Transport Policy 120 (2022) 130-138

Contents lists available at ScienceDirect

Tansport Policy

Transport Policy

FI. SEVIER

journal homepage: www.elsevier.com/locate/tranpol

Check for

Who loses and who wins in the ride-hailing era? A case study of e
Austin, Texas

Shengxiao(Alex) Li® " Wei Zhai b, Junfeng Jiao ©, Chao (Kenneth) Wangd

@ Department of City and Regional Planning, Weitzman School of Design, University of Pennsylvania, Philadelphia, PA 19104, United States
Y Department of Geography, Hong Kong Baptist University, Hong Kong SAR, China

¢ Urban Information Lab, The University of Taxes at Austin, Austin, TX 78712, United States

4 Department of Statistical Science, University College London, London, WCIE 6BT, United Kingdom

ARTICLE INFO ABSTRACT

Keywords: Ride-hailing has redefined vehicle access and has the potential to reduce travel difficulties for transit-poor areas
Ride-hailing and people with poor access to private and public transportation resources. Due to the lack of data, current
Automobile

studies lack a holistic understanding of how transportation resources serve different social groups and places in
the ride-hailing era in low-density areas. This study uses multiple sources of data in Austin, Texas to understand:
(1) how ride-hailing usage, transit supply, and vehicle ownership distribute across neighborhoods with different
densities, income, and racial and ethnic compositions; (2) who are ride-hailing users among those with and
without private vehicles, and how their ride-hailing usage and attitudes towards ride-hailing versus transit differ.
Our study has shown that the ride-hailing services have provided residents living in low-income, low-density
neighborhoods, and neighborhoods with a majority of Hispanics with an alternative transportation mode.
However, residents living in low-density and low-income neighborhoods still use ride-hailing services less
frequently than those living in high-density and high-income neighborhoods. The user survey further shows that
ride-hailing users without private vehicles tend to be racial and minorities or younger people with higher ed-
ucation attainments. Ride-hailing services provide people with a convenient and safe transportation mode,
regardless of their vehicle ownership. Our study shows the importance of ride-hailing in mitigating the social and
spatial disparity and the opportunity of integrating ride-hailing and transit in transportation planning in low-
density areas.

Public transit
Transport equity
TNC

1. Introduction

Ride-hailing services have redistributed transportation resources in a
city. For one thing, it redefines vehicle access and provides flexible
vehicle trips for those who cannot afford vehicles, those who have
physical limitations resulting in driving difficulties, or those who are
always paranoid about finding parking lots in cities (Brown, 2019;
Fleming, 2018). For another thing, it may replace or supplement public
transportation services in different places. While some ride-hailing users
choose ride-hailing services in their access/egress trips, many others
prefer to use ride-hailing services instead of public transit for more
comfortable, convenient, and flexible services (Dong, 2020a; Jin et al.,
2019).

In car-dependent cities developed after the automobile age, such as
Houston in the United States, can ride-hailing services mitigate the
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spatial and social disparities in access to transportation resources? In
particular, can ride-hailing services fill up the travel needs in areas
where vehicle ownership is relatively low and public transit services are
not available? Can ride-hailing services reduce the travel difficulties of
those who do not have access to vehicles and public transportation
resources?

The current literature has three gaps to answer the above questions.
First, the data of almost all existing ride-hailing studies are from a single
source, either ride-hailing GPS data or the ride-hailing user survey.
However, data from a single source cannot provide a complete picture of
answers to the above questions. Second, current studies on low-density
areas and small- and medium-sized cities remain scant. Finally, related
to the second gap, the role of ride-hailing services in transport equity in
low-density areas is not clear in transport policies.

This study aims to fill up the above research gaps by examining the
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spatial and social disparities of ride-hailing services in Austin, Texas, in
the US. We first use ride-hailing service GPS data and other open data to
understand how ride-hailing services, transit services, and vehicle
ownership differ in neighborhoods with different densities and de-
mographic and socioeconomic compositions. We then use a survey on
250 ride-hailing users in Austin to analyze the socioeconomic and de-
mographic attributes of those who have vehicles versus those without
vehicles and their different perceptions of ride-hailing services versus
transit services.

The remaining part of the paper is organized as follows. The next
section reviews the literature on how ride-hailing usage interacts with
private vehicles and public transit at the neighborhood and individual/
household levels. In Section 3, We introduce Austin’s city context and
how we use various data sources to examine spatial and social disparity
in ride-hailing usage. Section 4 presents the spatial and social disparities
of ride-hailing usage at neighborhood and individual levels. The paper
concludes with a summary of the main findings and research and policy
implications in Section 5.

2. Literature review

Ride-hailing services have reshaped the transportation resource
distribution across different places and various social groups. At least
two literature reviews have synthesized the current research and prac-
tices intersecting ride-hailing services and transport equity (Dill and
McNeil, 2020; Palm et al., 2020). This section focuses on spatial and
social disparities of ride-hailing services at the neighborhood and indi-
vidual levels.

2.1. Spatial and social disparities of ride-hailing services at the
neighborhood level

Ride-hailing services do not serve different areas within a city
equally. Several studies showed that ride-hailing services were more
prevalent in neighborhoods with greater population density, higher
shares of people with young people, non-whites, and those with higher
shares of zero-vehicle households (Brown, 2019; Edwards, 2020; Yan
et al.,, 2020; Yu and Peng, 2019). However, conclusions regarding
ride-hailing usage across neighborhoods of different income levels and
racial/ethnic composition are mixed. While some studies (Brown, 2019;
Edwards, 2020) demonstrated that ride-hailing usage was less common
in high-income neighborhoods, another study concluded oppositely:
ride-hailing demand was negatively related to the share of low- and
middle-wage workers in a neighborhood (Yan et al., 2020). Edwards
(2020) further noted that high-income and low-income riders had
different hailing preferences. The most evident difference is that
high-income households had higher frequencies of using luxurious ve-
hicles, such as SUVs.

Several studies focused on how well ride-hailing services helped the
transit-poor neighborhoods (Barajas and Brown, 2021; Jiao and Wang,
2020; Jin et al., 2019; Kong et al., 2020; Young et al., 2020). Several
studies found that ride-hailing services supplemented services of places
where public transit services were poor and replaced public transit
services in transit-rich areas, where travel times of two modes were
similar but transit services were more affordable than ride-hailing (Jin
et al., 2019; Kong et al., 2020; Young et al., 2020). However, several
other studies tend to agree that ride-hailing services still underserve
areas with poor transit services and larger shares of transit-dependent
populations. Residents living in neighborhoods whose transit services
dominated by bus services travel had fewer ride-hailing services, while
those living in neighborhoods most of whose transit services were rails
generated more ride-hailing trips (Barajas and Brown, 2021). Similarly,
Jiao and Wang (2020) found that ride-hailing services in New York City,
the US, served the neighborhoods with more extensive transit services
and fewer transit-dependent populations better.
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2.2. Social disparities in ride-hailing usage using individual-level data

While spatial analysis reviewed in Section 2.1 shows the spatial
disparity in ride-hailing usage, aggregated data are not sufficiently
informative in the social disparity of ride-hailing users. As Brown (2019)
acknowledged in her research, the ride-hailing usage of residents living
in a neighborhood masks the heterogeneity of travel preferences and
habits of residents living in that neighborhood. For example, not all
persons living in a low-income neighborhood are low-income. These
studies also shed little light on the underlying reasons for choosing one
travel mode versus the competing ones. National and regional travel
surveys and ride-hailing user surveys are helpful to understand the so-
cial disparities of ride-hailing usage.

Ride-hailing users have some unique socioeconomic attributes
compared to non-users. Collectively, current studies agree that ride-
hailing users, on average, tend to be wealthier, younger, more
educated males (Alemi et al., 2018; Clewlow and Mishra, 2017; Conway
et al., 2018; Gehrke et al., 2019; Grahn et al., 2019; Rayle et al., 2016;
Young and Farber, 2019). Ride-hailing users also tend to be more
tech-savvy. Using data from the Dallas-Forth Metropolitan Area, Lavieri
and Bhat (2019) found that ride-hailing users’ most important trait is
tech-savviness. Intuitively, older adults born without modern technol-
ogies generally use ride-hailing applications much less than younger
generations (Mitra et al., 2019; Shirgaokar et al., 2021; Vivoda et al.,
2018).

Rider-hailing services provide people who lack transportation re-
sources, including transit-dependent people and those without vehicles,
with on-demand alternative travel modes. Several studies found that
ride-hailing services replaced many transit-dependent riders’ transit
trips due to ride-hailing services’ convenience and efficiency (Dong,
2020a; Lavieri and Bhat, 2019). Dong (2020) further noted that females
were more likely to use ride-hailing services for safety concerns on
transit. Ride-hailing services also beat taxi services in several cities due
to their reliability and affordability (Brown and LaValle, 2020; Dong,
2020b; Rayle et al., 2016).

Ride-hailing services also offer vehicle services for those who depend
on vehicles in daily travel but live in zero-car households. Using the
recent National Household Travel Survey of the United States, a recent
study found that people who had constraints in owning vehicles or
driving had more daily trips if they took advantage of the ride-hailing
apps (Blumenberg et al., 2021). Using a regional travel survey in Cali-
fornia, Brown (2017) distinguished “carfree” households who do not
need vehicles from “carless” households that do not have vehicles due to
financial constraints or other limitations. She found that the share of
zero-vehicle households labeled as “carfree” is only 21%. She further
noted that “carless” households had a higher possibility to hold car-
shared program memberships. Though her study did not involve
ride-hailing services, she stated in her later study in Los Angeles (Brown,
2019) that ride-hailing redefined vehicle access for those who do not
have vehicles.

2.3. Research gaps

Together, current studies show the vast spatial and social disparities
of ride-hailing services. However, they demonstrate the following
research gaps. To begin with, almost all studies used either travel survey
data, ride-hailing user data, or ride-hailing GPS data. While the former
two sources show the social disparities of ride-hailing usage and the
underlying reasons at the individual level, their spatial resolution and
coverage underperform the latter source. However, the GPS data show
little evidence intersecting the users’ socioeconomic attributes and ride-
hailing usage.

Second, almost all the studies were conducted in large and dense
cities, such as Boston, Los Angeles, and Toronto, where people have
extensive access to public transportation services. For the massive cities
in the west and south of the US, or other cities developed after the
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automobile age in Canada and Australia, public transportation is inef-
ficient and mainly serves suburban-downtown commuting (Blumenberg
and Manville, 2004; Lucas, 2012). Living in these car-dependent areas is
extremely difficult for those who find owning a car is a financial burden
or those who are physically incapable of driving.

Third, though the most direct implication of ride-hailing services is
providing those without readily convenient access to vehicles with al-
ternatives, it is unclear in the current literature whether ride-hailing
services benefit those without vehicles in car-dependent areas. It is
also unclear on their preference towards ride-hailing services versus
other competing travel modes, such as transit. While some scholars
claim that providing vehicles to low-income people are most efficient to
reduce travel difficulties for those who live in low-density areas (Blu-
menberg and Manville, 2004; Fan, 2012), many others argue that pro-
moting public transportation in car-dependent areas are more
meaningful to correct the historically inequitable transportation finance
across different travel modes, regions, and social groups (Karner and
Niemeier, 2013; Taylor and Tassiello Norton, 2009). With ride-hailing
services, federal and local governments can potentially reduce vehicle
use for many people and use ride-hailing services to integrate public
transportation systems. However, current studies lack the understanding
of the attitudes towards ride-hailing services over the transit of car
owners and those living in zero-car households in the car-dependent
areas.

3. Research design

To fill up the research gaps, we use the ride-hailing GPS data and
other open data and a survey conducted by the University of Texas to
examine the spatial and social disparities of ride-hailing usage in Austin,
Texas. In this section, we first justify why Austin, Texas is a desirable
case by demonstrating the car-dependent nature of the city. We then
introduce the data sources, variables, and analytical techniques for the
analysis at neighborhood and individual levels.

3.1. City context: Austin, Texas

With an area of 790.1 km?, the city of Austin is home to more than
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964,000 people (US Census Bureau, 2019). Austin is a well-known
sunbelt city located in the transitional area between the Southwestern
deserts and the lush, humid regions in the Southeast. Over the past few
decades, Austin’s population has grown rapidly.

Like other sunbelt cities, Austin developed after the automobile age
and depends heavily on daily travel vehicles. According to the report of
Statesman, about 73% of residents in Austin drive alone to and from
work, whereas the public transit usage is only about 5% in 2016 (Wear,
2017). Compared with Texas’s other 4 major cities (Dallas, Fort Worth,
Houston, and San Antonio), only Austin has less than 15 percent
transit-dependent population (Jiao, 2017). The transit supply is pri-
marily concentrated in the downtown (Daganzo, 2010), while the ma-
jority of transit-dependent people, especially the low-income Hispanic
population, are located outside the transit-rich areas and are trapped in
“transit deserts” (Jiao, 2017). As illustrated in Fig. 1, our
neighborhood-level analysis focuses on the city of Austin due to its
multimodal nature. Our individual-level analysis focuses on the Aus-
tin-Round Rock-San Marcos Metropolitan Statistical Area (MSA).

Despite its car-dependence, Austin’s ride-hailing platform provides
exemplary ride-hailing services for car-dependent cities alike. Austin
developed a uniform ride-hailing platform in 2016, RideAustin, which
replaces all TNCs (including Uber and Lyft) and aims to provide
affordable ride-hailing services for all citizens living in Austin.
Compared with the ride-hailing giants such as Uber and Lyft, RideAustin
offers unique travel options. First, RideAustin is a non-profit ridesharing
company founded by the local community, whose funding mainly comes
from local charities and enterprises’ donations. Due to its non-profit
nature, riders can pay less if they use ride-hailing services in Austin.
For instance, the minimum fare to take a ride by RideAustin is $4.00,
which is lower than that of Uber ($5.95). Second, RideAustin offers free
medical trips for low-income people who have trouble affording trans-
portation to and from hospitals (Powell, 2017). Third, for people who
might not have access to a smartphone, RideAustin has worked with
local health institutes to develop an interface that allows patients’
doctors to schedule appointments (Goldenstein, 2017).
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3.2. Neighborhood-level analysis

In the first part of the analysis, we focus on how ride-hailing services,
shares of vehicle ownership, and transit supply vary across neighbor-
hoods with different densities and socioeconomic attributes. We are
interested in how three types of transportation resources distribute
across neighborhoods. In particular, we examine whether the low-
income neighborhoods, those with lower densities, and those with a
majority of racial minorities have lower access to all three types of
transportation resources.

We choose the census tract as the “neighborhood” proxy because it is
the smallest unit that provides sufficient information on socioeconomic
attributes in the analysis. Aligned with previous efforts (Barajas and
Brown, 2021; Brown, 2019; Yan et al., 2020), we analyze neighborhoods
based on the following attributes collected in the American Community
Survey (ACS) 2014-2018 5-year survey (US Census Bureau, 2017): (1)
population density; (2) median household income; and (3) the share of
non-Hispanic whites and Hispanics, and African Americans. We deleted
8 census tracts without information on the above three traits. We
retrieved census tracts’ geographic boundaries in Austin from the To-
pologically Integrated Geographic Encoding and Reference (TIGER)
dataset (US Census Bureau, 2017) with complete information on all
attributes mentioned above. We use the information of 212 census tracts
for analysis. For further analysis, we categorize the neighborhoods into
different subgroups based on the above three traits:

e Density: We classify neighborhoods into low-, middle-, and high-
density ones. While the low-density and high-density neighbor-
hoods are those with bottom and top quartile of population density
among the 212 census tracts, those in the middle 50% in population
density are regarded as middle-density neighborhoods.

e Income: Like neighborhood classification based on density, those
with median income values in the top and bottom 25% are classified
as high- and low-income neighborhoods, respectively. All other
neighborhoods are middle-income neighborhoods.

e Racial and ethnic composition: We identify those with more than
50% of non-Hispanic Whites in their tracts as majority White
neighborhoods. Similarly, those with more than 50% of their pop-
ulations as Hispanics are majority Hispanic neighborhoods. As Af-
rican Americans and other races are dispersed and take relatively
small shares in Austin, few neighborhoods are dominated by other
races. All other neighborhoods whose non-Hispanic whites and
Hispanics are fewer than a half are labeled as “no majority”
neighborhoods.

We measure ride-hailing usage using GPS data collected by the local
TNC RideAustin. RideAustin published an open and big data set which
includes more than 1.5 million trips between June 2016 and June 2017
by users of the RideAustin platform. We selected the trips whose origins
and destinations were located within Austin’s city limit and aggregated
these trips to every census tract. We measure the ride-hailing usage in-
tensity by three variables:

e Pick-ups per 100 people: We calculate the number of pick-ups
divided by hundreds of people living in the census tract. It mea-
sures the usage intensity for a neighborhood as a departure origin.

o Drop-offs per 100 people: We calculate the number of drop-offs
divided by hundreds of people living in the census tract. It proxies
the usage intensity for a neighborhood as a destination.

e Average trip distance per capita: We calculate the average trip dis-
tance for those who depart from the neighborhood.

Our transit supply data comes from the General Transit Feed Speci-
fication (GTFS) data. Following Jiao (2017)’s measurement of transit
supply at the neighborhood level, we measure transit supply using the
number of bus stops and the frequency of transit services per hour.
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When it comes to vehicle ownership, we calculate the percentage of
households with zero cars in each census tract from the ACS data (US
Census Bureau, 2017) as a proxy of vehicle availability at the neigh-
borhood level.

To examine disparities in transportation resources for different
neighborhoods, we utilized a two-means t-test to examine whether ride-
hailing usage, transit supply, and vehicle access are significantly
different across neighborhoods with different levels of densities and
various socioeconomic attributes.

3.3. Individual-level analysis

In the second part of the analysis, we use a survey conducted by the
University of Texas to investigate the disparities of ride-hailing usage
among those with vehicles and without vehicles and how they perceive
ride-hailing against transit differently. This survey aims to examine how
and why people use ride-hailing services for TNC users aged 18 and
older living in Texas’ four largest metro areas. We subset the 250 sam-
ples who lived in the Austin-Round Rock-San Marcos MSA shown in
Fig. 1. The survey was conducted by QuestionPro between October 2018
and February 2019. The university Institutional Review Board (IRB)
approved the survey. Among Austin TNC user samples, 49 responses
lived in zero-car households.

Though the survey supplements the spatial analysis, it has at least
two limitations. As the survey does not contain information on the
transit usage frequency and transit availability, we thus cannot examine
the ride-hailing usage differences across people with different transit
usage patterns. Additionally, the survey did not ask the respondents to
report their residential locations, and the residential built environment.
Therefore, we cannot examine how their transit and ride-hailing usage
are related to where they live.

In the analysis, we first examine who are the ride-hailing users and
how they use ride-hailing services differently among those who have
and do not have private vehicles. This examination involves the com-
parison of socioeconomic attributes (including age, gender, race and
ethnicity, and their highest educational attainment) among TNC users
with and without private vehicles. We also investigate their differences
in ride-hailing usage patterns based on the time of using ride-hailing,
duration of a riding trip, and trip purposes.

Next, we use the responses in the survey to further analyze how ride-
hailing users perceive transit versus ride-hailing services differently for
those who have and those who do not have vehicles. This investigation
shows the underlying reasons for using ride-hailing services versus
public transit among people with different transportation resources.

We use Chi-square t-tests to examine whether the differences in one
trait1 for vehicle owners and non-owners are statistically significant or
not.

4. Findings

4.1. The neighborhood-level spatial and social disparities of
transportation resources in the TNC era

Like many other U.S. cities, Austin is racially and economically
segregated. As shown in panels B and C in Fig. 2, people with higher
income and non-Hispanic Whites are mainly located in the west side. On
the contrary, panels D and E in Fig. 2 show that African Americans
concentrate in the east part of the city, where most low-income people
live. When it comes to the density, as shown in panel A, the densest part
of the city is in the middle part of the city, a transitional belt with

1 For those traits which allow respondents to select more than one option (e.
g. travel time), we examine whether a respondent chooses a specific option or
not is significantly different among vehicle owners and those living in zero-
vehicle households.
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Fig. 2. Density and socioeconomic attributes of Austin’s neighborhoods.

multiracial and multi-income groups. All other parts of the city in the
western and eastern parts are homogeneously low-density.

Fig. 3 shows the spatial distribution of three different types of
transportation resources. It indicates that the core area of the downtown
is the place with the most accessible ride-hailing and public transit re-
sources. As shown in panels A and B in Fig. 3, the ride-hailing service
pick-up and drop-off locations highly concentrated in several downtown
census tracts. The destinations of the drop-off locations were even more
concentrated. Residents living in other low-density areas in the western
and eastern parts of the city used ride-hailing services much less
frequently. When it comes to the trip distance, panel C shows that the
farther an individual lived from downtown, the more distance he/she
tends to travel by ride-hailing.

The transit supply in Austin highly aligns with the density of the

neighborhood. As shown in panels D and E, the census tracts with more
than 6 bus stops and more than 60 transit trips per hour are consistent
with the concentration of high-density census tracts shown in panel A of
Fig. 2.

As for vehicle ownership, the vehicle ownership rates of most Austin
census tracts were higher than 90%, with some exceptions in the high-
density downtowns. Some other census tracts to the east are low-
density but had more than 5% of households that have zero vehicles.
Panels A to D further highlight that these census tracts also had low
access to ride-hailing and public transit services.

In a nutshell, Fig. 3 shows a complex picture of transportation
resource distribution in Austin in the ride-hailing era: the small down-
town area is multimodal with convenient access to public transit and
ride-hailing, which implies that residents living in these areas do not
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need to rely on automobiles. However, many other low-density areas
heavily rely on automobiles, with few alternative transportation
choices. For some other poor neighborhoods with higher shares of racial
minorities, households without vehicles might have more difficulties in
daily travel.

Are low-density, low-income neighborhoods, and neighborhoods
with a majority of racial minorities have disproportional fewer trans-
portation resources? Table 1 presents the ride-hailing usage, transit
supply, and automobile ownership across different neighborhoods.
Ride-hailing services provide an additional transportation alternative
for low-income community residents. Residents living in low-income
communities used ride-hailing services more often than middle-
income communities in terms of the pick-ups and drop-offs , though
people living in these communities had significantly lower vehicle
ownership than middle-income counterparts. Low-income communities
also tend to live in neighborhoods with better transit services measured
by the number of bus stops and transit trips per hour. Residents living in
high-income communities tend to use ride-hailing more and had lower
shares of zero-vehicle households. However, the differences compared
to the middle-income communities are not statistically significant.

The neighborhoods with a majority of Hispanics have better transit
services. Ride-hailing trip origins and destinations also tend to fall in
these neighborhoods more. However, the differences in ride-hailing trip
frequency are not statistically significant compared to the neighbor-
hoods with a majority non-Hispanic Whites. As shown in Fig. 2,
Hispanic-dominated communities in Austin are located in the eastern
part of the city. These neighborhoods are predominately intergenera-
tional family-oriented (Sanchez, 2020). Consistent with Brown (2019),
ride-hailing services provide additional resources for neighborhoods
dominated by racial minorities in low-density areas. As these commu-
nities also have better transit services, it seems that ride-hailing services
have the potential to reduce the travel difficulties for people living in
communities where a majority of the residents are people of color.

Not surprisingly, high-density neighborhoods have better transit
supply and lower shares of vehicle ownership than the middle-density
neighborhoods. However, low-density neighborhoods, surprisingly, are
more frequently chosen as the origin neighborhoods than middle-
density counterparts and have longer average travel distance. The re-
sults demonstrate that ride-hailing services also can supplement travel
needs for low-density, car-dependent neighborhoods.

Table 1
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4.2. Ride-hailing usage among vehicle owners and those living in zero-
vehicle households

Table 2 shows the demographic and socioeconomic attributes and
travel characteristics of ride-hailing users living in households without
and with cars. Compared to TNC users without vehicles, those with
vehicles tend to be older and less educated, though the differences in age
and educational attainment are not statistically significant. While nearly
60% of TNC users without vehicles were aged between 18 and 30, only
less than 50% of TNC users with vehicles were in this age group. While
nearly 1 in 5 of TNC users in zero-vehicle households were African
Americans, only 7% of TNC users among those with vehicles were Af-
rican Americans (see Table 3).

Table 2 further shows that ride-hailing services provide a flexible
transportation mode for people living in low-density areas, regardless of
their vehicle ownership. As the table shows, a large share of the ride-
hailing trips happens in the evenings. More than 6 in 10 people who
owned vehicles and hailed a ride-hailing service in the Austin region had
ever taken the ride after 8 p.m. When it comes to the trip purpose,
84.08% of individuals with cars had the experience of hailing TNC
services for entertainment, while more than 20% of those without ve-
hicles had hailed a TNC for business trips. Though we cannot examine
the locations of these trips based on the survey, ride-hailing services
have various benefits in daily travel, such as lessening the negative
emotions during traffic jams and avoiding worrying about searching
parking lots. Table 2 also shows that for most trips, ride-hailing services
are popular for trips whose one-way travel times were within 15 min,
regardless of the users’ vehicle ownership.

Vehicle owners and those without private vehicles do not show sig-
nificant differences in the primary reasons for choosing ride-hailing
services. As shown in Table 3, half of the respondents among those
who did not have vehicles and 6 in 10 among those who had vehicles
reported convenience as the primary reason for using TNC services. The
second primary reason-safety-is also consistent across the two groups.
More than 30% among those without vehicles and 21.9% of those with
vehicles reported that safety was an important reason for using transit
services. These two primary reasons are consistent with a recent study
(Dong, 2020a) in Philadelphia, Pennsylvania.

However, vehicle owners and those living in zero-vehicle households
who use TNC services have divergent attitudes towards ride-hailing
services’ competing transportation mode-transit. Table 3 further
shows that vehicle owners had a more positive attitude towards ride-
hailing when comparing the relative convenience of ride-hailing

Ride-hailing, transit supply and automobile ownership shares of different neighborhoods in Austin, Texas.

Neighborhood characteristics Number of Ride-hailing

Transit supply Automobile

census tracts

ownership (%)

Pick-ups per Drop-offs per Average travel Numberofbus  Transit trips
100 people 100 people distance per capita stops per hour
Income
Middle-income communities 106 0.75 0.71 2.86 4.60 8.77 97.60
(middle 50%) (reference)
Low-income communities (bottom 53 0.86%** 0.82%** 2.20% 6.31% 14.60%** 96.40%*
quartile)
High-income communities (top 53 3.26 3.34 2.89 2.85 6.13 98.50*
quartile)
Race and ethnicity
Majority non-Hispanic Whites 138 0.10 0.95 2.80 4.04 8.10 97.80
(reference)
Majority Hispanics 48 1.86 1.69 2.50 5.56* 12.70* 97.30
No Majority 26 0.95 0.95 2.56 5.71 11.50 96.80
Neighborhood density
Middle (middle 50%) (reference) 106 0.65 0.70 2.51 5.05 9.42
Low (bottom quartile) 53 0.86* 0.81 3.89% 2.38%%* 5.07%%*
High (top quartile) 53 3.45 3.46 1.88%* 5.87 14.30*
Average 0.47 0.46 2.70 4.59 9.56

Notes: The stars in cells show the significance of two-sample mean t-test values compared to the reference group. *
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p < 0.001, **p < 0.01, *p < 0.05.
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Table 2
Demographic and socioeconomic attributes and travel characteristics of ride-
hailing users living in households without and with cars.
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Table 3
Differences of ride-hailing users’ primary reasons of using ride-hailing and
stated preference of ride-hailing over public transit.

Users living in no- Users living in P-values for Users living in no-car Users who live in Chi square
car households (n households with Chi-square households (n = 49) households with cars (n t-test
=49) cars (n = 201) tests =201)
Demographic and socioeconomic attributes (%) The primary reason of using ride-hailing
Age Affordability 9.09 9.21 0.2
18-25 36.36 28.07 0.2 Convenience 50.00 62.72
26-30 22.73 19.74 Travel time 4.55 4.39
31-35 18.18 15.35 savings
36-45 9.09 21.05 Safety 31.82 21.93
46-55 9.09 10.09 Other reasons 4.55 1.75
55+ 4.55 5.70 He/she thinks ride-hailing services is more ... compared to public transit
Gender More 30.61 96.02 <0.001
Male 27.27 29.15 1.0 convenient
Female 72.73 70.85 More 14.29 38.81 0.002
Race expensive
White 45.46 56.95 0.2 More reliable 4.08 4.98 1.0
Black or African 18.18 7.62
American
Asian 9.09 9.87 5. Concluding remarks
All other races 27.27 25.56
Ethnicity Ride-hailing has redefined vehicl d has th ial
Hispanics 22,79 29,87 1.0 ide-hailing has redefined vehicle access and has the pote.:ntla to
Non-Hispanics 77.98 7713 reduce travel difficulties for transit-poor areas and people with poor
Highest access to private and public transportation resources. Due to the lack of
educational data, current studies lack a holistic understanding of how transportation
Hi:;::l:l:?cim 10.20 50.95 0.2 resources serve different social groups and places in the ride-hailing era.
graduate (GED) or Even less is know in low-density areas, leading to the mismatch between
lower transportation policies and transportation needs.
Some college or 69.39 3.48 This study uses large-scale GPS ride-hailing data, open GTFS and ACS
associate degree data, and a travel survey in Austin, Texas to understand: (1) how ride-
Bachelor’s degree 20.41 46.27 o1s . . . s
and higher hailing usage, transit supply, and vehicle ownership distribute across
Trip characteristics neighborhoods with different densities, incomes, and racial and ethnic
Time of use ride-hailing (%) compositions; (2) who are ride-hailing users among those with and
Early morning 2.04 17.91 0.01 without private vehicles, and how their ride-hailing usage and attitudes
M(()?iirr"l:am) 9945 9338 Lo towards ride-hailing versus transit differ.
(8am. 10am) Our study has shown that the areas with frequent ride-hailing usage,
Early afternoon 12.24 20.40 0.3 dense transit supply, and a high share of zero-vehicle owners concen-
(11am-1pm) trate in downtown Austin. Ride-hailing services have provided low-
Af(tzmo";‘ ) 2041 26.87 0.5 income neighborhoods, low-density neighborhoods, and those with a
pm-4pm — . . . . .
Farly evening 16.33 41.79 0.002 majority of Hl.SpaHICS w1t%1 an alterpatlve transportauo{l mode.. How-
(5pm—7pm) ever, low-density and low-income neighborhoods were still less likely to
Evening (after 8pm)  20.41 60.70 <0.001 be ride-hailing origins or destinations than high-density and high-
Duration of a trip (%) income counterparts. At the individual level, ride-hailing users
0-10 min 50.00 23.25 0.2 . . . - . L
h without private vehicles tend to be racial and ethnic minorities or
11-15 min 13.64 46.05 le with high . ide-haili - .
16-20 min 22,73 21.05 younger people with higher education. Ride-hailing services provide
21 min or longer 13.64 9.65 people with a convenient and safe transportation mode, regardless of
Trip purpose(s) (%) their vehicle ownership. While TNC users with vehicles had more pos-
g"mm‘{tmg 1:?‘7‘ gi-g: 0-3001 itive attitudes towards ride-hailing in its convenience compared to
ntertainment . . <0. . . . . . .
Business 22,45 16.92 05 public t1jaf151t, those without vehicles applauded TNC for its relative
Connect to other 10.20 32.84 0.003 affordability.
transportation This study has several implications for future research and trans-
services portation practices. First, it shows the need to combine different data
Emergency 12.24 25.37 0.08 sources in examining how ride-hailing services reshape social and
Others 4.08 7.46 0.6

services and transit. Nearly all vehicle owners reported that ride-hailing
service was more convenient than transit, but only 30.1% of those
without vehicles thought ride-hailing was more convenient than transit.
A larger share of zero-car users thought that ride-hailing services were
more affordable than public transit. However, both groups reported that
ride-hailing services were not as reliable as transit. Only fewer than 5%
of the respondents stated that ride-hailing services were more reliable
than transit.
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spatial equity. While large-scale ride-hailing data have the strength to
examine the disparity of ride-hailing usage (Brown, 2019) and how
ride-hailing services interact with public transit systems in different
neighborhoods (Barajas and Brown, 2021; Jin et al., 2019; Kong et al.,
2020), they may not speak to ride-hailing usage for different social
groups, and people’s mode choice and travel behavior decisions in daily
practice. Understanding individual-level decisions need more nuanced
information through surveys on ride-hailing users (Dong, 2020a; Jiao
and Wang, 2020). A tale of two (individual and neighborhood) levels in
this study has shown the heterogeneity of transportation resource
combination across different neighborhoods and social groups. The
richness of the results shows the necessity for future studies to combine
different data sources to inform transportation policies related to
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ride-hailing services.

Second, this study sheds light on ride-hailing usage at the neigh-
borhood and individual levels in low-density areas. Unlike evidence
from the big cities like New York (Jiao and Wang, 2020; Jin et al., 2019),
Chicago (Barajas and Brown, 2021), and Toronto (Young and Farber,
2019), the relationship between ride-hailing usage and transit services
are relatively weak and unclear in Austin. The hot spots of ride-hailing
usage concentrate in the small downtown area of Austin. One possible
reason is that compared to other countries, Austin is more dependable
on private vehicles in daily travel. However, like what is found in Los
Angeles (Brown, 2019), low-income communities and social groups
depend more on ride-hailing services than their middle-income coun-
terparts. Compared to few dense cities in North America, the role of
ride-hailing is more critical for low-density areas like Austin, as these
cities were developed after the automobile age, and people depend more
on automobiles in daily travel.

Finally, this study has some practical implications in planning for
ride-hailing systems and public transit in low-density areas like Austin.
With its own platform RideAustin, Austin aims to provide everyone with
equitable access to ride-hailing services. Given the importance of ride-
hailing services in mitigating the difficulties of disadvantaged groups,
practitioners should seize this opportunity to reconsider equitable
transportation policies using new transportation technologies. For
example, Austin launched the Senior Transportation Program, which
aims to provide older adults with affordable ride-hailing services. Older
adults aged 60 and older could get free rides to and from lunch for free or
pay $6 to finish round trips to and from the daily activity destinations,
like barbershops, shopping centers, and doctoral offices. Similarly,
Florida’s experience shows the potential to promote ride-hailing among
the socially disadvantaged with some forms of economic subsidies
(Leistner and Steiner, 2017).

Another challenge of promoting transport equity in the ride-hailing
era is to narrow the “digital divide”. Those who have travel difficulties
also have more knowledge or cost burdens in using smartphones or
tablets to hail a TNC service. Ignoring this new form of inequality may
worsen the existing social and spatial disparity in ride-hailing usage.
Many cities have noticed this problem and collaborated with non-profit
agencies to promote the hotline platforms, such as GoGoGrandparent,
for older adults and other groups with little technical knowledge to ask
for rides. Uber also sends their representatives to communities to pro-
mote the older adults’ understanding of ride-hailing services (Senda,
2017). Some non-profits attempt to build relationships between
healthcare providers, ride-hailing users, and themselves to improve
users’ trust in ride-hailing and help them get to daily destinations
(Rieland, 2017).

This study also has some implications for the potential integration of
ride-hailing services and public transit investments. The spatial analysis
shows that one critical reason for the residents in low-density commu-
nities to use ride-hailing services is the poor transit supply compared to
their middle-density counterparts. Additionally, the individual-level
survey shows that ride-hailing services are widely believed as a conve-
nient and affordable alternative in low-density areas. This study shows
the potential of developing public transit systems in low-density areas
with the help of ride-hailing. Ride-hailing can provide a way to connect
people who live in distant areas to transit hubs (Leistner and Steiner,
2017). Future transportation planning in low-density areas should
consider integrating flexible ride-hailing systems and fixed-route transit
systems. Another possible path of transportation planning in these areas
is to change underutilized bus lines from fixed to on-demand to improve
efficiency and equity.
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