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Abstract
This paper investigates how a policy that grants fare-free public transportation for
seniors affects the travel behavior of its beneficiaries. To identify the impacts of
this policy, I explore the fact that eligibility for fare exemption is based on age
thresholds that vary by gender and city. Using data from household travel surveys,
I estimate the causal effects of free fare on travel behavior through a regression
discontinuity design. The results of my analysis indicate that eligibility for farefree public transportation increases transit ridership among beneficiaries by
approximately 27.3%. However, I do not find any significant effects of the policy
on mode substitution or trip characteristics.
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1. Introduction
Subsidies for public transit fares can be economically justified as a second-best mechanism to ease
the external costs associated with the use of private vehicles (Parry & Small, 2009; Basso, Guevara,
Gschwender, & Fuster, 2011).1 However, the effectiveness of such a policy depends on the
elasticity of substitution between private and public modes. Yet, empirical evidence regarding the
magnitude of such elasticity is limited, particularly in the case of non-marginal price reductions,
which have been suggested as optimal fare policies by the transportation economics literature
(Parry & Small, 2009; Basso & Silva, 2014).
This paper contributes to this discussion by providing novel empirical evidence on the
elasticities of travel behavior given a non-marginal reduction in transit fare. Specifically, it
explores a policy that grants fare-free public transportation to senior citizens in Brazilian
metropolitan areas where the age threshold for eligibility differs by gender and by city. Using a
rich dataset of individual travel behavior, I compare the number of trips, by different modes, made
by individuals who are just above and just below the fare exemption ages. Using a regression
discontinuity design, I estimate the causal effect of complete fare subsidization on individual travel
behavior. The results of this analysis indicate that completely subsidizing the public transportation
fare increases the transit ridership of beneficiaries by approximately 27.3%. However, no
significant effects are observed in the number of trips made by other modes, particularly in the
case of private vehicles. The results identified in this study are also relevant for the debate about
the seniors’ fare-free policy in Brazil, which is expected to have surging costs due to the aging of
the population.
Compared to the existing literature on the effects of transit fare subsidies on travel
behavior, this paper has three major differentials: First, it is based on ex-post reduced form
estimations of price effects. The literature evaluating the transit subsidies is mostly based on
elasticity parameters that are estimated or inputted from structural models (Basso & Silva, 2014;
Tscharaktschiew & Hirte, 2012; Proost & Dender, 2008; Parry & Small, 2009), which tend to
present more elastic demand curves when compared to empirical estimations from reduced form
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As a recent example of this argument, a complete subsidization of transit fares has been proposed in different
German cities with the objective of reducing emissions (The Washington Post, 2018).
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econometric models (Kremers, Nijkamp, & Rietveld, 2002). Second, it explores the effects of a
non-marginal price shock where individuals experience mostly identical conditions except for the
transit fare. In the transportation literature, elasticities estimated from reduced form models are
usually based on before-and-after comparisons (Cats, Susilo, & Reimal, 2016; Rye & Mykura,
2009). However, other structural changes are usually implemented in conjunction with fare price
adjustments, thus potentially confounding the effects of price shocks on demand. Third, it analyses
the effect of complete fare subsidization in a developing world setting, where the mode share of
public transit is much higher than that in the developed world and a large share of individuals are
transit captives. Consequently, public transit pricing has a more extensive impact on welfare.2
The remaining of this paper is divided as follows: Section 2 describes the policy of freefare for seniors in Brazil and the eligibility differences by gender and by city. Section 3 describes
the household travel surveys used as the main data sources for the empirical analysis. Section 4
presents the empirical strategy and discusses the results of the estimations. Finally, Section 5
concludes.
2. Background - Fare Free Programs for Seniors in Brazil
Reduced fare programs for seniors are a common practice worldwide. In the case of Brazil,
the National Constitution mandates that urban public transportation must be free of charge for all
individuals above the age of 65.3 This benefit is valid throughout the country and cannot be
overruled by local regulation. Additionally, in 1993, the city of São Paulo created an additional
benefit that extended fare-free eligibility in municipal buses for women at age 60 and above.4
Therefore, in the period analyzed in this paper, while women in São Paulo could ride municipal
buses5 for free at age 60, men in São Paulo had the same benefit only when they turned 65. In the
case of trips made by other public modes (subway, urban trains, and metropolitan buses), the fare
exemption age threshold was 65 for both men and women. Meanwhile, in other Brazilian cities
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In the Metropolitan Region of São Paulo, more than half of motorized trips are made by public modes,
corresponding to more than 16 million trips per day (METRO, 2013).
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https://www.senado.gov.br/atividade/const/con1988/CON1988_05.10.1988/art_230_.asp
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Municipal Law nº 11.381 of June 17, 1993
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Municipal buses account for 57.4% of public transit trips in São Paulo (METRO, 2013).
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such as Belo Horizonte, both men and women were eligible for fare-free public transportation only
when they turned 65.6
To obtain the right to board without paying, eligible seniors are required only to present an
official document displaying their date of birth. This identification can be shown to either the bus
driver, the ticket collector, or the subway personnel in the entrance of each station. Additionally,
eligible seniors have the option to apply for a special transit card, which can be used on the
automated ticketing equipment of buses and transit stations, thereby avoiding having to display a
valid ID card when boarding a bus or a train.7
In 2017, 10% of total bus ridership in São Paulo consisted of trips made by fare-exempt
elders. This share corresponds to approximately 14.8 million trips per month,8 costing roughly
R$ 1 billion9 per year, or 1.85% of the overall budget of the city government, which is the
government branch responsible for covering the costs of the benefit.10
3. Data
The source of information on individual travel behavior used in this paper is a set of
household travel surveys from two of the largest Brazilian metropolitan areas: São Paulo and Belo
Horizonte.11 These surveys were designed to be representative of all trips made by the population
of each metropolitan area on a regular working day. In the case of São Paulo, the surveys were
conducted in 2007 and 2012 by Metro, the state-owned company that runs the São Paulo subway.
For Belo Horizonte, the surveys are from 2002 and 2012, and were conducted by the state
government of Minas Gerais. In each of these surveys, a random household sample was selected,
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In 2013, the fare exemption at age 60 in São Paulo was extended to males and to other types of public
transportation (Municipal Law nº 15.912 of December 16, 2013 and State Law nº 15.187, of October 29, 2013).
However, the main analysis carried in this paper is based on the years of 2002, 2007 and 2012 and is therefore not
affected by this later policy change. Appendix A summarizes the timeline of policy changes and the different age
thresholds for men and women in São Paulo and Belo Horizonte in the period that is analyzed in the paper.
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Appendix B discusses the issue of fraud in the use of these cards.
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http://www.prefeitura.sp.gov.br/cidade/secretarias/upload/transportes/SPTrans/acesso_a_informacao/2017/det
alhamento-planilha-tarifaria-reajustejan17.xlsx.
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In December 2017, the exchange rate for the Brazilian Real was equal to 0.30 US dollars.
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http://www.camara.sp.gov.br/transparencia/orcamentos-da-camara/orcamento-2017/
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São Paulo is the largest metropolitan area in Brazil, with 21 million residents. Belo Horizonte is Brazil’s third-largest
metropolitan area, with 5.8 million residents (IBGE, 2016).
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and respondents were asked to report travel diaries with all trips taken on the weekday immediately
preceding the interview. The trip information in the datasets included: motivation for travel,
transport modes, departure and arrival times, and geocoded origins and destinations. Additionally,
the surveys also included a rich compilation of the socioeconomic characteristics of the
respondents, including age, sex, educational attainment, income, employment, and vehicle
ownership.
Table 1 shows the basic descriptive statistics of the pooled observations from these surveys.
All surveys combined included a total of 336,217 individuals, of which 43,340 were between the
ages of 55 and 69. Adults of older age close to the exemption thresholds are highlighted because
they are the most relevant group for the empirical estimation of this paper. The table shows that,
the older the cohort, the lower is the average number of individuals who report making at least one
trip, a pattern that is observed for all modes and for all types of trip motivations.
The relationship between age and travel behavior is further detailed in Figure 1, which
shows the average number of trips by age for the total pooled sample. The figure shows that the
relationship between the number of trips and age presents a well-behaved continuous pattern. The
average number of trips grows rapidly from early ages through the last years of high school. After
reaching a lifetime maximum at age 18, the average number of trips decreases to roughly 0.8 trips
per person around the age of 20 and remains mostly flat until the age of 40. From that age and
beyond, the average number of trips decreases almost linearly.

5

TABLE 1: HOUSEHOLD SURVEYS – DESCRIPTIVE CHARACTERISTICS OF INDIVIDUALS
All Data
Obs. Share
Total Individuals

Age
60-64

55-59
a

Obs. Share

a

65-69

Obs. Share

a

Obs. Sharea

336,217

100.0%

17,032

100.0%

14,504

100.0%

11,804

100.0%

male

159,091

47.3%

7,664

45.0%

6,386

44.0%

5,149

43.6%

female

177,126

52.7%

9,368

55.0%

8,118

56.0%

6,655

56.4%

Work Status
working

141,140

42.0%

7,824

45.9%

4,583

31.6%

2,045

17.3%

retired

42,815

12.7%

4,418

25.9%

6,402

44.1%

7,653

64.8%

Education
high school

122,185

36.3%

6,449

37.9%

5,085

35.1%

3,589

30.4%

Vehicles
owns car

172,952

51.4%

10,017

58.8%

8,351

57.6%

6,376

54.0%

Trips
travels

212,967

63.3%

9,079

53.3%

6,896

47.5%

4,893

41.5%

by car

60,638

18.0%

3,662

21.5%

2,898

20.0%

1,909

16.2%

by pub. transit

64,724

19.3%

2,914

17.1%

2,192

15.1%

1,776

15.0%

by walking

78,429

23.3%

2,594

15.2%

1,925

13.3%

1,323

11.2%

by bus

54,308

16.2%

2,411

14.2%

1,870

12.9%

1,507

12.8%

by rail

10,677

3.2%

510

3.0%

332

2.3%

273

2.3%

driving

36,479

10.8%

2,746

16.1%

2,100

14.5%

1,350

11.4%

by car ride

18,371

5.5%

750

4.4%

677

4.7%

480

4.1%

for work

110,215

32.8%

5,694

33.4%

3,387

23.4%

1,681

14.2%

for other reasons

112,445

33.4%

5,090

29.9%

3,770

26.0%

2,506

21.2%

Survey
Belo Horizonte 2002

121,296

36.1%

4,810

28.2%

4,156

28.7%

3,457

29.3%

Belo Horizonte 2012

Sex

100,656

29.9%

5,840

34.3%

4,882

33.7%

3,978

33.7%

São Paulo 2007

89,970

26.8%

5,019

29.5%

4,258

29.4%

3,488

29.5%

São Paulo 2012

24,295

7.2%

1,363

8.0%

1,208

8.3%

881

7.5%

Notes: T he table was calculated based on the individuals observed on the São Paulo household travel surveys from 2007 and 2012 and the
Belo Horizonte household travel surveys from 2002 and 2012. a shares are based on the total for each column.
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FIGURE 1: AVERAGE NUMBER OF TRIPS BY AGE

Notes: Each dot corresponds to the average number of trips made by individuals of each age in the pooled dataset
that includes all individuals from the São Paulo household travel surveys of 2007 and 2012 and the Belo Horizonte
household travel surveys of 2002 and 2012

3. Empirical Strategy and Results
To identify how the policy of fare-free public transportation affects the travel behavior of
individuals, I employ a regression discontinuity design (RDD). This method compares the
dependent variable (average number of trips) for individuals who are just below and above the
policy eligibility threshold for the running variable (age). The main advantage of this empirical
approach is that the underlying assumptions needed for the internal validity of results are relatively
weak. Specifically, the assumptions are that the unobserved characteristics that affect travel
behavior are similar for individuals on both sides of the policy threshold, and that the relationship
between the running variable and dependent variable should be described by a continuous
function.12 If these assumptions hold, then any discontinuities in the dependent variable at the
threshold age can only be attributed to the policy effect.
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As shown in Figure 1 in the previous section, the graphical evidence suggests a continuous relationship between
age and travel. Appendix C presents similar plots for specific types of trips and no obvious discontinuities are
observed among the variables included in these plots.
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Since different groups of people become eligible for fare exemption at different ages, the
running variable, 𝑑𝑖 is defined as the difference between individuals’ ages and their eligibility
threshold:
𝑑𝑖 = 𝑎𝑔𝑒𝑖 − 𝑎𝑔𝑒𝑖𝑜

(1)

Where 𝑎𝑔𝑒𝑖 is the age of individual 𝑖, 𝑎𝑔𝑒𝑖𝑜 is the age threshold for fare exemption
eligibility for that particular individual given his or her gender and city of residence, and 𝑑𝑖 is the
difference between those values. From the normalized running variable, the treatment status, 𝑇𝑖 ,
of individuals in my sample is defined as:
𝑇𝑖 = 0

𝑖𝑓

𝑑𝑖 < 0

𝑇𝑖 = 1

𝑖𝑓

𝑑𝑖 ≥ 0

(2)

3.1. Adherence to the Benefit
The first aspect of the fare exemption policy that is analyzed is the adherence of eligible
individuals to the benefit. That is, does the policy make eligible individuals who use public
transportation to ride for free? To analyze this question, I explore the fact that the São Paulo
survey from 2007 and the Belo Horizonte survey from 2012 asked who paid the fare of each public
transit trip that was reported in the travel diaries.13 Among the answer options, respondents could
indicate if they had traveled for free. In Figure 2, it is shown the share of transit travelers who
reported riding for free by distance in age to their corresponding exemption threshold.14

13

This question was not included in the São Paulo survey from 2012 nor the Belo Horizonte survey from 2002.
As discussed in Section 2, women from São Paulo were subject to a different eligibility age (60) compared to
other groups in the sample (65).
14
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FIGURE 2: SHARE OF TRANSIT TRAVELERS WHO REPORT RIDING FOR FREE,
BY DISTANCE IN AGE TO FARE EXEMPTION ELIGIBILITY

Notes: Each dot indicates the share of trips made by public transportation that are reported as being fare-free by the
distance in age of travelers to seniors’ fare exemption threshold age. The dot highlighted in red indicates individuals
who are exactly at the fare exemption threshold age and that are later excluded from the main analyses.

In theory, all individuals can begin riding public transit for free on the exact date that they
reach the policy threshold age. However, as is clear in Figure 2, those who are exactly at the cutoff
age are not as likely to take advantage of the benefit as those who are at least one year older than
the threshold age. This could be explained by a few factors. First, it may take some time for
individuals to become aware of the benefit, and those who are exactly at the age threshold may not
yet be knowledgeable of their right to ride for free. Additionally, most of the fare-exempt trips are
made with the use of senior transit cards (Prefeitura de São Paulo, 2017). However, to get access
to these cards, eligible seniors must complete an application with the transit agency of their city.
This process requires the submission of documents attesting to the fulfillment of policy eligibility
requirements.15 Although the application can be started as early as three months prior to their
eligibility birthday, some seniors may delay this process, and therefore limit their ability to fully
15

http://bilheteunico.sptrans.com.br/especial.aspx

9

benefit from the fare exemption policy in the first few months of their eligibility period. As a
result, the treatment status of individuals who are exactly at the threshold age may be ambiguous.
Therefore, to avoid any bias due to the misidentification of treatment status, I exclude these
observations from the baseline estimation of the main RD models.16
Nevertheless, eligibility to ride for free has a clear effect on the share of travelers who
report riding for free, which is not surprising. While 20% of individuals just below the eligibility
threshold age declare riding for free, that share raises to more than 60% for those who are just
above the threshold age. Two aspects revealed by this figure must be noted: 1) some individuals
ride for free but are younger than the threshold age and 2) some people are above the threshold
age but pay for their trips.
The first case can be explained by the fact that other fare exemption rules exist in both São
Paulo and Belo Horizonte. In addition to seniors, public workers such as policemen, firefighters,
and mailmen can ride public transportation for free regardless of their age.17 Furthermore,
individuals with physical or mental disabilities can also apply for the benefit, which may explain
the increasing share, in age, of individuals riding for free below the senior exemption threshold
age.
Regarding the seniors who are eligible for fare exemption but pay the transit fare, a lack of
awareness does not appear to explain this behavior, as 93% of seniors are aware of the benefit
(Néri, 2007) and the right to ride public transit for free is the most well-known benefit for seniors
in Brazil (Martins & Massarollo, 2010). An alternative explanation for the existence of this group
could be that certain disadvantaged individuals could face some difficulty in exercising their right
to ride for free; for example, if they do not have a valid ID that proves their age. To investigate
this hypothesis, I run a balance test of observed characteristics comparing eligible individuals
(older than 65) who pay for the fare with individuals in the same age group who report riding for
16

The exclusion of observations close to the running variable threshold is referred in the literature as a “Donut-RD”. This procedure is most
common in cases of heaping data at the running variable threshold (Almond & Jr, 2011), (Eggers, Fowler, Hainmueller, Hall, & Jr., 2015). Although
it is undesirable to exclude this data points, the first alternative would be to consider them as treated, which would likely misidentify several
individuals who may not be riding for free, thus biasing any discontinuity estimate towards zero. Alternatively, I could try to identify in the data
those individuals who reported traveling for free and those who did not, and then use this information to assign treatment status. The main
issues associated with this procedure are twofold; first it is unclear how to assign treatment status for individuals who do not travel by public
transportation at all, and we could therefore not be sure if they would or would not pay for the fare. Second, even if identification of treatment
status were perfect, it would lead to the issue of selection into treatment, as individuals exactly at the threshold age who were more likely to
desire free trips would also be more likely to register earlier for senior transit cards.
17

http://www.bhtrans.pbh.gov.br/portal/page/portal/portalpublico/Temas/Onibus/gratuidade-2013 and
http://bilheteunico.sptrans.com.br/especial.aspx
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free. The results of this comparison are shown in Table 2. On average, the individuals who pay
for the transit fare are wealthier, more educated, likelier to own a vehicle, and likelier to be
employed18 than the group of individuals who report traveling for free. Therefore, lower access to
the policy by disadvantaged individuals may not be the main factor explaining why some people
pay for the transit fare even when they are eligible to ride for free. Instead, possible remaining
explanations include personal pride or a perception of irrelevance of the cost among wealthier
individuals.
TABLE 2: BALANCE TEST BETWEEN FARE-FREE ELIGIBLE TRANSIT RIDERS
WHO PAY AND WHO DO NOT PAY FOR THE TRIPS
Group mean
Variable

female
age
works
retired
high school
owns car
income

free
riders

fare
payers

0.562
73.2
0.114
0.807
0.294
0.386
2,322

0.583
72.7
0.168
0.763
0.344
0.412
2,873

t.stat
of diff.
-0.871
1.880
-3.042
2.176
-2.193
-1.066
-2.847

p.value
of diff.
0.384
0.060
0.002 **
0.030 *
0.029 *
0.287
0.005 **

Notes: *** p<0.001, ** p<0.01, * p<0.05. Free riders are free-fare eligible seniors who
report riding free. Fare payers are free-fare eligible seniors who report paying the
transit fare for their trips.

Given these results, it must be highlighted that all further RD results can be interpreted as
intention-to-treat effects, since the treatment variable under analysis is eligibility for fare-free
riding, and not the act of traveling by public transportation for free.
3.2. Pooled RD Estimation
To analyze the effect of free-fare eligibility on travel behavior, I start by analyzing the
graphical evidence that is presented in Figure 3 which shows the relationship between the running

18

This comparison already excludes individuals who report that the transit fare was paid by the employer.
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and dependent variables in my study. Each panel of the figure shows the average number of trips
per mode, by distance in age to the policy threshold. A decreasing number of trips with age is
evident in all four panels. As for discontinuities at the cutoff, Panel B appears to indicate that the
number of trips by public transportation increases, and Panel D suggests a smaller discontinuity in
the opposite direction for trips made on foot. Regarding the other modes, the graphical evidence
is not clear, and no apparent trend discontinuity can be observed.
To formally estimate the size and significance of these effects, I estimate a standard RD
model, which can be described by the following equation:

𝑦𝑖𝑚 = 𝛽0𝑚 + 𝛽1𝑚 𝑓𝑚 (𝑑𝑖 ) 𝑇𝑖 + 𝛽2𝑚 𝑓𝑚 (𝑑𝑖 ) (1 − 𝑇𝑖 ) + 𝛽3𝑚 𝑇𝑖 + 𝛾𝑚 𝑋 + 𝜀𝑖𝑚

(3)

Where the outcome variable, 𝑦𝑖𝑚 , is the number of trips made by individual 𝑖 using mode
𝑚. Moreover, 𝑓𝑚 (𝑑𝑖 ) is a continuous function that describes the relationship between the running
variable, 𝑑𝑖 , and the dependent variable. Furthermore, 𝑋𝑖 is a vector of controls that includes
gender, city of residence, income, vehicle ownership, and employment status. Finally, 𝜀𝑖𝑚 is a
noise term that captures all other unobservables.
The main coefficient of interest is 𝛽3𝑚 , which describes, for each mode, any discontinuity
in the outcome variable at the policy age cutoff. Under the assumption of continuity of 𝑦𝑖𝑚 on 𝑑𝑖
at 𝑑𝑖 = 0, 𝛽3 is equivalent to the average policy treatment effect at the threshold (Imbens &
Lemieux, 2007). In my baseline RD estimation, I use a linear approximation of 𝑓𝑚 (𝑑𝑖 ) and I subset
the estimation to a neighborhood of observations around the threshold using the non-parametrical
minimum square error optimization procedure suggested by Calonico, Cattaneo, &
Titiunik (2014). Observations within the selected bandwidth are weighted using a triangular
kernel. Finally, standard errors are clustered by age, gender, and metro area. 19 Using these
baseline specifications, Table 3 shows the results for the estimation of 𝛽3 for different travel
modes. The table first presents the absolute discontinuity in the average number of trips, followed
by the relative corresponding value given the counterfactual number of trips in the absence of the
policy.20

19

Appendix D shows the consistency of these estimates compared with alternative RD specifications and parameters.

20

Appendix E illustrates the interpretation of each of these coefficients.
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FIGURE 3: AVERAGE NUMBER OF TRIPS BY MODE
AND BY AGE DISTANCE TO FARE EXEMPTION THRESHOLD

Notes: Each dot indicates the average number of trips by distance in age to the seniors’ fare exemption threshold
age. Panel A shows the average number of trips by all modes combined. Panels B, C and D present the average
number of trips for different modes
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TABLE 3: FARE EXEMPTION EFFECT ON THE AVERAGE NUMBER OF TRIPS BY MODE
Trips by Travel Mode
All Modes

Public
Transit

0.051

0.068

(0.036)

(0.021)

0.044

0.228

(0.032)

Private
Vehicle

Walking

0.008

-0.031

(0.028)

(0.022)

0.015

-0.096

(0.071)

(0.053)

(0.068)

Yes

Yes

Yes

Yes

Bandwidth (yrs.)

8

8

8

8

Polinomial Fit Degree

1

1

1

1

Triangular

Triangular

Triangular

Triangular

Fare-free effect 1
Absolute

Relative

Covariates 2

Kernel
Observations

30,069

30,069

**

**

30,069

30,069

Notes: º p<0.1; * p < 0.05; ** p < 0.01; *** p < 0.001. 1 Absolute effect refers to the chages in
the average number of trips. Relative effect is the coefficient between the absolute effect and the
counterfactual number of trips in the absence of the policy at the cutoff value. For example, a coefficient
of 0.5 indicates an increase of 50% on average.
metropolitan area, income, and gender.

2

Covariates include working status, car ownership,

In line with the graphical evidence presented in Figure 3, the main impact of the policy is an
increase in the demand for public modes. The point estimate for public transit indicates that the
fare-free policy increases the average number of trips of beneficiaries by 0.051 trips per capita,
which corresponds to an increase of 22.8% in ridership among beneficiaries. With respect to the
other modes, the results are not statistically significant at a 10% confidence level, thus a null effect
cannot be rejected. The point estimate for trips by private vehicles is the smallest in magnitude,
and if anything, positive, which indicates a relatively precise null effect of the policy on the
demand for private modes. In conclusion, a positive effect of the policy on the demand for public
transportation is apparent, but the results do not indicate any significant effect associated with
mode substitution.
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3.3. Testing for Unobserved Disruptions at the Policy Threshold
The primary threat to the validity of previous estimates is the existence of unobserved
shocks that could affect travel behavior and be correlated with the age threshold used for defining
the eligibility of the policy. This is particularly concerning in this empirical setup because the age
cutoffs used for fare exemption eligibility are equivalent to the cutoffs used for other policies and
benefits for seniors. Some examples include the minimum age to begin collecting social security
benefits in Brazil (60 years for women, 65 for men), 21 preferential lines in public offices, banks,
and other services (60 years),22 preferential parking spaces (60 years),23 and reserved seats on
public transportation (60 years).24 If the eligibility for these other benefits were to affect the
demand for public transportation and other modes, then the RD estimates would not be capturing
the causal effect of the fare exemption policy, but instead, the combined effect of all these benefits.
To begin investigating this question, I verify the existence of age trend discontinuities in
observed variables that are unlikely to be caused by the fare exemption policy. To test the
existence of these discontinuities, I estimate a model similar to the one employed to estimate the
main results. However, instead of using number of trips as the dependent variable, I use observed
characteristics of individuals such as working status, vehicle ownership, education, place of
residence, and household income. Table 4 shows the resulting estimates of these regressions.25

21

http://www.previdencia.gov.br/servicos-ao-cidadao/todos-os-servicos/aposentadoria-por-idade/

22

http://www.planalto.gov.br/ccivil_03/leis/2003/L10.741.htm

23

http://www.prefeitura.sp.gov.br/cidade/secretarias/transportes/autorizacoes_especiais/index.php?p=21225

24

http://www.planalto.gov.br/ccivil_03/leis/L10048.htm

25 Appendix C includes a series of plots showing the graphical association between each of these variables and the running variable

of the RD model.
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TABLE 4: DISCONTINUITIES OF OBSERVED INDIVIDUAL CHARACTERISTICS
Dependent Variables: Changes in Individual Characteristics 1
Retired
Fare-free threshold
Absolute Effect

0.065

***

(0.012)

Relative Effect

0.133

Owns
Vehicle

Employed

-0.035

**

(0.011)
***

-0.126

**

Finished
High School

Household
Income

Leaves in
Capital City

-0.007

-0.011

-40.071

-0.017

(0.012)

(0.012)

(166.334)

(0.012)

-0.012

-0.033

-0.010

-0.027

(0.025)

(0.040)

(0.022)

(0.035)

(0.040)

(0.019)

No

No

No

No

No

No

Bandwidth (yrs.)

8

8

8

8

8

8

Polin. Fit Degree

1

1

1

1

1

1

Kernel

Triang.

Triang.

Triang.

Triang.

Triang.

Triang.

Observations

37,156

37,156

36,906

37,156

15,138

37,156

Covariates 2

Notes: º p<0.1; * p < 0.05;

** p < 0.01; *** p < 0.001.

1,2

same as in Table 3

From this exercise, a significant discontinuity is identified with respect to the employment
and retirement status of individuals. This result is not surprising because the minimum age for
Brazilian workers to begin collecting social security benefits coincides with the fare exemption
threshold for a large portion of the sample.26 For all other variables included in the analysis, the
discontinuities are not significant. However, the existence of a discontinuity in the likelihood of
retirement that coincides with the fare exemption age threshold triggers a warning for the internal
validity of my main RD estimates. Although retirement and employment status are included as
controls in the baseline regressions, the simultaneity between the fare eligibility age and
discontinuities in these variables could still bias my main results if there were specific effects of
these variables on travel behavior at the same threshold age for fare exemption eligibility.
To analyze these possible simultaneous shocks, I explore the earlier fare exemption
eligibility that existed for women in São Paulo. For this analysis, I run two distinct sets of RD
regressions: first, using the subset of observations of women from São Paulo, and second,
restricting the sample to women from Belo Horizonte. In both cases, I use the age of 60 as the
threshold for the RD estimation. Therefore, in the first set of regressions, which uses the data of
26

The threshold is the same for women from São Paulo (60 years), and men from São Paulo and Belo Horizonte (65 years).
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women from São Paulo, the model estimates the true fare exemption effect for that subgroup.
However, in the second set of regressions, which uses the data of women from Belo Horizonte,
the estimations are placebo effects since the fare exemption did not begin at age 60 in that city.
However, if significant travel behavior changes were to occur at 60 that were confounding my
main results, then these effects should be observed in the placebo group.
I additionally explore another aspect of the fare exemption threshold for women in São
Paulo to test for potentially confounding discontinuities.

The eligibility for free public

transportation at age 60 for women in São Paulo was limited to municipal buses. Therefore, I can
also estimate a placebo model for this group that investigates confounding factors affecting the
demand by women for public modes other than bus27 at the threshold age of 60. Since women had
no right to ride on the subway and municipal trains for free at age 60, any discontinuity in ridership
at that age could only be attributed to other unobserved shocks at the threshold.
The results from these two regressions are presented in Table 5.28 In the case of women
from São Paulo, the results mostly mirror what was observed in the pooled estimations. I find a
significant increase in the share of trips by public transportation, a large, but non-significant
reduction in trips on foot, and no significant effects in the case of trips by private vehicle or in the
total number of trips. Supporting the internal validity of the main results, the results associated
with transit sub-modes in São Paulo show that the entire effect on public transit ridership for
women was concentrated in buses, where women had the right to ride for free. Meanwhile, on
rail, where women still had to pay, the changes in ridership were found to be exactly zero.

27

Corresponds primarily to subway and municipal rail.

28 Appendix C shows plots with associations between the dependent variables
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and the age of individuals included in each subgroup of this analysis.

TABLE 5: TRAVEL BEHAVIOR DISCONTINUITIES AT THE AGE OF 60 – SUBSAMPLE OF FEMALES
Dependent Variable: Changes in Trips by Travel Mode 1
All
Modes
São Paulo Women
Absolute Effect

0.132
(0.091)

Relative Effect

0.095
(0.066)

Belo Horizonte Women
Absolute Placebo Effect
Relative Placebo Effect

Covariates 2
Bandwidth (yrs.)
Polin. Fit Degree
Kernel

Public
Transit

0.118 *
(0.056)

0.302 *
(0.142)

Rail3

Private
Vehicle

Walking

0.096

-0.081

(0.071)

(0.056)

0.163

-0.207

(0.120)

(0.144)

-0.063

-0.039

0.011

-0.025

(0.048)

(0.029)

(0.031)

(0.033)

Bus

0.118 *
(0.050)

0.388 *

(placebo
effect)

0.000
(0.028)

0.002

(0.164)

(0.324)

-0.069

-0.126

0.045

-0.072

(0.052)

(0.094)

(0.123)

(0.098)

Yes

Yes

Yes

Yes

Yes

Yes

8

8

8

8

8

8

1

1

1

1

1

1

Triangular

Triangular

Triangular

Triangular

Triangular

Triangular

Notes: º p<0.1; * p < 0.05; ** p < 0.01; *** p < 0.001. 1,2 same as in Table 3. 3 Women in São Paulo were eligible for fare
exemption at age 60 for bus and at age 65 for rail. However, this model is estimated as if the rail benefit also strated at age 60, thus
estimating a placebo effect. In Belo Horizonte, rail represents a negligible share of transit trips, therefore the estimation by sub-mode is
not calculated.

The placebo tests for women from Belo Horizonte demonstrated no evidence of significant
confounding effects at the age threshold in São Paulo. In fact, the results indicate a reduction in
the use of public transportation at the age threshold of 60, although the point estimate is not
sufficiently precise.
All these results indicate that we cannot reject the assumption of no unobserved shocks on
travel demand associated with the fare eligibility threshold age, at least in the case of women from
São Paulo. Therefore, the interpretation of the main results as the causal effect of the fare
exemption policy cannot be rejected.
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3.4. Treatment Effect Heterogeneity
Finally, I investigate the heterogeneity of treatment effects on different groups of
individuals. I run a series of RD estimations using different subsets of the original pooled sample.
Ideally, I would like to estimate the average treatment effect for all relevant combinations of
individual characteristics. However, one of the main limitations of the RDD is that estimations
are restricted to the neighborhood of the running variable threshold, limiting the statistical power
of estimations (Angrist & Pischke, 2008). Therefore, meaningful inference for small subsets of the
population is not feasible with my sample.
Given this limitation, I estimate a series of models using different subsets of my total
sample. First, I compare the results for subsets defined in terms of gender and metropolitan area.
I then investigate how individuals of different socioeconomic backgrounds are differently affected
by the fare exemption, dividing the sample according to income levels, education, vehicle
ownership, and place of residence. The results from all estimations are presented in Table 6, which
shows the estimated relative effects of the policy. In general, the results do not differ from the
main estimates of the pooled model. The larger and most significant effects are positive shocks
on the demand for public transportation. Meanwhile, most coefficients associated with other
modes were not significant. The only exception being a significant reduction of 21.6% in the
number of walking trips for highly educated seniors.
The results do not suggest any significant differences in effects by gender. However, in
the case of metropolitan areas, the effect on ridership was slightly larger in São Paulo (31.3%) than
in Belo Horizonte (17.8%), although the difference between these estimates is not significant.
Additionally, for São Paulo the coefficient associated with the total number of trips was slightly
significant, indicating that the policy effect on transit demand was sufficiently large to become
visible in the overall number of trips in the city.
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TABLE 6: TREATMENT EFFECT HETEROGENEITY
Dependent Variable: Changes in Trips by Travel Mode 1

Sex
Male
Female
Metropolitan Area
São Paulo
Belo Horizonte
Car Ownership
Owns Car
Does not Own Car

All Modes

Public
Transit

0.058

0.237

(0.046)

(0.110)

0.036

0.223

(0.044)

(0.092)

0.092

º

0.313

(0.051)

(0.115)

0.012

0.178

(0.044)

(0.095)

Private
Vehicle

*

Walking

0.038

-0.096

(0.071)

(0.111)

*

-0.004

-0.095

(0.079)

(0.087)

**

0.067

-0.087

(0.082)

(0.124)

º

-0.026

-0.108

(0.078)

(0.083)

0.011

0.165

0.027

-0.159

(0.040)

(0.108)

(0.058)

(0.099)

0.119

*

0.261

**

0.007

-0.039

(0.055)

(0.090)

(0.207)

(0.092)

-0.006

0.149

0.024

-0.216

(0.042)

(0.111)

(0.064)

(0.097)

0.066

0.235

-0.019

-0.010

(0.042)

(0.078)

(0.022)

(0.082)

Yes

Yes

Yes

Yes

Bandwidth (yrs.)

8

8

8

8

Polin. Fit Degree

1

1

1

1

Triangular

Triangular

Triangular

Triangular

Education
High School
No High School
Covariates 2

Kernel
Notes: º p<0.1; * p < 0.05;

** p < 0.01; *** p < 0.001.
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1,2

**

same as in Table 3.

*

The remaining comparisons are related to variables associated with socioeconomic status,
and these comparisons all present similar results. For both the individuals who do not own a car
and those who have not completed a secondary education, the effects of free fares on transit
ridership were larger, which is not surprising since the use of public transportation is concentrated
among less wealthy individuals. In the case of people who owned a car or have completed high
school, the point estimates were still positive, but no longer significant. These results are
particularly relevant as they point to a potential mechanism for explaining the null results of the
policy on mode substitution. The response of wealthier individuals who own private vehicles does
not appear to be a substitution from private to public modes. Instead, for this group we observe a
reduction in trips on foot associated with the policy. This substitution is likely to be associated
with the better transit infrastructure and greater number of urban opportunities in wealthier parts
of the city. Within these regions, it seems likely that one could substitute a trip on foot with a short
transit ride. However, in the case of suburban residents, few opportunities are available at a
walking distance. As a result, the additional transit ridership caused by the fare exemption is more
likely to be associated with longer trips that otherwise would not be made.
While the policy of free public transportation appears to have a greater direct impact on the
demand for public transportation for the more disadvantaged, the effect for wealthier individuals
suggests a substitution away from walking, a result that goes in the opposite direction of reducing
traffic related externalities.
5. Conclusion
This paper has investigated how a policy of free-fare public transportation affects the travel
behavior of beneficiaries. I have first shown that, in general individuals who have the right to
travel for free do take advantage of this benefit when riding public transportation.

Next, I have

shown that the policy is associated with a significant and consistent increase in average transit
ridership. I ruled out the hypothesis that this effect could be associated with unobserved shocks
concomitant with the policy threshold. Finally, I’ve presented some evidence that suggests that
the policy effect is higher for individuals with lower socioeconomic characteristics and who do
not own a car.
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With respect to mode substitution, I have not found any evidence of a reduction in the use
of private vehicles associated with the eligibility for free public transportation. If anything, we
found some evidence suggesting that wealthier individuals may actually be substituting walking
trips for public transportation due to the fare exemption policy.
If we assume that these results extend to the general population, then contrary to the policy
recommendations from Basso & Silva (2014) and Parry & Small (2009), subsidizing the public
transit fare may be of limited effectiveness for reducing the social costs associated with the
externalities of private vehicles use. Instead our results favor the analysis of Storchmann (2003),
who argued that automobile externalities should not be answered by transit fare subsidies and that
externalities would be better addressed by policies aimed to directly internalize external costs.
While the results from this analysis may not be directly generalized to other contexts or
other groups of individuals, understanding the outcomes of transit subsidization for seniors in
Brazil is an important question on its own. The Brazilian national Constitution requires that urban
public transportation should be free of charge to all elderly individuals. Therefore, understanding
how the policy affects its beneficiaries is important for policymakers in the country, especially
considering the aging characteristic of the Brazilian population. Demographic projections indicate
that by 2030 the share of trips made by individuals who are eligible for fare exemption will increase
by 50.8% (Pereira, Carvalho, Souza, & Camarano, 2015). Therefore, government expenditure to
provide fare-free public transportation to seniors is expected to increase substantially if the existing
eligibility rules remain unchanged. Compelled by this scenario, policymakers are currently
reviewing the eligibility rules for fare exemption,29 and the results from this paper can be used to
inform this policy debate.

29

See for example, http://goo.gl/yhGZU7.
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Appendix A: Seniors’ Free-Fare Eligibility
As discussed in section 2, all individuals who are 65 years old or above are eligible to ride
public transit for free in all Brazilian cities. In 1993, the city of São Paulo extended the fare
exemption eligibility on municipal buses to women 60 to 64 years old. In 2013 the earlier threshold
age was further extended to men and to all types of public transit. Therefore, Figure A1 illustrates
the different fare exemption criteria by age, gender and city included in the analysis.

FIGURE A1: TIMELINE OF FARE-FREE ELIGIBILITY FOR SENIORS BY AGE AND BY CITY
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Appendix B: Frauds in the Use of Senior’s Transit Cards
An important concern when estimating the effects of the fare-free policy on ridership is the
possibility of fraud. For example, those ineligible for the benefit can use fraudulent identification
or use the transit cards of eligible seniors. If too many individuals do not abide by the rules of the
policy, then the estimation of policy could be biased towards zero. Unfortunately, the exact
number of people committing fraud is not easily identifiable. In 2015, the Transit Agency of São
Paulo implemented a system of facial recognition in the ticketing machines of some buses, and in
that same year, 3,337 people were caught using the senior transit cards of others. However, when
compared to the 1.09 million senior transit cards active in 2015, the number of fraudulent users
detected accounted for only a small fraction of the total.1 Therefore, unless the total number of
frauds is much higher than the number of individuals currently discovered as committing such
crimes, this specific issue is unlikely to greatly bias the main estimates of the paper.

1

The number of repealed transit cards was based on the information provided by the São Paulo Transit Agency due to Request 12.472 of the Law
of Access to Public Information. The total number of activated senior cards is based on Request 14.536.
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Appendix C: Graphical Analyses of Additional Variables by Age
In this Appendix, I include additional plots showing the relationship between other
variables by age or by distance in age to fare exemption threshold. On Figure C1, I present a set
of figures that are closely related to Figure 1 in the main paper. However, instead of showing the
average number of trips in general, each plot shows the average number of trips by age for different
sub-modes or for different types of trip motivation. All figures present a similar general continuous
pattern that resemble an inverted U shape. However, some sub-modes such as walking or public
transit have higher average values associated with younger ages. The same is valid for working
trips. Meanwhile, driving and non-working trips have a peak at older ages.
On Figures C2 and C3, I focus on the number of trips by age for older adult women. The
plots are separated by mode, and while Figure C2 shows the values for São Paulo, Figure C3
present the same plots for Belo Horizonte. From these figures, it can be seen that there is no clear
discontinuity in the number of trips by public transit for women at age 60 in Belo Horizonte,
although a hike is observed at age 65. Meanwhile, a discontinuity at age 60 is apparent in the case
of São Paulo, where women at age 60 become eligible to ride municipal buses for free at this lower
age threshold. For all other variables and subgroups, no clear discontinuity can be observed.
Finally, Figure C4 shows the plots for the average values of different covariates by the
distance in age of individuals to the fare exemption threshold. While the figures suggest mostly
continuous relationships for all variables, there seems to exist some discontinuities for the number
of retired individuals and workers exactly at the fare exemption threshold ages.
discontinuities are confirmed by the estimates presented on Table 4 at the main text.
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These

FIGURE C1: AVERAGE NUMBER OF TRIPS BY AGE AND BY SUB-MODE OR TRIP MOTIVATION

Notes: Each dot corresponds to the average number of trips, by mode or motivation, that were made by individuals
of each age in the pooled dataset that includes all individuals from the São Paulo household travel surveys of 2007
and 2012 and the Belo Horizonte household travel surveys of 2002 and 2012
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FIGURE C2: TRAVEL BEHAVIOR BY AGE AND BY MODE
OLD ADULT WOMEN FROM BELO HORIZONTE
Belo Horizonte

Notes: Each dot corresponds to the average number of trips, by mode, that were made by women of each age in the
pooled dataset that includes all individuals from the Belo Horizonte household travel surveys of 2002 and 2012.
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FIGURE C3: TRAVEL BEHAVIOR BY AGE AND BY MODE
OLD ADULT WOMEN FROM SÃO PAULO
São Paulo

Notes: Each dot corresponds to the average number of trips, by mode, that were made by women of each age in the
pooled dataset that includes all individuals from the São Paulo household travel surveys of 2007 and 2012.
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FIGURE C3: PLOTS OF COVARIATES BY DISTANCE IN AGE TO FARE EXEMPTION THRESHOLD

Notes: Each dot corresponds to the average value of each variable age distance to the fare exemption threshold for
each individual, which varies by gender and by city.
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Appendix D: Robustness of Results to Alternative RD Parameters
In this Appendix, I present the robustness of the main results to alternative parameters and
specifications of the RD design. Figure D1 includes the estimated effect of the exemption policy
on travel behavior. Each panel corresponds to the different modes that are also analyzed in the
main baseline model. The black dots correspond to the point estimates of each model, and the
black lines are the 95% confidence interval of these estimates. The purple shaded area is the 95%
confidence interval for the estimated effect by the baseline model for each mode. The top row in
each panel presents this baseline estimation. The next rows are estimates based on different
degrees of polynomial fits for the function describing the relationship between the running and
dependent variables. Overall, the highest the polynomial degree, the less precise are the estimates.
In the case of the policy effect on transit trips, the 3rd degree polynomial fit leads to a point estimate
that is higher than the 95% upper bound of the baseline model, though this point estimate is very
unprecise and not statistically different from zero. Next, different bandwidths are used, going from
4 to 16 years. In the case of smaller bandwidths, the precision of estimates is also reduced. For
all other larger bandwidths, the results are robust. Similarly, the results using different kernel
functions do not lead to significant changes in the estimates. Clustering standard errors by agegroup and by Metropolitan area slightly increases the precision of the estimates. No significant
differences are observed by excluding the covariates from the estimations. Finally, by using robust
bias correction, results become less precise, but not statistically different from the baseline
estimates. In summary, except for the 3 degree polynomial fit for public transportation, all
alternative point estimates are within the 95% confidence interval of baseline results.
Additionally, on Figure D2 I estimate the baseline model using placebo values for the
policy threshold age. The idea behind this test is that a significant effect should only be observed
at true threshold age. The results from these tests show that indeed, a significant policy effect is
only observed in the case of the number of trips made by public transportation and when the
threshold age is set at the true value of the policy
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FIGURE D1: ROBUSTNESS OF RESULTS TO ALTERNATIVE RD PARAMETERS AND SPECIFICATIONS

Notes: Each dot corresponds to the point estimate of policy effects given each alternative model specification. The
black lines are the 95% confidence interval of each point estimate. The purple shaded area is the 95% confidence
interval of the baseline policy effect estimate.

33

FIGURE D2: ROBUSTNESS OF RESULTS TO PLACEBO CUTOFF AGES

Notes: Each dot corresponds to the point estimate of policy effects given each alternative threshold age
specification. The black lines are the 95% confidence interval of each point estimate. The dashed blue vertical
lines correspond to the baseline policy effect at the true threshold age for each mode. The yellow shaded area is the
policy threshold age. This exercise excludes women from São Paulo who have a different exemption threshold
age.
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Appendix E: Absolute and Relative RD Estimates
This appendix presents a minimalistic example that helps illustrate the interpretation of
coefficients presented in the main result tables of the paper. The absolute effect is the absolute
value of the discontinuity in each series, represented on Figure E1 below by the red bar and that
has a value of 0.2 in the example. The relative effect is calculated as the ratio between the absolute
effect and the counterfactual value of the dependent variable at the threshold in the case the policy
did not exist. In the example below, this counterfactual value is represented by the golden bar and
has the value of 0.4. Therefore, the relative effect of this example is calculated as 0.2/0.4 = 50%.
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