433    23.433 23.433        23.433       23.433 
 

Controls 
 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
       ✓ 

 
          ✓ 

Firm FE ✓ ✓ ✓ ✓ ✓        ✓           ✓ 

Date FE ✓ ✓ ✓ ✓ ✓             ✓           ✓ 

 

Note: Table 3 presents the results of differences-in-differences estimation for selected labor market variables. In Panel (B), estimations are for female workers, (C) for male 
workers. All estimates include controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p < 0.01, ** denotes p < 0.05 and * denotes p < 
0.1.  
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5.1.1 Heterogeneities by Race 

 

To investigate how transportation stations may impact different groups of women 

workers, we analyze the labor market variables in this subsection by focusing on two 

characteristics: race and education level. Our goal is to understand how transportation 

expansion policy can impact in different ways based on heterogeneities beyond gender.  
 

     (a) Geral 

 (b) Black/White Women     (c) Black/White Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of Equation (4.1) on 

employment coefficient by race. Treatment (Control) defined as employees working in a firm within 2km 

from a transportation station. The dependent variable in each panel are: (a) 1 + ln (total of black/white 

employees) (b) 1+ ln (total of black/white female employees), (c) 1 + ln (total of black/ whitrmale 

employees). Data is from 2010 to 2018. Red vertical line represents time of treatment. 

 

Figure 5: Effects on Employment by Race 
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To begin, we explore how the impact of transportation may differ between black and 

white female workers. When including the racial dimension, we observe no significant 

effects between these two groups on the variance of employed women (Figure 11 and 

Table 5). 

In terms of unemployment, regarding resignations, we observe that white women have 

a greater variation compared to black women, of 2.20% (0.0218 in log terms) versus 

1.52% (0.0151 in log terms) (see Figure 13). As far as separation by mutual agreement is 

concerned, black women show a higher variation compared to white women - about 

1.32% (0.0052 in log terms), while white women show a variation of 0.97% (0.0132 in 

log terms) (see Figure 15). We find no significant effects between white and black 

women regarding terminations (see Figure 14). Also, we did not report significant effects 

that distinguish black and white women in terms of hours worked per week and weekly 

wage (see Figures 16 and 17).  
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(a) Geral 

 
 

(b) Black/White Women (c) Black/White Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of Equation (4.1) 

on employment coefficient. Treatment (Control) defined as employees working in a firm within 2km 

from a transportation station. The dependent variable in each panel are: (a) ln (1+ total black/white 

unemployed) (b) ln (1 + total black/white unemployed women), (c) ln (1 + total black/white 

unemployed men). Data is from 2010 to 2018. Red vertical line represents time of treatment.

Figure 6: Effects on Unemployment by Race 
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Table 4: Heterogeneous Effects by Race - Geral 

  
 
 (1) (2) (3) (4) (5) (6) (7) 

 
Employment 

 
Unemployment 

 
Resignations 

 
Terminations 

 
Unemployment 
by agreement 

 
Weekly 
Hours 

Worked 

 
Weekly 
Wage 

Panel A: Geral 
       

Black 
       

Post_Transportation 0.0177 -0.0044 0.0125 -0.0042 0.0079 0.0001 -5.291 
 

(0.0125) (0.0117) (0.0083) (0.0102) (0.0075) (0.0020) (5.875) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

White 
       

Post_Transportation 0.0034 -0.0008 0.0280*** -0.0203 -0.0039 0.0011 -1.879 
 

(0.0118) (0.0118) (0.0085) (0.0103) (0.0068) (0.0021) (4.244) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
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Note: Table 4, Panel (A), presents the results of differences-in-differences estimation for selected labor market variables for black/white workers. All estimates include 
controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p < 0.01, ** denotes p < 0.05 and * denotes p < 0.1.
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Table 5: Heterogeneous Effects by Race - Women 
 

 
 (1) (2) (3) (4) (5) (6) (7) 
  

Employment 
 

Unemplo
yment 

 
Resignatio

ns 

 
Termina

tions 

 
Unemployment 
by agreement 

 
Weekly Hours 

Worked 

 
Weekly 
Wage 

Panel A: Women 
       

Black 
       

Post_Transportation 0.0111 0.0098 0.0151*** -0.0065 0.00132* 0.0052 1.741 

 
   (0.0093) (0.0086) (0.0066) (0.0076) (0.0052) (0.0104) (1.551) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

White 
       

Post_Transportation 0.0110 0.0094 0.0218** 0.0014 0.0097** 0.0181 1.455 

 
(0.0098) (0.0094) (0.061) (0.0069) (0.0047) (0.0106) (2.177) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
 

Note: Table 5 presents the results of differences-in-differences estimation for selected labor market variable. In Panel (a), estimations are for black/white female. All estimates 
include controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p < 0.01, ** denotes p < 0.05 and * denotes p < 0.1.
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Table 6: Heterogeneous Effects by Race – Men 

 
 

 

 (1) (2) (3) (4) (5) (6) (7) 

  
Employm

ent 

 
Unemploy

ment 

 
Resignati

ons 

 
Terminati

ons 

 
Unemployme

nt by 
agreement 

 
Weekly Hours 

Worked 

 
Weekly Wage 

Panel A: Men 
       

Black 
       

Post_Transportation 0.0027 0.0038 0.0050 -0.0001 0.0019 0.0034 0.4938 
 

(0.0110) (0.0105) (0.0069) (0.0090) (0.0064) (0.0027) (6.469) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

White 
       

Post_Transportation 0.0049 -0.0128 0.0162** 0.0187** 0.0068 0.0002 -6.208 
 

(0.0115) (0.0103) (0.0069) (0.0092) (0.0056) (0.0027) (7.439) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
 

Note: Table 6 presents the results of differences-in-differences estimation for selected labor market variable. In Panel (a), estimations are for black/white male. All estimates 
include controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p < 0.01, ** denotes p < 0.05 and * denotes p < 0.1.
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5.1.2 Heterogeneities by Education Level 

 

Next, we analyze the heterogeneous effects of transportation between women with low 

and high education. With regard to the employment variable, we observe that only high 

skilled women experienced a positive and significant change in total employment, of about 

2.65% (0.0261 in log terms) (Figure 18 and Table 8). This increase in the change in 

employees also observed for high skilled men, about 2.3% (0.0231 in log terms) (Figure 18 

and Table 9).   

 

Figure 7: Effects on Employment by Education Level 

(a) Geral 
 

 
 

(b) Low/High Skilled Women (c) Low/High Skilled Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of Equation (4.1) on 
employment coefficient by race. Treatment (Control) defined as employees working in a firm within 2km from a 
transportation station. The dependent variable in each panel are: (a) 1 + ln (total of low/high skilled employees) 
(b) 1+ ln (total of low/high skilled female employees), (c) 1 + ln (total of low/high skilled male employees). Data 
is from 2010 to 2018. Red vertical line represents time of treatment.
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With regard to unemployment, high skilled women also have a positive variation in 

total resignations, of about 3% (0.0297 in log terms). We also observe a positive and 

significant change in mutual termination variable. In this case, high skilled women present a 

variation of 1.83% (0.0181 in log terms). Figures are in Additional Results.  

 

Figure 8:  Effects on Unemployment by Education Level 

(a) Geral 
 

(b) Low/High Skilled Women (c) Low/High Skilled Men 

 
Note: Graph shows DD coefficients and 95% confidence intervals from estimation of Equation (4.1) on 
employment coefficient. Treatment (Control) defined as employees working in a firm within 2km from a 
transportation station. The dependent variable in each panel are: (a) ln (1+ total low/high skilled unemployed) (b) 
ln (1 + total low/high skilled unemployed women), (c) ln (1 + total low/high skilled unemployed men). Data is 
from 2010 to 2018. Red vertical line represents time of treatment
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Table 7: Heterogeneous Effects by Education Level - Geral 

 
 

 

 (1) (2) (3) (4) (5) (6) (7) 

  
Employm

ent 

 
Unemploym

ent 

 
Resignatio

ns 

 
Terminatio

ns 

 
Unemployment by 

agreement 

 
Weekly Hours Worked 

 
Weekly 
Wage 

Panel A: Geral 
       

Low Skilled 
       

Post_Transportation 0.0085 -0.0054 0.0088 -0.0154 0.0077 0.0022 6.243 

 
(0.0106) (0.0103) (0.0073) (0.0091) (0.0068) (0.0017) (3.346) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

High Skilled 
       

Post_Transportation 0.0362*** 0.0307*** 0.0424*** 0.0147 0.0123 -0.0010 -2.370 
 

(0.0112) (0.0117) (0.0090) (0.0105) (0.0075) (0.0020) (3.841) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 

Note: Table 7, Panel (A), presents the results of differences-in-differences estimation for selected labor market variables for low/high skilled workers. All estimates include 
controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p < 0.01, ** denotes p < 0.05 and * denotes p < 0.1.
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Table 8: Heterogeneous Effects by Education Level - Women 

 

 

 (1) (2) (3) (4) (5) (6) (7) 
  

Employment 
 

Unemploym
ent 

 
Resignatio

ns 

 
Terminatio

ns 

 
Unemployment by 

agreement 

 
Weekly Hours Worked 

 
Weekly 
Wage 

Panel A: Women 

       

Low Skilled 
       

Post_Transportation -0.0021 0.0039 0.0084 -0.0060 0.0095 0.0059* 6.927 
 

(0.0018) (0.0073) (0.0049) (0.0058) (0.0040) (0.0030) (4.863) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

High Skilled 
       

Post_Transportation 0.0260*** 0.0245** 0.0297*** 0.0057 0.0181** 0.0039 5.836 
 

(0.0094) (0.0096) (0.0073) (0.0081) (0.0058) (0.0020) (4.750) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 

Note: Table 8 presents the results of differences-in-differences estimation for selected labor market variable. In Panel (a), estimations are for low/high skilled 
female. All estimates include controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p < 0.01, ** denotes p < 0.05 and * 
denotes p < 0.1.
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Table  9: Heterogeneous Effects by Education Level - Men 
 

 
 (1) (2) (3) (4) (5) (6) (7) 
  

Employm
ent 

 
Unemploy

ment 

 
Resignati

ons 

 
Terminati

ons 

 
Unemployment by 

agreement 

 
Weekly Hours 

Worked 

 
Weekly 
Wage 

Panel A: Men 
       

Low Skilled 
       

Post_Transportation 0.0069 -0.0084 0.0050 0.0130 0.0019 0.0022 8.716 
 

(0.0096) (0.0093) (0.0063) (0.0087) (0.0059) (0.0015) (4.233) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

High Skilled 
       

Post_Transportation 0.0261** 0.0232** 0.0282**
* 

0.0143 0.0020 0.0025 -7.679 

 
(0.0108) (0.0103) (0.0072) (0.0092) (0.0062) (0.0028) (6.654) 

Observations 23.433 23.433 23.433 23.433 23.433 23.433 23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
 

Note: Table 9 presents the results of differences-in-differences estimation for selected labor market variable. In Panel (a), estimations are for low/high skilled male. All 
estimates include controls and time and firm fixed effects. Robust standard errors in parethenses. * denotes p < 0.05, ** p denotes < 0.01, *** p < 0.001. 
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        For remaining variables, weekly hours worked and weekly wage, we observe no 

significant effects that differentiate women by educational level heterogeneity. 

         Findings show a higher positive variance for high skilled women, which converges with 

the results that are found in the transportation literature (TSIVANIDIS, 2018; CAMPOS, 

2019; BUTIKOFER et. al, 2020). In situations where firms are in transportation influence 

areas, there is a trend towards a concentration of economic activity around the stations, which 

can lead to an increase in agglomeration gains, both by the interaction between firms and by 

workers (ANDERSSON et. al, 2007; HERVAS-OLIVER et. al, 2017; TSIVANIDIS, 2018). 

This concentration of spatial activity leads to productivity gains for the firm, making it more 

specialized, added to the fact that the proximity to transport stations reduces commuting costs. 

All these factors combined may explain the increase in the variation of more educated 

workers in these areas to the detriment of areas more distant from transportation stations. 
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6 Conclusion 

 
 
        This dissertation aims to examine how transportation infrastructure improvements 

impacts women's outcomes in the labor market. We focus on the transportation expansion 

resulting from the 2014 World Cup and the 2016 Olympic Games in Rio de Janeiro, Brazil. 

Our goal is to assess the direct effects of this infrastructure policy on female employment. By 

utilizing a dataset covering formal female workers and employing an empirical differences-in-

differences approach, we contribute to the existing literature on the relationship between 

gender and the labor market. 

        Our study addresses the challenges related to women's labor participation and the 

influence of commuting, building upon prior research. Additionally, we contribute to the 

discussion on the impact of transportation on the labor market, particularly its effect on the 

female workforce (MARTINEZ et.. al, 2020; KWON, 2022). Our distinct empirical approach 

enables us to analyze the transportation effects on women's labor market outcomes within 

specific transportation regions, offering valuable insights into the influence of transportation 

policy on business sectors. Moreover, by mitigating self-selection bias, our study provides a 

comprehensive understanding of how transport policy affects women's employment 

dynamics. 

       Our findings reveal two main results. Firstly, we observe a significant increase in female 

employment within a 2 km radius of transport stations following the expansion of the 

transport network. Businesses located closer to these stations experience a notable rise of 

1.86% in female employment compared to those farther away. Furthermore, when examining 

the impact on different groups of women based on education and race, we note a more 

pronounced effect among highly educated women. This subgroup experiences a noteworthy 

employment increase of 2.65%, in contrast to their counterparts at more distant firms. These 

results align with previous literature that highlights the disproportionate impact of transport 

policies on women (MARTINEZ et. al., 2018; KWON, 2022). 

       Our second significant finding pertains to resignations and terminations through mutual 

agreement. We observe a consistent upward trend in the number of women voluntarily 

leaving their jobs in the areas affected by the transportation expansion even before its 

implementation. Surprisingly, this trend persists even after the introduction of the expanded 

transportation network, indicating that the policy did not alter this process. Furthermore, we 

notice an uptick in the number of women leaving jobs through mutual agreements. This 

finding suggests that, although the transport policy increased the employability of women in 
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these areas in the first moment, it was not able to guarantee a longer stay of women in jobs 

when compared to areas that did not receive transport stations. 
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Additional Results 

 

(a) Geral 

 

(b) Women                                                                        (c) Men 

 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by employee’s initiative) (b) ln (1 + total 
unemployed women by employee’s initiative), (c) ln (1 + total unemployed men by 
employee’s initiative). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
 

 

 
 

Figure 9: Effects on Resignations 
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(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by employer’s initiative) (b) ln (1 + total 
unemployed women by employer’s initiative), (c) ln (1 + total unemployed men by 
employer’s initiative). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 

 

 

 

 

 

 

Figure 10: Effects on Terminations 
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(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by mutual agreement) (b) ln (1 + total unemployed 
women by mutual agreement), (c) ln (1 + total unemployed men by mutual agreement). 
Data is from 2010 to 2018. Red vertical line represents time of treatment. 

 

 

 

 

Figure 11: Effects on Mutual Agreement Unemployment 



52  

 

 

 
 

 

 

(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in 
each panel are: (a) ln (1 + weekly hours worked) (b) ln (1 + weekly female hours 
worked), (c) ln (1 + weekly male hours worked). Data is from 2010 to 2018. Red vertical 
line represents time of treatment. 

 

 

 

Figure 9: Effects on Weekly Hours Worked by Race 
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(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in 
each panel are: (a) weekly wage (in R$) (b) weekly female wage (in R$) (c) weekly male 
wage (in R$). Data is from 2010 to 2018. Red vertical line represents time of treatment. 

 

 

 

 

 

 

Figure 12: Effects on Weekly Wage 
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(a) Geral 
 

(b) Black/White Women      (c) Black/White Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total black/white unemployed by employee’s initiative) (b) ln (1 + total 
black/white unemployed women by employee’s initiative), (c) ln (1 + total black/white 
unemployed men by employee’s initiative). Data is from 2010 to 2018. Red vertical line 
represents time of treatment. 

 

 

 

 

 

Figure 13: Effects on Resignations by Race 
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(a) Geral 
 

 
 

(b)  Black/White Women (c) Black/White Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total black/white unemployed by employer’s initiative) (b) ln (1 + total 
black/white unemployed women by employer’s initiative), (c) ln (1 + total black/white 
unemployed men by employer’s initiative). Data is from 2010 to 2018. Red vertical line 
represents time of treatment. 

 

 

 

Figure 14: Effects on Terminations by Race 
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(a) Geral 
 
 

(b) Black/White Women (c) Black/White Men 

 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total black/white unemployed by mutual agreement) (b) ln (1 + total 
black/white unemployed women by mutual agreement (c) ln (1 + total black/white 
unemployed men by mutual agreement). Data is from 2010 to 2018. Red vertical line 
represents time of treatment. 

 

 

 

 

Figure 15: Effects on Unemployment by Mutual Agreement by Race 
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(a) Geral 

 

(b) Black/White Women       (c) Black/White Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ black/white weekly hours worked) (b) ln (1+ women black/white weekly 
hours worked) (c) ln (1 + men black/white weekly hours worked). Data is from 2010 to 2018. 
Red vertical line represents time of treatment. 

 

 

 

 

Figure 16: Effects on Weekly Hours Worked by Race 
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(a) Geral 

 
 

(b) Black/White Women (c) Black/White Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in 
each panel are: (a) black/white weekly wage (in R$) (b) black/white weekly female wage 
(in R$) (c) black/white weekly male wage (in R$). Data is from 2010 to 2018. Red 
vertical line represents time of treatment. 

 

 

 

 

 

Figure 17: Effects on Weekly Wage by Race 
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(a) Geral 

 
 

(b) Low/High Skilled Women (c) Low/High Skilled Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total black/white unemployed by employee’s initiative) (b) ln (1 + total 
low/high skilled unemployed women by employee’s initiative), (c) ln (1 + total low/high 
skilled unemployed men by employee’s initiative). Data is from 2010 to 2018. Red vertical 
line represents time of treatment.

Figure 18: Effects on Resignations by Education Level 
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Figure 19: Effects on Terminations by Education Level 

(a) Geral 
 
 

(b) Low/High Skilled Women (c) Low/High Skilled Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of Equation (4.1) on 
employment coefficient. Treatment (Control) defined as employees working in a firm within 2km from a 
transportation station. The dependent variable in each panel are: (a) ln (1+ total black/white unemployed by 
employer’s initiative) (b) ln (1 + total low/high skilled unemployed women by employer’s initiative), (c) ln (1 + 
total low/high skilled unemployed men by employer’s initiative). Data is from 2010 to 2018. Red vertical line 
represents time of treatment 
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Figure 20:  Effects on Unemployment by Mutual Agreement by Education Level 

(a) Geral 

 
 

(b) Low/High Skilled Women (c) Low/High Skilled Men 

 
Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total black/white unemployed by mutual agreement) (b) ln (1 + total 
low/high skilled unemployed women by mutual agreement), (c) ln (1 + total low/high skilled 
unemployed men by mutual agreement). Data is from 2010 to 2018. Red vertical line 
represents time of treatment
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Figure 21: Effects on Weekly Hours Worked by Education Level 

(a) Geral 

 

(b) Low/High Skilled Women (b) Low/High Skilled Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ low/high skilled weekly hours worked) (b) ln (1+ women low/high 
skilled weekly hours worked) (c) ln (1 + men low/high skilled weekly hours worked). Data is 
from 2010 to 2018. Red vertical line represents time of treatment.
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Figure 22: Effects on Weekly Wage by Education Level 

(a) Geral 

 
 

(b) Low/High Skilled Women       (c) Low/High Skilled Men 

 
Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ low/high skilled weekly hours worked) (b) ln (1+ women low/high 
skilled weekly hours worked) (c) ln (1 + men low/high skilled weekly hours worked). Data is 
from 2010 to 2018. Red vertical line represents time of treatment
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Figure 23: Effects on Employment – Alternative Fixed Effects 

(a) Geral 

                          (b) Women                                                                                 (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) 1 + ln (total of employees) (b) 1+ ln (total of female employees), (c) 1 + ln 
(total of male employees). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
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Figure 24: Effects on Terminations – Alternative Fixed Effects 

(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by employer’s initiative) (b) ln (1 + total 
unemployed women by employer’s initiative), (c) ln (1 + total unemployed men by 
employer’s initiative). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
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Figure 25: Effects on Resignations – Alternative Fixed Effects 

 

(a) Geral 

 

(b) Women                                                                        (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by employee’s initiative) (b) ln (1 + total 
unemployed women by employee’s initiative), (c) ln (1 + total unemployed men by 
employee’s initiative). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
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Figure 26: Effects on Terminations – Alternative Fixed Effects 

 

(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by employer’s initiative) (b) ln (1 + total 
unemployed women by employer’s initiative), (c) ln (1 + total unemployed men by 
employer’s initiative). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
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Figure 27: Effects on Unemployment by Mutual Agreement  – Alternative Fixed Effects 

 

(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by mutual agreement) (b) ln (1 + total unemployed 
women by mutual agreement), (c) ln (1 + total unemployed men by mutual agreement). 
Data is from 2010 to 2018. Red vertical line represents time of treatment. 
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Figure 28: Effects on Weekly Hours Worked – Alternative Fixed Effects 

 

(b) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in 
each panel are: (a) ln (1 + weekly hours worked) (b) ln (1 + weekly female hours 
worked), (c) ln (1 + weekly male hours worked). Data is from 2010 to 2018. Red vertical 
line represents time of treatment. 
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Figure 29: Effects on Weekly Wage - Alternative Fixed Effects 

 

(a) Geral 

 

           (b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 2km from a transportation station. The dependent variable in 
each panel are: (a) weekly wage (in R$) (b) weekly female wage (in R$) (c) weekly male 
wage (in R$). Data is from 2010 to 2018. Red vertical line represents time of treatment. 
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Table 10: Effects on Firm Outcomes - Alternative Fixed Effects - Geral 

  

 (1) (2) (3) (4) (5) (6) (7) 

  
Employment 

 
Unemployment 

 
Resignations 

 
Terminations 

 
Unemployment 
by agreement 

 
Weekly 
Hours 

Worked 

 
Weekly 
Wage 

 
Panel A: Geral 

 
Post_Transportation 

 
 
 

0.0168 

 
 
 

0.0069 

 
 
 

 0.0481*** 

 
 
 

-0.0055 

 
 
 

0.0062 

 
 
 

0.0019 

 
 
 

-0.7127 
 

(0.0094) (0.0107) (0.0107) (0.0096) (0.0073) (0.0013) (2.842) 

Observations      23.433 23.433 23.433  23.433 23.433           
23.433 

23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 

Note: Table 10 presents the results of differences-in-differences estimation for selected labor market variable in alternative fixed effects. All 
estimates include controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p < 0.01, ** denotes p < 0.05 and 
* denotes p < 0.1. 
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Table 11: Effects on Firms Outcomes – Alternative Fixed Effects – Women and Men 

 

 
 (1) (2) (3) (4) (5) (6) (7) 
  

Employment 
 

Unemployment 
 

Resignations 
 

Terminations 
 

Unemployment by 
agreement 

 
Weekly Hours Worked 

 
Weekly 
Wage 

Panel B: Women 

       

Post_Transportation 0.0214** 0.0162 0.0296*** -0.0019 0.0183** 0.0007 6.868 
 

    (0.0094) (0.0101) (0.0079) (0.0087) (0.0065) (0.0018) (4.086) 

Observations      23.433 23.433 23.433 23.433 23.433 23.433 23.433 

 
Panel C: Men  

Post_Transportation 0.0120 -0.0181 0.0181*  -0.0123              -0.0069                 0.0023 -0.4078 
 

    (0.0101) (0.0083) (0.0083)   (0.0100)  (0.0017)                (0.0021) (4.643) 

Observations 23.433 23.433 23.433  23.433   23.433 23.433 23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Sector x date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Size x date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 

Note: Table 11 presents the results of differences-in-differences estimation for selected labor market variable in alternative fixed effects. In Panel (B), estimations are for female 

workers, (C) for male workers. All estimates include controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p < 0.01, ** denotes p < 0.05 and 
* denotes p < 0.1.
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Figure 30: Effects on Employment – 1km 

 

(a) Geral 

(b) Women                                                                               (c) Men 

 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 1km from a transportation station. The dependent variable in each 
panel are: (a) 1 + ln (total of employees) (b) 1+ ln (total of female employees), (c) 1 + ln 
(total of male employees). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
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Figure 31: Effects on Unemployment – 1km 

 

(a) Geral 

 

(b)Women                                                                        (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 1km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployment) (b) ln (1 + total of unemployed women), (c) ln (1 
+ total of unemployed men). Data is from 2010 to 2018. Red vertical line represents time 
of treatment. 
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Figure 32: Effects on Resignations – 1km 

 

(a) Geral 

 

(b) Women                                                               (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 1km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by employee’s initiative) (b) ln (1 + total 
unemployed women by employee’s initiative), (c) ln (1 + total unemployed men by 
employee’s initiative). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
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Figure 33: Effects on Terminations – 1km 

 

(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of Equation (4.1) on 
employment coefficient. Treatment (Control) defined as employees working in a firm within 1km from a 
transportation station. The dependent variable in each panel are: (a) ln (1+ total unemployed by employer’s 
initiative) (b) ln (1 + total unemployed women by employer’s initiative), (c) ln (1 + total unemployed men by 
employer’s initiative). Data is from 2010 to 2018. Red vertical line represents time of treatment. 
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Figure 34: Effects on Mutual Agreement Unemployment – 1km 

 

(a) Geral 

 

(b) Women                                                                   (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 1km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by mutual agreement) (b) ln (1 + total unemployed 
women by mutual agreement), (c) ln (1 + total unemployed men by mutual agreement). 
Data is from 2010 to 2018. Red vertical line represents time of treatment. 
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Figure 35: Effects on Weekly Hours Worked – 1km 

 

(a) Geral 

 

 

 

 

 

 

 

 

 

(b) Women                                                              (c) Men 

 

 

 

 

 

 

 

 

 

 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 1km from a transportation station. The dependent variable in 
each panel are: (a) ln (1 + weekly hours worked) (b) ln (1 + weekly female hours 
worked), (c) ln (1 + weekly male hours worked). Data is from 2010 to 2018. Red vertical 
line represents time of treatment. 
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Figure 36: Effects on Weekly Wage – 1km 

 

(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 1km from a transportation station. The dependent variable in 
each panel are: (a) weekly wage (in R$) (b) weekly female wage (in R$) (c) weekly male 
wage (in R$). Data is from 2010 to 2018. Red vertical line represents time of treatment. 
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Figure 37: Effects on Employment – 3km 

 

(a) Geral 

 

                                (b) Women                                                                          (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 3km from a transportation station. The dependent variable in each 
panel are: (a) 1 + ln (total of employees) (b) 1+ ln (total of female employees), (c) 1 + ln 
(total of male employees). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
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Figure 38: Effects on Unemployment – 3km 

 

(a) Geral 

 

(b) Women                                                                    (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 1km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployment) (b) ln (1 + total of unemployed women), (c) ln (1 
+ total of unemployed men). Data is from 2010 to 2018. Red vertical line represents time 
of treatment. 
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Figure 39: Effects on Resignations – 3km 

 

(a) Geral 

 

(b) Women                                                                        (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 3km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by employee’s initiative) (b) ln (1 + total 
unemployed women by employee’s initiative), (c) ln (1 + total unemployed men by 
employee’s initiative). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
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Figure 40: Effects on Terminations – 3km 

 

(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 3km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by employer’s initiative) (b) ln (1 + total 
unemployed women by employer’s initiative), (c) ln (1 + total unemployed men by 
employer’s initiative). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
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Figure 41: Effects on Mutual Agreement Unemployment – 3km 

 

(a) Geral 

 

                                  (b) Women                                                                      (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 3km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by mutual agreement) (b) ln (1 + total unemployed 
women by mutual agreement), (c) ln (1 + total unemployed men by mutual agreement). 
Data is from 2010 to 2018. Red vertical line represents time of treatment. 
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Figure 42: Effects on Weekly Hours Worked – 3km 

 

(a) Geral 

        (b) Women                                                                   (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 3km from a transportation station. The dependent variable in 
each panel are: (a) ln (1 + weekly hours worked) (b) ln (1 + weekly female hours 
worked), (c) ln (1 + weekly male hours worked). Data is from 2010 to 2018. Red vertical 
line represents time of treatment. 
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Figure 43: Effects on Weekly Wage – 3km 

 

(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 1km from a transportation station. The dependent variable in 
each panel are: (a) weekly wage (in R$) (b) weekly female wage (in R$) (c) weekly male 
wage (in R$). Data is from 2010 to 2018. Red vertical line represents time of treatment. 
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Figure 44: Effects on Employment – 4km 

 

(a) Geral 

 

                               (b) Women                                                                         (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 4km from a transportation station. The dependent variable in each 
panel are: (a) 1 + ln (total of employees) (b) 1+ ln (total of female employees), (c) 1 + ln 
(total of male employees). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
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Figure 45: Effects on Unemployment – 4km 

 

(a) Geral 

 

                                   (b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 4km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployment) (b) ln (1 + total of unemployed women), (c) ln (1 
+ total of unemployed men). Data is from 2010 to 2018. Red vertical line represents time 
of treatment. 
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Figure 46: Effects on Resignations – 4km 

 

(a) Geral 

 

(b) Women                                                                        (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 4km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by employee’s initiative) (b) ln (1 + total 
unemployed women by employee’s initiative), (c) ln (1 + total unemployed men by 
employee’s initiative). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
 
 
 
 
 
 



90  

 

 
 

 
Figure 47: Effects on Terminations – 4km 

(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 4km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by employer’s initiative) (b) ln (1 + total 
unemployed women by employer’s initiative), (c) ln (1 + total unemployed men by 
employer’s initiative). Data is from 2010 to 2018. Red vertical line represents time of 
treatment. 
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Figure 48: Effects on Mutual Agreement Unemployment – 4km 

 

(a) Geral 

 

                                    (b) Women                                                                        (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 4km from a transportation station. The dependent variable in each 
panel are: (a) ln (1+ total unemployed by mutual agreement) (b) ln (1 + total unemployed 
women by mutual agreement), (c) ln (1 + total unemployed men by mutual agreement). 
Data is from 2010 to 2018. Red vertical line represents time of treatment. 
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Figure 49: Effects on Weekly Hours Worked – 4km 

 

(a) Geral 

 

(b) Women                                                                 (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 4km from a transportation station. The dependent variable in each 
panel are: (a) ln (1 + weekly hours worked) (b) ln (1 + weekly female hours worked), (c) 
ln (1 + weekly male hours worked). Data is from 2010 to 2018. Red vertical line represents 
time of treatment. 
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Figure 50: Effects on Weekly Wage – 4km 

 

(a) Geral 

 

(b) Women                                                              (c) Men 

Note: Graph shows DD coefficients and 95% confidence intervals from estimation of 
Equation (4.1) on employment coefficient. Treatment (Control) defined as employees 
working in a firm within 4km from a transportation station. The dependent variable in 
each panel are: (a) weekly wage (in R$) (b) weekly female wage (in R$) (c) weekly male 
wage (in R$). Data is from 2010 to 2018. Red vertical line represents time of treatment 
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Table 12: Effects on Firms Outcomes - Alternative Treatment and Control (1km) - Geral 

  

 (1) (2) (3) (4) (5) (6) (7) 

  
Employment 

 
Unemployment 

 
Resignations 

 
Terminations 

 
Unemployment 
by agreement 

 
Weekly 
Hours 

Worked 

 
Weekly Wage 

 
Panel A: Geral 

 
Post_Transportation 

 
 
 

-0.0068 

 
 
 

0.0023 

 
 
 

 0.0377** 

 
 
 

-0.0182 

 
 
 

0.0092 

 
 
 

0.0003 

 
 
 

-2.726 
 

(0.0128) (0.0149) (0.0104) (0.0140) (0.0124) (0.0016) (4.271) 

Observations 16.084 16.084 16.084 16.084 16.084 16.084 16.084 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 

Note: Table 12, Panel (A), presents the results of differences-in-differences estimation for selected labor market variables in alternative treatment and 
control ranges (1km). All estimates include controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p < 0.01, ** denotes 
p < 0.05 and * denotes p < 0.1. 
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Table 13:  Effects on Firms Outcomes - Alternative Treatment and Control (1km) – Women and Men 
 

 
 (1) (2) (3) (4) (5) (6) (7) 
  

Employment 
 

Unemployment 
 

Resignations 
 

Terminations 
 

Unemployment by 

agreement 

 

Weekly Hours 

Worked 

 

Weekly Wage 

Panel B: Women 

       

Post_Transportation          -0.0010 0.0030  0.0263* -0.0266 0.0201   
 

               
(0.0108) 

(0.0119) (0.0124) (0.0025) (0.0087) (0.0016) (4.694) 

Observations          23.433 23.433 23.433 23.433 23.433 23.433 23.433 

 
Panel C: Men  

Post_Transportation     -0.0095 0.0006 0.0255*   -0.0107          0.0004    0.0018       -9.536 
 

        (0.0133) (0.0143) (0.0100)    (0.0150)         (0.0106)   (0.0004)      (5.332) 

Observations      23.433 23.433 23.433   23.433          23.433    23.433      23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
               ✓ 

 
    ✓ 

 
             ✓ 

Firm FE ✓ ✓ ✓ ✓                ✓     ✓              ✓ 

Date FE ✓ ✓ ✓ ✓                ✓     ✓              ✓ 
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Note: Table 13 presents the results of differences-in-differences estimation for selected labor market variable in alternative treatment and control ranges (1km). 

In Panel (B), estimations are for female workers, (C) for male workers. All estimates include controls and time and firm fixed effects. Robust standard errors in 
parethenses. *** denotes p < 0.01, ** denotes p < 0.05 and * denotes p < 0.1. 

 

 
 

Table 14: Effects on Firms Outcomes - Alternative Treatment and Control (3km) - Geral 

 
 

 
 (1) (2) (3) (4) (5) (6) (7) 

  

Employment 
 

Unemployment 
 

Resignations 
 

Terminations 
 

Unemployment by 
agreement 

 

Weekly Hours 
Worked 

 

Weekly Wage 

 
Panel A: Geral 

 
Post_Transportation 

 
 
 

0.0081 

 
 
 

0.0114 

 
 
 

 0.0412*** 

 
 
 

0.0070 

 
 
 

0.0094 

 
 
 

0.0020 

 
 
 

0.1044 
 

(0.0073) (0.0087) (0.0074) (0.0087) (0.0071) (0.0012) (2.509) 

Observations      23.433 23.433 23.433  23.433 23.433           23.433 23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 

Note: Table 14 Panel (A), presents the results of differences-in-differences estimation for selected labor market variables in alternative treatment and control 

ranges (3km). All estimates include controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p < 0.01, ** denotes p < 0.05 
and * denotes p < 0.1. 
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Table 15: Effects on Firms Outcomes - Alternative Treatment and Control (3km) – Women and Men 

 
 

 

 (1) (2) (3) (4) (5) (6) (7) 
  

Employment 
 

Unemployment 
 

Resignations 
 

Terminations 
 

Unemployment 
by agreement 

 
Weekly 
Hours 

Worked 

 
Weekly Wage 

Panel B: Women 

       

Post_Transportation         0.0083 0.0162*  0.0278*** 0.0021 0.0138** 0.0019 1.446 
 

       
(0.0069) 

(0.0077) (0.0060) (0.0067) (0.0018) (0.0012) (3.280) 

Observations          23.433 23.433 23.433 23.433 23.433 23.433 23.433 

 
Panel C: Men  

Post_Transportation    0.0044 -0.0003 0.0206   -0.0109          0.0011    0.0043       0.472 
 

        
(0.0076) 

(0.0084) (0.0128)    (0.0017)         (0.0059)   (0.0016)      (3.532) 

Observations      
23.433 

23.433 23.433   23.433          23.433    23.433      23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
               ✓ 

 
    ✓ 

 
             ✓ 

Firm FE ✓ ✓ ✓ ✓                ✓     ✓              ✓ 

Date FE ✓ ✓ ✓ ✓                ✓     ✓              ✓ 

 

Note: Table 15 presents the results of differences-in-differences estimation for selected labor market variable in alternative treatment and control ranges (3km). In Panel (B), 
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estimations are for female workers, (C) for male workers. All estimates include controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p 
< 0.01, ** denotes p < 0.05 and * denotes p < 0.1.  
 

Table 16: Effects on Firms Outcomes - Alternative Treatment and Control (4km) - Geral 

 
 

 
 (1) (2) (3) (4) (5) (6) (7) 

  
Employment 

 
Unemployment 

 
Resignations 

 
Terminations 

 
Unemployment 
by agreement 

 
Weekly 
Hours 

Worked 

 
Weekly Wage 

 
Panel A: Geral 

 
Post_Transportation 

 
 
 

0.0107 

 
 
 

0.0174 

 
 
 

 0.0388*** 

 
 
 

-0.0017 

 
 
 

0.0076 

 
 
 

0.0017 

 
 
 

0.779 
 

(0.0094) (0.0087) (0.0075) (0.0080) (0.0070) (0.0012) (2.826) 

Observations      23.433 23.433 23.433  23.433 23.433           23.433 23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Date FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 
Note: Table 16, Panel (A), presents the results of differences-in-differences estimation for selected labor market variables in alternative treatment and control 
ranges (4km). All estimates include controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p < 0.01, ** denotes p < 0.05 
and * denotes p < 0.1.



100  

 

 

                               Table 17: Effects on Firms Outcomes - Alternative Treatment and Control (4km) – Women and Men 

 
 

 
 (1) (2) (3) (4) (5) (6) (7) 
  

Employment 
 

Unemployment 
 

Resignations 
 

Terminations 
 

Unemployment 
by agreement 

 
Weekly Hours 

Worked 

 
Weekly Wage 

Panel B: Women 

       

Post_Transportation         0.0057 0.0158  0.0255*** -0.0036 0.0122* 0.0022 2.399 
 

       (0.0071) (0.0077) (0.0074) (0.0067) (0.0057) (0.0014) (3.673) 

Observations          23.433 23.433 23.433 23.433 23.433 23.433 23.433 

 
Panel C: Men  

Post_Transportation    0.0127 0.0105 0.0233**
* 

  -0.0005          -0.0006    0.0052**       0.2844 

 
        (0.0075) (0.0084) (0.0064)    (0.0076)         (0.0059)   (0.0016)      (4.029) 

Observations     23.433 23.433 23.433   23.433          23.433    23.433      23.433 

 
Controls 

 
✓ 

 
✓ 

 
✓ 

 
✓ 

 
               ✓ 

 
    ✓ 

 
             ✓ 

Firm FE ✓ ✓ ✓ ✓                ✓     ✓              ✓ 

Date FE ✓ ✓ ✓ ✓                ✓     ✓              ✓ 

 

Note: Table 17  presents the results of differences-in-differences estimation for selected labor market variable in alternative treatment and control ranges (4km). In Panel (B), 
estimations are for female workers, (C) for male workers. All estimates include controls and time and firm fixed effects. Robust standard errors in parethenses. *** denotes p 
< 0.01, ** denotes p < 0.05 and * denotes p < 0.1. 


	Does Transportation Infrastructure Growth Improve Women’s Labor Market Outcomes? Evidence from Rio de Janeiro
	Does Transportation Infrastructure Growth Improve Women’s Labor Market Outcomes? Evidence from Rio de Janeiro (1)
	1. INTRODUCTION
	2. INSTITUTIONAL CONTEXT
	2.2 Transportation infrastructure in Rio de Janeiro

	3 DATA AND DESCRIPTIVE STATISTICS
	3.1 Transportation Stations Data
	3.2 Employer-Employee Data
	3.3 Exposure to transportation station
	3.4 Sample Selection

	4 EMPIRICAL STRATEGY
	5 MAIN RESULTS
	5.1 Effects on Employment, Unemployment, Terminations, Resignations, Mutual Agreement, Hours Worked and Wages by Gender
	5.1.1 Heterogeneities by Race
	5.1.2 Heterogeneities by Education Level


	6 Conclusion
	7 References
	Additional Results


