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1 Introduction

In contemporary society, the concept of sustainable mobility holds paramount significance,
extending beyond mere emission reduction. It encompasses the assurance of a transportation
system that is not only eco-friendly, but also secure, affordable, and accessible, ensuring an
elevated quality of life and facilitating seamless journeys (Banister 2008). However, the prevailing
dominance of car-centric lifestyles underscores the inherent unsustainability of this paradigm.
The appeal of automobile dependency persists due to its low fixed and variable costs, coupled
with its ready accessibility. Moreover, the emergence of events like the COVID-19 pandemic has
further strengthened car reliance, driven by a desire for personal protection, thus augmenting
the already heightened dependence on automobiles.

Yet, this growing car-centric culture carries detrimental consequences, including noise and
air pollution, traffic congestion, and the fragmentation of landscapes (Pojani and Stead 2015).
Moreover, this mode of transportation exacerbates inequalities as not all individuals have access
to cars, leading to societal discrimination (Lucas 2012). Given these challenges, the prevailing
transportation trends are clearly unsustainable in the long run. Thus, novel strategies are
imperative to foster environmental sustainability and societal progress. Encouraging the use of
public transportation and other eco-friendly modes of travel is a pivotal approach in this
endeavor, with the implementation of free fare transport emerging as one such policy (Straub
and Jaros$ 2019).

This project seeks to examine the implications of adopting the Fare-Free Public Transport
policy in Alexandria during and after the COVID-19 era. The investigation will encompass an
analysis of its impact on modal shifts and transit ridership, its contribution to equity and
accessibility, as well as its influence on customer satisfaction. Through this comprehensive
exploration, we aim to glean insights into the potential of fare-free transport to shape more

sustainable and inclusive transportation systems.
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2 Literature Review

2.1 FFPT definition

Fare-Free Public Transport (FFPT) is a policy that entails the elimination of fares within public
transport (PT) systems. Originating in the 1960s and 1970s as a response to the escalating use of
cars, this policy has been adopted in approximately 100 cities worldwide with the aim of
encouraging public transportation usage (Baum 1973; Hess 2017). Various municipalities have
adapted this policy to suit their specific needs and local transportation characteristics.

One such adaptation is the comprehensive implementation of FFPT on the majority of routes
and services within a PT network. This approach has been embraced in Hasselt (Belgium), Templin
(Germany), and Aubagne (France) (Fearnley 2013; Storchmann 2003; Van Goeverden et al. 2006).
Additionally, alternative schemes include temporary FFPT, applicable during brief periods like
emergencies, as observed in Stavanger (Norway) (Kebtowski 2020). Another variant is temporary-
limited FFPT, which is confined to specific regular timeframes and was introduced in Milton
(Canada) and Haag-Leidan (Netherlands) (Straub and Jaro$ 2019).

Spatially limited FFPT, focusing on specific sections of the PT network or modes of transport,
has been implemented in locations like Haag-Leiden (Netherlands), Boston (United States), and
Emeryville (United States) (Kebtowski 2020; Straub and Jaro$ 2019). Similarly, socially limited
FFPT, catering exclusively to specific user groups, has been put in place in various regions such as
Corvalis, Oregon (Oregon State University, USA), Logan, Utah (Utah State University, USA), and
Scotland (United Kingdom) (Straub and Jaro$ 2019).

Beyond the diverse forms of FFPT adopted by municipalities to address the unique needs,
characteristics, and objectives of specific cities, the motivations and goals driving the utilization
of FFPT also exhibit variation. These motivations can be grouped into distinct categories.
Primarily, environmental objectives take precedence. These include alleviating traffic congestion,
curbing air and noise pollution, and diminishing reliance on automobiles by fostering a transition
from cars to public transportation (Cats, Susilo, and Reimal 2017). In addition, the literature also
reflects an array of social goals. This encompasses the augmentation of mobility, the

establishment of a more equitable transportation system, the mitigation of traffic accidents, and
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the enhancement of overall quality of life. This is achieved by furnishing improved access to
employment opportunities, essential services, and recreational activities, thereby creating a
more inclusive and accessible urban environment (Volinski 2012).

Complementing these aspirations are the economic considerations that underpin the
adoption of FFPT. The economic advantages associated with FFPT are manifold, encompassing
reductions in the costs of production, collection, and the entire accounting system of tickets.
Particularly in smaller cities or transport systems, these benefits can yield resources that can be
redirected towards the operation of FFPT, further reinforcing its viability (Van Goeverden et al.

2006).

2.2 FFPT pros and cons

FFPT, despite its global adoption, remains a highly contentious policy due to its wide range of
advantages and drawbacks. It carries certain deficiencies concerning its utility, efficiency, and
impact on economic growth (Storchmann 2003). One notable downside is its potential to strain
public transportation networks financially by promoting financially unproductive mobility (Baum
1973). FFPT's implementation tends to decrease fare-generated revenue while simultaneously
driving up costs linked to maintenance, security, and heightened demand from passengers. From
this perspective, FFPT is most likely to be successful within smaller public transport systems,
where both ticketing revenue and passenger demand are relatively modest (Fearnley 2013).

Another key criticism aimed at FFPT revolves around its limited ability to prompt a significant
shift from private vehicles to public transportation (Cats, Reimal, and Susilo 2014; Cats et al.
2017). In certain cases, particularly in the United States, even though this policy has led to a
ridership surge of 20% to 60%, only a modest 5% to 30% of this increase can be attributed to a
transition from private cars, as noted by (Volinski 2012). The predominant share of modal shifts
prompted by FFPT involves individuals who already cycled, walked, or previously utilized public
transportation (Kebtowski 2020).

Apart from the criticisms directed at FFPT, it garners support from a diverse array of
historians, sociologists, and academic researchers (Kebtowski 2020). Their stance posits that FFPT

not only yields operational cost savings, promotes a modest shift from cars to public
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transportation, and alleviates the externalities associated with car traffic, but also contributes to
a broader social and political transformation. In terms of financial advantages, FFPT holds the
potential to augment local budget revenue by facilitating an increase in local taxes, as exemplified
in the case of Tallinn, Estonia (Kebtowski et al. 2019).

Furthermore, FFPT could foster modal shifts by enabling faster boarding, reducing dwell
times, and achieving higher commercial speeds (Volinski 2012). Contrary to criticism that
suggests these modal shifts primarily pertain to walking and cycling, some studies indicate that
in certain programs, this policy can indeed result in a reduction in car usage (Brown, Hess, and
Shoup 2003).

The interplay of these pros, cons, and conflicting findings underscores the complexity of the
FFPT debate, demonstrating that the effectiveness and impacts of this policy are context-

dependent and multifaceted.

2.3 Covid-19 implication

The implications of COVID-19 have introduced a complex dynamic to the realm of public
transportation (PT). Fearing the potential transmission of the virus on PT vehicles, there has been
a notable shift towards personal automobiles, which are perceived as a safer mode of travel
from an epidemiological standpoint (Adey et al. 2021; Basu and Ferreira 2021). This shift poses a
significant challenge, potentially prolonging the return to pre-pandemic levels of ridership.
However, it's worth noting that there is limited evidence to support disease transmission via PT
(Howland et al. 2020; Schwartz 2020).

In response to the pandemic, PT agencies have taken measures to instill confidence in their
services. This includes investing in the thorough sanitation and cleaning of their fleets, along with
the provision of free personal protective equipment (Goldberg 2021). Additionally, a noteworthy
response has been the abolishment of fare collection by most PT agencies in the US, thereby
offering Fare-Free Public Transport (FFPT) to encourage usage and address concerns related to
both health and economic constraints.

Prior to the COVID-19 pandemic, the implementation of Fare-Free Public Transport (FFPT) in

the United States was prevalent in three distinct types of localities: college towns, tourist resort
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areas, and small urban or rural communities (Kebtowski et al. 2019). However, in certain locations
such as Kansas City, Missouri; Thurston County, Washington; and Alexandria City, Virginia, FFPT
had not been put into effect until the onset of the pandemic (Goldberg 2021).

Exploring the implementations of FFPT by different agencies during the COVID-19 period
reveals a nuanced landscape. While the policy aspires to foster equitable access to public
transportation, providing justice and usage opportunities for diverse groups of people, its
tangible contribution to this concept varies across agencies. Additionally, the effectiveness of
FFPT diverges among these agencies, underscoring the intricate interplay of local circumstances
and contexts (Goldberg 2021).

Indeed, as highlighted earlier, Fare-Free Public Transport (FFPT) manifests in diverse forms
and serves varying goals across different societies. The contentious discourse surrounding its
advantages and drawbacks in different localities, each characterized by unique transit dynamics,
emphasizes that findings from previous studies cannot be simply extrapolated from one location
to another. This underscores the need for context-specific analyses.

Furthermore, the dearth of comprehensive studies evaluating the effectiveness of FFPT
implementation during the COVID-19 pandemic, specifically in terms of its impact on commoning
public transportation mobility, enhancing accessibility, and promoting equity, accentuates the
necessity for insights derived directly from real-world, localized, and full-scale FFPT
implementations. Such data would offer a clearer understanding of FFPT's implications in the
face of evolving challenges, contributing to a more informed approach to policy formulation and

decision-making.

3 Data Collection

3.1 The Survey

3.1.1 The Survey Questionnaire

The survey questionnaire is comprised of FILL sections. The first elicits information about the

number of motor vehicles available to the respondent’s household, and the specifics of the

Page | 10



vehicle the respondent used most often, including make, model, model-year, fuel economy and
miles driven in the last 12 month:s.

The next section inquired about the use of different types of private and public
transportation. How often did the respondent use, in descending order, their own motor
vehicles, the bus, Metro rail, taxis or Uber, or a bicycle in the last month? How often did they
walk to their destinations? We offered five possible response options ranging from “daily” to
“never.” We then asked the respondent the same questions, but for August 2021 (just before the
free bus policy in Alexandria). If the respondent indicated a change in their use of public
transportation since the previous year, we further inquired about the reasons for such a change.

Section 3 asked respondents whether they were aware of fare discounts or the availability
of free surface or underground public transportation where they live. Residents of Alexandria
were then informed that bus rides had been free of charge in their city since September 2021
and asked to indicate if and how they had changed their transportation patterns as a result.
Residents of other areas where the buses are generally not free were then asked what they would
do if bus rides became free. We anticipated that in some cases people living at our control
locations might mistakenly say that bus rides are free in their area, in which case we asked if and
how their travel patterns had changed as a result.

Section 4 of the questionnaire is a one-day trip diary similar to that used in the National
Personal Transportation Survey or in Regional Travel Survey. Section 5 is limited to people that
have used the bus in the previous four weeks and asks basic information about their most recent

bus ride. Section 6 gathers socio-demographic information and concludes.

3.1.2 Survey Administration

The survey questionnaire was programmed in Qualtrics and administered to a total of 997
respondents recruited from the Qualtrics panel in Alexandria (N=338), Washington, DC, and the
counties in the DC metro area directly abutting Washington, DC (N=659). We imposed the
requirement that the sample be comprised of an even number of men and women, and be
stratified for income, with 25% of the respondents in each quartile of the distribution of

household income in the area. In the 12 counties and cities covered by the survey, the first
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quartile of household income was, at the time of the survey, $55,000; the second was 100,000,

and the third $165,000.

3.2 The Traffic Count Data

In order to analyze the variations in local traffic patterns following the implementation of the
free bus system, we obtained traffic count data from the Virginia Department of Transportation.
Our data request encompasses all the local roads depicted in Figure 1, given that the local buses

exclusively operate on these routes.
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Figure 1 Road segments with traffic counts in between 2018-2021

4 Descriptive Statistics of The Data

4.1 The Survey

We obtained a total of 997 completed questionnaires from 338 subjectsin the treatment location
and 659 at the other locations (see Table 1). Since Frederick Co. never discontinued the free ride

policy it adopted at the beginning of the pandemic, we consider our true control group to be
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comprised of 615 persons (659 minus the 44 residents of Frederick). Our respondents completed

the questionnaire between June 24, 2022, and July 5, 2022.

Table 1 Composition of the sample by location. Alexandria = Treatment location; all other locations except
Frederick: Control locations.

location N %
Alexandria 338 33.9
Arlington County 45 451
Calvert County 19 1.91
Charles County 20 2.01
City of Falls Church 9 0.9
Fairfax County 109 10.93
Frederick County 44 4.41
Manassas 12 1.2
Manassas Park 4 0.4
Montgomery County 134 13.44
Prince George's

County 85 8.53
Prince William County 58 5.82
Washington DC 120 12.04

Summary statistics about the sociodemographic characteristics of the sample are displayed in

Table 2. Some 17.15% of the respondents consider themselves Hispanic. The composition of the

sample by race is displayed in table 2. Whites/Caucasians account for over 60% of the sample,

African Americans for some 20%, and Asians for just under 8%. Native Americans and

Hawaiians/Pacific Islanders account for just under 4%. There are no statistically significant

differences across the treatment and control locations in terms of the shares of the various races.

Table 2 Composition of the sample by race. Percent of the sample.

control

locations | Alexandria t test
American Indian and Native Alaskan 1.67 414 -0.37547
Asian 7.89 7.1 0.122693
Black/African American 21.7 19.53 0.363215
Multiracial 1.52 1.18 0.051187
Native Hawaiian and Pacific Islander 0.76 1.78 -0.15338
Other 3.79 5.62 -0.2807
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‘ White/Caucasian

| 6267 | 60.65

0.485565

Compared to the control locations, our Alexandria sample boasts a larger share of the full-time

and part-time employed respondents (88% v. 66%) (Table 3). The educational attainment of the

respondent is similar across Alexandria and the control locations, however, with t tests indicating

that the shares of schooling level are not statistically different (Table 4). This is clearly a highly

educated sample, with more than half of the respondents in each group having a four-year

college degree, a master’s degree or a PhD, or a professional degree. This sample is similar to ASC

results, which shows that more than half of the people in this area have bachelor’s and graduate

or professional degrees.

Table 3 Composition of the sample by employment status. Percent of the sample.

ET or PT homemaker,
employed studepts, or other total
retired
Alexandria 88.17 11.54 0.30 100
Control locations 66.02 29.59 4.39 100
Table 4 Share of the sample by educational attainment.
control
locations | Alexandria | t test
Less than high school 0.0179 0.003 0.22
High school graduate 0.1724 0.1686 0.06
Some college 0.2016 0.1716 0.50
2-year degree 0.0829 0.0976 -0.23
4-year degree 0.2618 0.2544 0.13
Post-graduate
education 0.2098 0.2337 -0.40
Professional degree 0.0537 0.0710 -0.26

Both the treatment and control group mirror the area’s household income quartiles (Table 5).

Table 5 Distribution of the sample into the area’s household income quartiles.
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Income | control
quartile | locations | Alexandria

1 24.55% 25.74%
2 24.23% 26.92%
3 26.83% 21.89%
4 24.39% 25.44%

Table 6 reports the percentages of the Alexandria and control location samples that use the bus
on a daily basis, 3-5 times a week, 1-2 times a week, occasionally, and never. The table shows
that Alexandria residents are more likely to take the bus and were more likely to take the bus
than residents at the control locations—both before and almost a year after the implementation

of the free bus policy.

Table 6 Usage of transit before and with the free bus program. Percentage of the treatment and control groups.

Daily 3-5times a week 1-2timesaweek Occasionally Never

. Before 6.8% 14.2% 16.9% 26.9% 35.2%
Alexandria

After 8.0% 17.5% 16.0% 23.7% 34.9%

Control Before 5.0% 5.9% 10.7% 16.4% 62.0%

After 5.2% 8.8% 9.3% 20.0% 56.7%

The figures in table 4 suggest very small changes in the shares of the respondents who take the
bus with any frequency in the year since the beginning of the policy. At control locations, the
number of respondents who “never” take the bus has fallen by about 5%, and that of persons
that take the bus 1-2 times a week has fallen by 1.4%. These persons appear to have moved to
the “occasional” and “more than 1-2 times a week” categories, making a very small individual
impact on each of these categories. Among the residents of Alexandria, there has been a small
decline in the shares of users that take the bus “never,” only “occasionally” or 1-2 times a week,
and a small increase in the shares of daily (1.2%) and 3-5 times a week (3.2%) users. These

increases are not statistically significant at the conventional levels when taken individually.

4.1.1 Do People Know about the Free Bus Program?

We posit that respondents have correct knowledge of DASH’s free bus program if they say that
free bus rides are available to everyone in their area. In Alexandria, 73.67% of the respondents

are not correctly informed about the free bus rides. Based on the results of DID model, the effect
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of the program is 5% to 9% higher among respondents who are aware of the policy, but the effect
is not statistically significant in two cases out of three.

When asked what they did since the inception of the free bus program, 108 (31.95%) of our
Alexandria respondents said that they took the bus more often, 24.56% said they actually used
the bus less often, an equal number (53) said that they took Metrorail more or less often, 24%
said that they used their car more often, 13% said that they used the car less often, and 25% said
that they had not changed their habits at all. These categories are not mutually exclusive, and it
was possible for the respondents to select more than one response category.

We checked the survey responses of the 108 people who said that since the introduction of
free bus rides they had been riding the bus more often. For almost 80% of them (79.62%, to be
precise) the reported frequency of bus use in the previous month is indeed greater or equal to

that reported in August 2021.

4.2 The Traffic Count Data

The count stations located on local roads are not permanent fixtures; instead, they are typically
temporary installations that remain in place for 6-48 hours, depending on the specific objectives
of data collection. This duration may vary depending on whether the data collection is part of
routine monitoring or a roadway improvement project, and these temporary stations are
typically set up every 2-5 years. Ideally, we aimed to gather data immediately before the
implementation of fare-free buses (prior to September 2021) and immediately after that period
for each count station. However, the data obtained from the Virginia Department of
Transportation (VDOT) are unbalanced in terms of both duration and time period.

The data were collected at different stations and during different time periods, resulting in
an absence of counts available both before and after the fare-free bus implementation at any
given station. For instance, certain stations have counts from before September 2021, along with
older data collected in 2018, while others have data collected after September 2021, along with
older data collected in 2019. Furthermore, the COVID-19 pandemic presented an additional
challenge in identifying traffic patterns. The traffic patterns experienced significant changes in

2020-2021 due to COVID-19-related factors such as shelter-in-place orders (Du 2020; Du et al.
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2021; Du and Rakha 2022). It is imperative to account for this interference in the data analysis.
Additionally, traffic volumes naturally fluctuate over time due to factors such as the number of
registered vehicles, economic conditions, traffic improvement projects, and changes in travel
behavior.

To establish a comparative framework capable of accommodating the disturbances caused
by COVID-19 and accounting for normal traffic fluctuations, we implemented a data filtering
process. We selected all count stations with at least 24 hours of available data in both the year
2021 and 2018. These stations were then divided into two groups: Group 1 consisted of stations
with counts available in both 2018 and 2021 before the fare-free bus system was implemented,
while Group 2 comprised stations with counts available in both 2018 and 2021 after the fare-free
bus system was implemented. The objective was to identify changes in traffic volumes between
these two groups and determine if the changes were consistent. The resulting numbers of count
stations were 30 stations (each with 2 directions) for Group 1 (before the fare-free buses) and 62
stations (each with 2 directions) for Group 2 (after the fare-free buses). We calculated the daily
traffic counts for each station and plotted the two groups against each other. Figure 2
demonstrates that the trend lines for the 2018 versus 2021 counts before the fare-free buses and
the 2018 versus 2021 counts after the fare-free buses are closely aligned, suggesting similar
changes at these stations. A two-sample T-test comparing the two groups yielded a p-value of
0.26, indicating that the test does not reject the null hypothesis that the two groups follow the

same distribution.
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5 Conclusion

This project endeavored to gain insight regarding the public response toward the fare-free public
transport (FFPT) policy through a meticulously designed survey. This survey encompasses
respondents' socio-demographic details, their daily trip information, and their pre- and post-
policy public transportation usage. Conducted in Alexandria, Washington, DC, and neighboring
counties within the DC metro area where FFPT is implemented, the survey segregates
respondents into treatment and control groups. Descriptive statistics show that there is minimal
variation in most socio-demographic variables between the treatment and control groups. Notably,
residents of Alexandria exhibit a higher propensity to use buses compared to the control group,
both before and after policy implementation.

Regarding awareness of the policy, a majority of respondents were uninformed, while the

policy's impact is more pronounced among those who were aware. Around 32% of respondents
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increased their bus usage following FFPT implementation, with approximately 80% of this subset
utilizing buses more frequently than before.

In addition to the survey, traffic count data for roads serviced by local buses was utilized.
Both pre- and post-FFPT traffic count data sets exhibit similar distributions, suggesting
comparable changes.

In the future work, a second wave of data will be analyzed, paving the way for forthcoming
explorations. These forthcoming endeavors will encompass a more detailed analysis of the
second wave and a comprehensive investigation into FFPT's influence on modal shifts, equity,

accessibility, and customer satisfaction.
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