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Abstract
Car access is practically a necessity to get around in rural areas of the United States. Yet 
approximately 4% of rural residents or 4.3 million people do not have a car. Despite impor-
tant rural–nonrural differences in the built environment and how people travel, research on 
rural mobility disparities by car access is limited. This paper addresses this gap by asking 
and answering the following questions: (1) What are the scope and scale of rural car access 
in the U.S. and what are the factors associated with not having a car? (2) How do rural car-
less residents get around relative to their nonrural peers? (3) What are the consequences 
of not having car access in rural areas? We used a dichotomous rural–nonrural classifica-
tion to evaluate differences in car access and mobility outcomes between rural and non-
rural areas using the U.S. Census Bureau Public Use Microdata Sample and the National 
Household Travel Survey. The results reveal new evidence on socioeconomic and mobility 
disparities by car access within and between rural and nonrural areas. Rural carless house-
holds earn 64% less and 40% less than their counterparts with full car access and their 
nonrural counterparts, respectively. Rural Native Americans, Black, and Asian populations 
have a 2.1 times, 1.3 times, and 1.3 times the odds of being carless, respectively, than their 
rural white peers, after controlling for other factors. Despite their lack of access to a car, 
a significantly smaller proportion of rural carless residents bike, walk, or take transit for 
work trips than their nonrural peers (38.9% vs. 74.6%), which may indicate infeasibility 
of sustainable modes in some rural areas. Consequently, rural carless residents are 2 times 
more likely to forsake trips than their nonrural peers due to a lack of transportation options. 
Our findings highlight rural mobility inequities that carless people face relative to their 
nonrural peers, which merit attention and tailored policy interventions to improve rural 
mobility, sustainability, accessibility, and equity.
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Introduction

Travel behavior is associated with both place characteristics (transportation and land use 
systems) and individual characteristics (socioeconomic characteristics, abilities, resources, 
etc.). The confluence of place and individual factors, such as living in a dispersed rural area 
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with limited access to a private vehicle, poses constraints to one’s ability to travel how, 
when, and where they want to. Relative to their urban counterparts, the mobility challenges 
and barriers that rural households and residents face are notable because of the distances to 
destinations and limited transportation options. Rural mobility challenges are exacerbated 
when one lacks access to a household car, as public transit service is limited, on-demand 
mobility services can be expensive or unavailable, and infrastructure conditions often do 
not support pedestrian and bicycle travel.

Although the majority of U.S. households have private vehicles, more than 10 million 
households (about 9%) do not (FHWA 2018). Most households without cars are located in 
urban areas, yet 6.8% of rural households are carless (FHWA 2018). Although rural house-
holds are less likely to be carless than their urban counterparts, rural carlessness may pose 
greater mobility challenges, and socioeconomic disparities persist across the rural–urban 
divide. Relative to their urban counterparts, rural residents and households without a car 
are on average poorer and have far fewer mobility options. While previous research has 
evaluated barriers to transportation access in rural areas, much of this work focuses on 
access to healthcare or on broad conditions and policy approaches related to travel chal-
lenges. Little is known about rural carlessness, the associated characteristics, and differ-
ences between rural and nonrural areas due to the confluence of sociodemographic factors 
and infrastructure availability.

This study aims to address the research gaps identified in current literature by asking 
and answering three research questions: (1) What are the scope and scale of rural car access 
in the U.S. and what are the factors associated with not having a car? (2) How do rural car-
less residents get around relative to their nonrural peers? (3) What are the consequences 
of not having car access in rural areas? We evaluate these questions using nationwide data 
from the U.S. Census and from the National Household Travel Survey. We evaluate each 
question in rural and nonrural areas focusing on differences both within and between rural 
and nonrural areas at a nationwide scale. Throughout our analysis, we reflect on disparities 
observed and implications for barriers to mobility for populations that are underserved by 
current transportation systems.

The remainder of this paper is organized into five sections. We start with a review of 
current literature on car access and rural transportation inequities. We then introduce the 
data sources, measures, and methods used in the analysis. We then present and interpret 
the characteristics of residents and households that do not have a car in rural areas relative 
to nonrural areas. We also apply data visualization to highlight U.S. communities where 
residents and households without access to cars are concentrated. Lastly, we discuss pol-
icy implications and suggestions for improving rural car access, accessibility, and equity, 
describe the study limitations, and provide recommendations for future research.

Literature review

Car access: definition, scale, and measures

Sprawling development patterns in the U.S. make private cars practically a necessity in 
many communities. U.S. residents travel by car for 78% of their daily miles traveled and 
more than 80% of their daily trips (FHWA 2018). Although the majority of U.S. house-
holds have at least one household vehicle, more than 10 million U.S. households, or about 
9%, do not (FHWA 2018). And yet even in households that do not have a car, car access 
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remains an important feature of mobility as these households still make about one-fourth 
of their trips by car. This disconnect between car availability and car travel signals that car 
access is not a binary characteristic but is a matter of degrees (Lovejoy and Handy 2008).

To indicate the degrees of car access, scholars have classified households into three 
distinctive and mutually exclusive categories: carless1 (or zero-car), car-deficit, and fully 
equipped households (Blumenberg et  al. 2020). Carless households are defined as those 
with no car, car-deficit households are defined as those with car access but with less than 
one car per driver, and fully equipped households are defined as those with at least one 
car per driver (Blumenberg et al. 2020). Defining degrees of car access allows for a more 
nuanced understanding of who does not have a car, and how those without access to a car 
get around, relative to their counterparts with at least one household car.

Role of socioeconomic factors in car access

Many prior studies have collectively established the important role that income and finan-
cial status play on the degree of household car access. Compared to their counterparts with 
at least one household car, carless households earn much less. A study using the 2009 U.S. 
National Household Travel Survey (NHTS) found that about 40% of U.S. households earn-
ing $5,000 or less do not own a car, while this number drops to less than 2% as incomes 
reach $50,000 and above (Blumenberg and Pierce 2012). More recently, a study in Califor-
nia shows that three out of four carless households earn $35,000 or less, compared to less 
than one-third of the general population (Blumenberg et al. 2020). Importantly, the eco-
nomic divide between those with and without cars has grown over time. Between 1969 and 
2013, the median household income of carless households decreased by 35% in real terms 
($26,492 vs. $17,237), while households with at least one car earned 13% more ($54,992 
vs. $62,187) over the same period (King et al. 2019).

Car access also tends to fluctuate as incomes rise and fall. Increases in incomes are 
associated with increases in car access (Blumenberg and Pierce 2012; Klein and Smart 
2017). Conversely, financial difficulties is one primary reason that one transitions in car-
lessness in one’s mobility history (Klein 2020). This instability of car access appears to be 
more severe among low-income groups than their peers. Research shows that about half of 
families in poverty transitioned into and out of carlessness across a one decade time hori-
zon, while less than one-third of other families did so (Klein and Smart 2017). The high 
levels of volatility in car transitions among low-income groups may be partially explained 
by that they often tend to have volatile incomes, purchase less reliable cars that increases 
their average car maintenance and repair costs, and pay high costs of loan interest rates 
and insurance on cars due to discriminations in these programs (Fletcher et al. 2010; King 
et al. 2019; Klein and Smart 2017; Ong and Stoll 2007). As incomes increase, low-income 
households are more likely to purchase a car than their middle-income counterparts (Blu-
menberg and Pierce 2012; Klein and Smart 2017), indicating that having a household car 
may impact mobility and quality of life of low-income households and residents to a larger 
degree compared to that of their peers (Klein 2020).

After controlling for income, differences in car access by race and ethnicity remain 
notable (Blumenberg and Pierce 2012). Compared to the general population in California, 

1  We use the terms “carless” and “zero-car” interchangeably when we refer to prior studies. In our analysis, 
we use the term “carless” for consistency, which has the same definition as “zero-car.”
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households headed by Black or African American and Hispanic populations are 2.8 
times and 1.7 times as likely to be carless, respectively; similarly, households headed by 
Asian populations are 1.3 times as likely to be car-deficit (Blumenberg et al. 2020). Nota-
bly, compared to their white peers, car access among people of color appears to be less 
stable, in which Black families are more than twice as likely as their white peers to transi-
tion into and out of carlessness (Klein and Smart 2017). Racial and ethnic disparities in car 
access can be partially explained by race-based discrimination in car loan programs and 
automobile insurance rates (Charles et al. 2008; Ong and Stoll 2007), signaling systemic 
disparities that disadvantaged groups face to obtain and maintain access to household cars.

Car access constraints also disproportionately arise among those who face other types 
of sociodemographic and physical disadvantages. Compared to their peers with at least one 
car, carless residents are more likely to be female, older, and have a disability, and they are 
less likely to be married or have children (Mitra and Saphores 2017).

Mobility characteristics of people without cars

Without a ready car, carless residents and households drive much less and tend to heavily 
rely on a wide range of alternative modes. Carless households in California make 20% of 
their total trips by car, while in contrast their peers with at least one car make 90% of their 
total trips by car (Mitra and Saphores 2020). Conversely, almost 80% of carless households 
in California use transit, walk, and bike, compared to about 10% of households with at least 
one car (Mitra and Saphores 2020). Consequently, carless households face numerous bar-
riers to meeting their daily essential travel needs. Carless households in California make 
fewer than half as many trips and spend more time traveling than their counterparts with 
car access; about 50% of carless households still take public transit for trips longer than 15 
miles, while only less than 4% of households owning a car may choose to do so (Mitra and 
Saphores 2020).

Despite not having a household car, car access remains an important component of 
the daily mobility of carless households. More than one-fifth of trips made among carless 
households are by car (Mitra and Saphores 2020). This notable proportion of car travel 
results from the use of taxicabs or ride-hailing services (such as Uber and Lyft), carpool-
ing, borrowing cars, and getting rides from friends and family, and car-sharing services 
(such as Zipcar and Car2Go). In the U.S., 12% of carless residents use ride-hailing (FHWA 
2018); in California, carless households make 90% of their trips by carpooling, and they are 
4 times more likely to hold a car-sharing membership than the general population (Brown 
2017). Notably, compared to their fully equipped counterparts, ride-hailing usage tends 
to be higher in car-deficit households (Sikder 2019). Car-deficit households in California 
generate 10% more person-miles than their fully equipped counterparts (63 vs. 57), which 
may suggest substantial car-sharing, carpooling, and coordinated car use among household 
members, with car-deficit households having limited car access (cars per driver—0.6 vs. 
1.1) and larger size compared to their fully equipped counterparts (number of adults—3.2 
vs. 2.3) (Blumenberg et al. 2020).

Characterizing rural contexts: what is rural?

The significance of car access to one’s mobility varies across communities. Compared 
to urban and suburban areas, rural areas are structurally different in terms of the number 
of destinations, proximity between destinations, and infrastructure that connects them 
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(Cutsinger and Galster 2006; Hoggart 1990; Millward and Spinney 2011). The high 
density of urban communities yields the best access to jobs, services, and opportunities 
(Millward and Spinney 2011). To a lesser extent, suburban communities enjoy similar 
proximity to resources and multi-modal options that urban communities are privy to 
(Cutsinger and Galster 2006). In a factor and cluster analysis of neighborhood type, 
Voulgaris et al. (2016) further establish the relationship between the built environment 
characteristics of urban, suburban, rural communities, and travel behavior. They find 
that rural areas are dissimilar from other neighborhood types in that rural areas have the 
fewest destinations and largest distances between them (Voulgaris et  al. 2016), which 
appear to be consistent with prior work (Cutsinger and Galster 2006; Hoggart 1990; 
Mattioli 2014; Millward and Spinney 2011; Voulgaris et al. 2016).

Rural–nonrural differences in the prevalence of alternative transport services present 
significant barriers and make it difficult or impossible for rural carless households to 
rely on public transit to meet their travel needs (Carlson et al. 2018; Glaeser et al. 2008). 
In rural areas, alternative transportation modes and services are limited: public tran-
sit is rare or non-existent (Pyrialakou et  al. 2016); infrastructure supporting walking 
and biking is poor (McAndrews et al. 2018); long distances between destinations make 
using alternative modes challenging (Mattioli 2014). Consequently, despite their lack of 
access to a car, rural carless residents in California are 7 times less likely to use public 
transit for work trips than their nonrural peers (Barajas and Wang 2022). Collectively, 
the confluence of not having a car and lacking transportation options leaves rural carless 
households and residents even more vulnerable to failing to meet their essential travel 
needs.

Rural–nonrural disparities that carless and car-deficit households and residents face 
may be further exaggerated by other sociodemographic disadvantages in rural areas rela-
tive to their urban counterparts. Compared to their urban peers, rural populations experi-
ence higher rates of poverty, particularly in the South and among Black and Native Ameri-
can populations (USDA 2022). Rural populations are also more likely to be white than 
their urban peers, although the share of nonwhite rural populations is growing (Davis et al. 
2022). Consequently, people of color in rural areas may be at higher risk of exclusion than 
their urban peers. In addition, rural residents tend to be aging, and the number of people 
who are of working-age is declining in rural areas, which may signal increased medical 
needs of these in rural areas relative to their urban peers (Davis et al. 2022). A recent study 
shows that in California, rural carless households earn 27% less than their nonrural coun-
terparts; 8% of rural Black people are carless, which is about 2.5 times as many as their 
rural white peers; and rural residents who are unemployed and have disabilities are 1.7 
times and 1.3 times more likely to be carless than their nonrural peers, respectively (Bara-
jas and Wang 2022).

This relationship between socioeconomic status and car access operates in both direc-
tions, leading to undesirable reinforcement effects which are particularly notable among 
disadvantaged groups (Fletcher et  al. 2010; Lichtenwalter et  al. 2006; Raphael and Stoll 
2001). Car access also appears to be positively and substantively associated with the likeli-
hood of being employed and economic benefits (Bastiaanssen et al. 2020; Garasky et al. 
2006; Gurley and Bruce 2005; Raphael and Rice 2002). After controlling for other factors, 
having car access is associated with a 16.8 percentage points increase in employment rates 
and a 11% increase in wages (Raphael and Rice 2002). The lack of alternative transporta-
tion and low access to employment opportunities that residents and households face in rural 
areas may be further exaggerated by not having a car (Bastiaanssen et al. 2020; Fletcher 
et al. 2010; Lichtenwalter et al. 2006), which may contribute to increasing socioeconomic 
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disparities between rural and nonrural carless individuals relative to their peers who have 
access to a car (Barajas and Wang 2022).

To evaluate rural–urban differences in mobility outcomes, most scholarship relies on 
the classification of rural and urban areas developed by the U.S. Census. Prior to 2020, the 
U.S. Census defined urban areas as those with 50,000 or more people, urban clusters as 
areas with at least 2,500 people but less than 50,000 people, and areas that were not located 
in an urban area or cluster were classified as rural. However, this widely adopted defini-
tion of rural–urban classification is limited in that it does not distinguish between rural 
areas that are near versus far from urban areas and urban clusters, or between rural areas 
with different development patterns. In reality, even within rural areas there is heterogene-
ity in the built environment (Isserman 2005; Mattioli 2014; Millward and Spinney 2011), 
in which the term “rural” can encompass small towns and highly dispersed communities, 
for instance.

Thus, with differences in mobility, sociodemographic characteristics, and car access 
between rural and nonrural areas, whether and to what degree mobility outcomes of carless 
households and residents in rural areas differ from that in the remaining areas of the nation 
merits scholarly attention. One primary step is to estimate the scope and scale of carless-
ness within and between rural and nonrural areas, measure rural–nonrural differences in 
socioeconomic and mobility characteristics for carless people, and understand how mobil-
ity barriers and burdens that rural carless people face differ from their nonrural peers.

Status and barriers to rural mobility justice

The confluence of rural–nonrural differences in socioeconomic factors and infrastructure 
availability can lead to consequences in access and life outcomes that disproportionately 
burden rural carless households and residents. Rural populations are known to take less 
frequent but longer trips than their urban and suburban counterparts, resulting in higher 
rates of vehicle miles traveled (Millward and Spinney 2011; Pucher and Renne 2005; 
Ralph et al. 2016, 2017; Voulgaris et al. 2016). However, this likely reflects greater mobil-
ity challenges rather than greater realized access, as evidenced by their greater travel costs 
(Bureau of Transportation Statistics, U.S. DOT 2022) and difficulty meeting essential 
needs (Delbosc and Currie 2011). Compared to their urban peers, rural residents travel two 
to three times farther to meet their medical specialists (Chan et al. 2006). The low levels of 
mobility, availability, and accessibility of transportation infrastructure that rural residents 
face are known to lead to decreased out-of-home activities, reduced job opportunities, and 
delayed or reduced medical care (Cristancho et al. 2008; Delbosc and Currie 2011; Goins 
et al. 2005; Mattson 2011; Morris et al. 2020).

Differences in mobility and accessibility between rural and urban areas affect disadvan-
taged groups to a larger degree, including children, people without a household car, rela-
tive to their peers (Cristancho et al. 2008; Goins et al. 2005; Mattson 2011; Morris et al. 
2020; Skinner and Slifkin 2007). Compared to their urban peers, rural children with special 
healthcare needs are less likely to make their medical appointments due to travel difficulties 
(Skinner and Slifkin 2007). Rural carless residents are less likely to participate in out-of-
home activities, and they experience increased social isolation and reduced psychological 
and social well-being than the general rural population (Delbosc and Currie 2011; Morris 
et al. 2020). These rural–nonrural differences in mobility barriers and burdens among dis-
advantaged groups further highlight inequity concerns that rural residents and households 
face in meeting their daily essential travel needs and maintaining quality of life.



Transportation	

1 3

Despite the important role of mobility in getting around rural areas, 6.8% of rural 
households do not have car access. The barriers and burdens that rural households and 
residents disproportionately face relative to their nonrural counterparts, may be further 
exaggerated by having no or limited car access due to differences in access to destina-
tions, transportation options, and socioeconomic characteristics between rural and nonru-
ral areas. However, current literature has focused extensively on characterizing the built 
environment, travel behavior, and car ownership within urban and suburban communities. 
Little is known about the scope and scale of rural carlessness and who does not have a car 
in rural areas, and importantly, mobility outcomes of rural carless households and residents 
relative to their nonrural counterparts. This study addresses this research gap by quantify-
ing the scope and scale of rural car access, how rural carless people travel, and what conse-
quences rural carless people face as a result of not owning a car. Our analysis evaluates the 
differences between rural and nonrural areas, as well as the variation for populations living 
within rural areas. We reflect on disparities observed and the implications for groups that 
are currently underserved by transportation systems.

Data and methods

Data

We relied on three main data sources to identify disparities in socioeconomic and mobility 
characteristics by car access and rural–nonrural disparities among carless and car-deficit 
households and residents: the spatially aggregated 2010 Decennial data, the 2019 Ameri-
can Community Survey (ACS) 5-year Public Use Microdata Sample (PUMS) collected by 
the U.S. Census, and the 2017 U.S. National Household Travel Survey (NHTS) adminis-
tered by the Federal Highway Administration (FHWA). Each of these data sources presents 
complementary merits. The aggregated Decennial data were used to define and distinguish 
rural and nonrural environments. The PUMS data provided indicators of car access and a 
series of socioeconomic and mobility characteristics at the individual and household levels. 
The ACS 5-year PUMS data is weighted sample and includes records of about 5% of the 
total population, which allowed for detailed cross-tabulations. However, the PUMS travel 
data is limited to work trips. To overcome this limitation, the NHTS data, which has more 
travel data but a smaller sample than the PUMS data, was used for indicators revealing 
mobility barriers and burdens.

The NHTS data includes a travel diary of all trips taken during a 24-h period by all 
household members aged 5 or older. Respondents report trip purpose, mode of transporta-
tion, time of day of travel, day of the week, and vehicle occupancy for each trip. The NHTS 
sample comprises 129,696 households. We use sample weights derived from sociodemo-
graphic characteristics (provided by the NHTS data) to make inferences about the U.S. 
population. The NHTS data has a relatively small sample of rural carless households, with 
our analysis including 1,571 rural car-deficit and 615 rural carless people in the survey 
sample. As discussed below, we compare the makeup of the population of rural carless 
households reflected in the NHTS data with the PUMS data to ensure that our estimates 
are robust. A combination of these three data sources together provides a comprehensive 
understanding of how rural carless and car-deficit residents and households meet (or fail to 
meet) their essential daily travel needs.
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Methods

Descriptive statistics

We begin with the descriptive statistics and tests of significance to estimate the scope and 
scale of rural households and residents who have no or limited car access, quantify socio-
economic and mobility differences by household car access, and identify whether dispari-
ties in household car access within rural areas differ from that in nonrural areas and to 
what degree. Building upon prior work, we grouped U.S. households by their degree of 
car access into three categories: carless, car-deficit, and fully equipped households (Basu 
and Ferreira 2020; Potoglou and Susilo 2008, Blumenberg et al. 2020). In producing the 
descriptive summary statistics, we conducted Chi-squared tests of independence for those 
factors that are categorical variables, such as gender, race and ethnicity, and educational 
attainment, and used the Kruskal–Wallis rank-sum test for those factors that have a con-
tinuous value, such as household income. All differences reported in the main text are sta-
tistically significant (p < 0.05) unless otherwise noted.

Ordinal logistic regression model

We then carried out an ordinal logistic regression model to examine whether the effects of 
factors associated with car access vary by rural status, and to what degree. Building upon 
the literature (Anowar et al. 2014; Basu and Ferreira 2020; Potoglou and Susilo 2008), we 
selected an ordinal logistic regression model as the appropriate specification for the follow-
ing reasons: (1) Our dependent variable, car access, is an ordered categorical variable with 
three levels of responses—carless, car-deficit, and fully equipped; (2) The probabilities by 
three levels of car access are strictly increasing as the number of categorical responses 
included increases, known as cumulative probabilities; and (3) The three levels of car 
access are mutually exclusive, in which the possibility of being in one given response level 
is dependent on the possibilities of being in other response levels. In an ordinal logistic 
regression model, the probability of one having a response level J for J = 1, 2, 3,… , j , can 
be written as:

where Pr
(

Yi ≤ j
)

 represents changes in the probability as the ordered responses change 
from carless, car-deficit, to fully equipped. �j indicates the intercept term of each category 
of car access where 1 ≤ j ≤ J − 1 , in which the level 1 indicates carless ( j = 1 ), the level 2 
indicates car-deficit ( j = 2 ), and the level 3 indicates the reference group—fully equipped. 
Xki is the kth predicator with the ith value, and k indicates the number of independent vari-
ables included. �k indicates the coefficients of each independent variable.

Building upon the associated factors of car access we identified in the literature, we then 
applied the model performance measures of aGSIF—the adjusted generalized standard 
error inflation error—to test the multicollinearity using the threshold of 1.6 (Fox and Mon-
ette 1992), and RMSE—the root mean square error—to identify the best model (presented 
in the results section below).

Pr
(

Yi ≤ j
)

=
exp(�j − �1 ∗ X1i − �2 ∗ X2i − ... − �k ∗ Xki)

1 + exp(�j − �1 ∗ X1i − �2 ∗ X2i − ... − �k ∗ Xki)
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Defining and quantifying car access

In defining and quantifying household car access, we first indicate whether or not a house-
hold has a car. We then measure the degree of each household’s access to cars. Specifi-
cally, car access is an indicator estimated at the household level and is calculated as the 
number of household cars available per adult (person aged 18 or older). Households with a 
car access indicator value of zero are defined as carless households, households with a car 
access indicator greater than zero and less than one are defined as car-deficit households, 
and households with a car access indicator equal to or greater than one are defined as fully 
equipped households. Our approach of defining and quantifying household car access is 
conceptually consistent with prior work (Blumenberg et al. 2020).

Indicating rural and nonrural areas

Our analysis requires a definition of rural and nonrural areas. However, the data sources 
we use differ in the availability of a rural–nonrural indicator: the NHTS data includes rural 
classifications while the PUMS does not. The NHTS data are designated as rural and urban 
areas at relatively fine spatial scales. The NHTS binary rural–urban classification is based 
on home address location and the urban area type (urban, urban cluster, or rural) from the 
Census 2014 TIGER/Line Shapefiles. The NHTS definition classifies households as urban 
if they live in urban areas and urban clusters, and rural if they do not. Under the NHTS 
nonrural-rural definition, 82.5% of the households in the NHTS sample (out of the total 
129,696 households) are classified as nonrural, while 17.5% are designated as rural.

The PUMS data provides the variables that are available at the Public Use Microdata 
Area (PUMA) scale—large areas of geography consisting of at least 100,000 people. 
PUMAs thus cover a broad range of land use types and require an indicator of rural–non-
rural status which is not currently available in the PUMS data. To overcome this limita-
tion, we calculated the degree of rurality for each PUMA from the spatially aggregated 
Decennial population estimates to derive a binary classification. We used the 2010 Decen-
nial data at the census tract level to obtain the rural population, the urban population, and 
the total population. We then conducted a spatial join and merged the Decennial variables 
to the PUMS data by assigning a census tract to a PUMA if the centroid of the census tract 
fell within the boundaries of the PUMA. We then aggregated the rural population and the 
total population from the census tract level to the PUMA level. Lastly, we calculated the 
percentage of the total population in each PUMA that lives in a rural census tract as an 
indicator of rurality.

To obtain the appropriate definition of rural and nonrural areas, we applied a series of 
the thresholds. We identified PUMAs with at least 20% and 50% of their population liv-
ing in rural areas. We selected 20% as the threshold candidate because it corresponds to 
the approximate proportion of rural residents nationwide as measured and reported by the 
U.S. Census. We also performed a sensitivity analysis to ensure the validity and reliability 
of this definition of rural and nonrural PUMAs. To do so, we calculated and compared 
the socioeconomic profiles of rural and nonrural households by household car status using 
both a 20% threshold and a 50% threshold. Specifically, with the 50% threshold, we capture 
52% of the rural population defined by the U.S. Census (31,221,919 out of 59,724,800), 
and with the 20% threshold, we capture 90% of the rural population defined by the U.S. 
Census (53,124,846 out of 59,724,800). Although patterns in the results were similar 
for both thresholds, the 20% threshold allows us to capture most of the rural population 
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defined by the U.S. Census. Thus, we report the results of applying the 20% threshold in 
the main text. The detailed descriptive statistics for both thresholds can be found in the 
supplementary information.

To further ensure the validity and consistency of our definitions of rural and nonru-
ral areas derived from the two different data sources, we compared the sociodemographic 
characteristics of the people represented in rural areas in the NHTS to those represented in 
areas that we defined as rural in the PUMS data. When evaluating socioeconomic groups 
and levels of car access at the block group level, we found that both datasets capture similar 
proportions of people located in nonrural and rural areas (see Tables S3 and S4 in the sup-
plementary material.)

The use of a binary rural definition is a limitation in our study. However, for the pur-
poses of this study, our decision to evaluate a rural–nonrural classification was intentional, 
which allowed us to focus on the rural end of the urban/rural spectrum that has been lim-
ited in prior work.

Identifying socioeconomic and mobility variables

Through our review of the existing literature, we identified a set of socioeconomic factors 
that are associated with the status of having a household car and the degree of household 
car access. These factors are derived from the PUMS data and are available at either the 
individual or the household levels. Key individual characteristics include gender, age, race 
and ethnicity, language, citizenship, nationality, educational attainment, employment sta-
tus, and marital status. Key household characteristics include household income, owner 
cost, rent cost, home ownership, single-parent household, presence of children, and pres-
ence of the elderly. For simplicity and clarity, in the main text, we report a subset of char-
acteristics of importance: income, race and ethnicity, educational attainment, and housing 
cost burden. The remaining characteristics are included in the supplementary information.

We relied on both the PUMS and the NHTS to draw a comprehensive picture of how 
rural carless and car-deficit households and residents get around as well as the mobility 
barriers and burdens they face, relative to their nonrural counterparts. The PUMS data pro-
vides travel data on transportation modes for work trips (driving alone, carpooling, public 
transit (including bus, subway or rail), biking or walking, and others), while the NHTS data 
provides the mobility indicators of self-reported financial burden, trip duration, and unmet 
travel need.

Our measure of mobility barriers (or unmet travel need) is estimated based on the rea-
son for no travel indicated by survey respondents who did not make a trip on the surveyed 
travel day. Ten reasons for no trips were provided, including the options that reflect a lack 
of need as well as one that we focus on as an indication of unmet need: lack of transporta-
tion options. The financial burden outcomes are measured directly based on responses to a 
question in the NHTS data asking respondents to indicate their level of agreement with the 
statements “getting from place to place costs too much” using a five-level Likert-type scale. 
Table 1 below provides a summary of the socioeconomic and mobility variables evaluated.
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Results

We now turn to presenting and interpreting the results of our analysis. We begin with the 
scope and scale of car access in rural and nonrural areas. Next, we highlight U.S. com-
munities where rural carless and car-deficit residents and households are concentrated, 
and discuss socioeconomic and mobility differences by car access between and within rural 
and nonrural areas using the descriptive statistics and an ordinal logistic regression model. 
We then reveal new evidence on mobility inequity concerns that rural carless and car-defi-
cit residents and households face, relative to their rural fully equipped and nonrural coun-
terparts. We provide the detailed descriptive statistics in the supplemental information.

Scope and scale of carlessness by rurality in the U.S.

The scope and scale of car access are derived from the PUMS data. Using our defini-
tions of car access demonstrated above, we found 110 million U.S. households (91%), 
or 282 million people (94%), have at least one household car. However, about 10.5 mil-
lion households (8.6%), or 18.6 million people (6.2%), do not have a household car, and 
20.6 million households (17%), or 70 million people (23.3%), are in a car-deficit status. 
Together, in the U.S., carless and car-deficit households account for more than one quar-
ter of total households, and carless and car-deficit residents account for about one-third 
of the total population.

Car access is not evenly distributed between rural and nonrural areas. In this study, we 
applied a binary classification of rurality to capture rural–nonrural differences in the scope 
and scale of car access. Our results show that in nonrural areas, about 14.3 million resi-
dents (7.3%) do not have a household car, and more than 50 million residents (26%) are in 
a car-deficit status. In rural areas, despite limited transportation options and low levels of 
accessibility to many destinations, the scope and scale of carlessness and limited car access 
are notable. Although 96% of rural residents have at least one car, 4% or more than 4.3 mil-
lion rural residents, do not have a car, and 18% or about 19.3 million rural residents, are in 
a car-deficit status.

There are clear spatial patterns in the scope and scale of rural car access. Figure 1 shows 
differences in car access in rural areas across the U.S., with nonrural areas shown in gray. 
Rural areas with higher shares of carless and car-deficit households appear to be geographi-
cally concentrated. The Appalachian region, northern New England, portions of the coastal 
Southeast, the Mississippi Delta, southern Texas, and some Native American reservations 
and their surroundings have higher shares of rural carless households (Fig. 1a), while the 
Sunbelt area of the U.S., portions of northern New England, central South Dakota, and 
parts of Northern California tend to have higher shares of rural car-deficit households 
(Fig. 1b).

Rural–nonrural comparisons in who lacks car access

Both socioeconomic characteristics and living environments relate to car access. Dis-
advantages that rural carless and car-deficit households and residents face are further 
exaggerated by rural–nonrural differences in socioeconomic characteristics and car 
ownership. We present our findings drawn from the descriptive statistics and an ordinal 
logistic regression model below.
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Descriptive statistics

Disparities in socioeconomic characteristics between rural and nonrural areas among car-
less and car-deficit households and residents are derived from the PUMS data (Fig. 2). As 
expected, household income is one distinguishing characteristic associated with rural–non-
rural disparities in carlessness and limited car access. Compared to their nonrural counter-
parts, rural carless and car-deficit households earn 40% and 28% less (i.e., calculated as the 
average household income), respectively (Fig. 2a).

Relative to their nonrural peers, rural residents are less likely to be carless or in a car-
deficit status, but are more likely to be fully equipped across all racial and ethnic groups 
except rural Native Americans. Unlike every other race or ethnicity, the proportion of rural 
Native Americans who are fully equipped, is not greater than their nonrural counterparts 
(Fig. 2b).

Educational attainment is another factor that explains rural–nonrural disparities in car-
lessness. Compared to their nonrural peers, rural residents with less than a high school 
degree are 1.2 times more likely to be carless; rural residents with a high school degree are 
1.3 times more likely to be carless or in a car-deficit status (Fig. 2c).

Not surprisingly, rural–nonrural differences in land and development prices contribute 
to differences in housing cost burdens by car access. Rural carless and car-deficit house-
holds experience relatively lower rental cost burdens but higher housing cost burdens for 
homeowners than their nonrural counterparts. Rural carless and car-deficit households 
spent 20% and 30% less on rent as a share of their income, respectively, than their nonrural 
counterparts. This difference is not surprising given higher affordability and lower demand 
for rental housing in rural areas compared to their nonrural counterparts. However, this 
trend is reversed for housing cost burdens for homeowners. Rural carless households in 
owned units spent 1.4 times as much on housing costs as a share of income as their non-
rural counterparts, which may be a consequence of rural–nonrural differences in income 
levels, house types, and the sizes of owned units among carless households (Fig. 2d).

Importantly, compared to their nonrural peers, rural carless and car-deficit residents are 
about 1.5 times more likely to have a disability or to be unemployed. (See the supplemental 
information for detailed descriptive statistics.).

An examination of who does not have car access within rural areas reveals that socio-
economic disparities by car access in rural areas are in many cases more severe than non-
rural disparities (Fig. 2). Rural carless and car-deficit households earn 64% and 16% less 
than their rural fully equipped counterparts, respectively, compared to 54% and 10% in the 
nonrural comparison (Fig. 2a).

As expected, the intersection of rurality and race and ethnicity points to disparities in 
car access in rural areas. Compared to their white peers, rural Black or African American 
people and Native Americans are 3 times more likely to be carless. Rural Black or African 
American people, Native Americans, Hispanic or Latino, and Asian people are 1.7 times, 2 
times, 1.8 times, and 2 times more likely to be in a car-deficit status than their white peers, 
respectively (Fig. 2b).

Educational attainment is another characteristic associated with car access in rural 
areas. Compared to their rural peers with at least a Bachelor’s degree, rural residents with 

Fig. 1   Mapping of Rural Car Access Nationwide (Using our classification scheme of the 20% threshold, the 
gray areas in Fig. 1 are classified as nonrural areas, relative to rural areas. Figure 1 presents differences in 
car access in rural areas at the PUMA level). Data Source PUMS

▸
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Fig. 2   Rural–Nonrural Differences in Socioeconomic Factors by Car Access (Data Source: PUMS)
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less than a high school degree are 3.6 times and 1.9 times more likely to be carless or in a 
car-deficit status, respectively; rural residents with a high school degree are 3.1 times and 
2.1 times more likely to be carless or in a car-deficit status, respectively; similarly, rural 
residents who completed some college but do not have a college degree are 1.8 times and 
1.5 times more likely to be carless or in a car-deficit status, respectively (Fig. 2c).

Disparities in housing burdens by car access appear to be more substantial in rural 
areas relative to nonrural comparisons. The proportions of income that rural carless and 
car-deficit households spent on rental costs are 3.9 times and 1.6 times as much as their 
rural fully equipped counterparts, respectively, relative to 3.1 times and 1.4 times in nonru-
ral comparisons (Fig. 2d). Conversely, the proportions of income that rural carless house-
holds in owned units spent on housing costs are 40% less than their rural fully equipped 
counterparts, relative to 60% in nonrural comparisons (Fig. 2d). This pattern of relatively 
low housing cost burdens for homeowners but high cost burdens for renters in rural areas 
suggests more severe disparities in housing cost burdens that rural carless and car-deficit 
households in rental units face than their nonrural counterparts.

Other factors that are notable in explaining differences by car access in rural areas 
include disability status, employment status, marital status, homeownership, single-par-
ent households, and presence of children or older adults. Compared to their rural fully 
equipped peers, rural carless residents are 3 times and 4 times more likely to have dis-
abilities or are unemployed. Rural carless residents are more likely to be single adults (1.5 
times) and live in households with at least one member aged 65 years old or above (1.3 
times), than their rural fully equipped peers. Conversely, rural carless residents are about 
50% less likely than their rural fully equipped counterparts to live in an owned unit or 
in a household with children. (See the supplemental information for detailed descriptive 
statistics.).

Ordinal logistic regression model

We then move to our findings from the regression model on rural–nonrural differences 
in the determinants of car access. Overall, our results using an ordinal logistic regression 
model are consistent with findings from the descriptive statistics. Table 2 presents the odds 
ratios of one being carless or in a car-deficit status (vs. fully equipped) within and between 
rural and nonrural areas. Overall, we find new evidence on rural–nonrural differences in 
the effects of determinants of car access, and disadvantaged groups in rural areas are fur-
ther disproportionately impacted in many cases, after controlling for the other factors.

As expected, age, race and ethnicity, English proficiency, household income, and educa-
tional attainment are strong determinants of car access. Age is negatively and substantively 
associated with the likelihood of being carless or in a car-deficit status (vs. fully equipped). 
Compared to their peers aged between 18 and 24 years old, rural residents who are older 
have a much lower odds of being carless or in a car-deficit status (vs. fully equipped) by 
42% (aged between 25 and 34), 53% (aged between 35 and 44), 52% (aged between 45 
and 54), 58% (aged between 55 and 64), 59% (aged between 65 and 74), and 55% (aged 
75 years old or above), respectively.

People of color in rural areas are more likely to be carless than their rural white peers, 
with one exception. Native Americans, Black, and Asian populations in rural areas have 
2.1 times, 1.3 times, and 1.3 times the odds of being carless or in a car-deficit status (vs. 
fully equipped), respectively, relative to their rural Non-Hispanic white peers. Compared to 
their rural peers who speak English fluently, rural residents who have limited English have 
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Table 2   Rural–nonrural differences in the odds ratio of being carless or in a car-deficit status (vs. fully 
equipped) using ordinal logistic regression model

Characteristics Rural areas Nonrural areas Rural–non-
rural differ-
ences

Odds ratio 95% CI Odds ratio 95% CI Ratio of odds 
ratio (Rural 
to Nonrural 
Area)

2.5% 97.5% 2.5% 97.5%

Female (vs. Male) 0.92 0.90 0.94 0.99 0.98 1.00 0.93
Age (ref.: 18–24)
 25–34 0.58 0.55 0.61 0.69 0.68 0.70 0.84
 35–44 0.47 0.45 0.50 0.58 0.57 0.59 0.82
 45–54 0.48 0.46 0.50 0.60 0.59 0.61 0.80
 55–64 0.42 0.40 0.45 0.59 0.58 0.60 0.72
 65–74 0.41 0.38 0.44 0.58 0.57 0.60 0.70
 75 + 0.45 0.40 0.51 0.73 0.69 0.77 0.62

Race and Ethnicity (ref.: Non-Hispanic White)
 Non-Hispanic Black 1.26 1.17 1.37 1.58 1.54 1.62 0.80
 Native American 2.11 1.98 2.26 1.31 1.20 1.43 1.61
 Hispanic or Latino 0.73 0.70 0.76 1.10 1.08 1.11 0.67
 Non-Hispanic Asian 1.34 1.27 1.41 1.52 1.49 1.55 0.88
 Non-Hispanic Others 1.22 1.12 1.34 1.35 1.29 1.40 NS
 Limited English 1.25 1.21 1.29 1.45 1.43 1.47 0.86

Household Income (ref.: 25 k or less)
 25 k to 50 k 0.90 0.85 0.94 0.87 0.85 0.89 NS
 50 k to 75 k 0.96 (NS) 0.91 1.02 0.89 0.87 0.92 NS
 75 k to 100 k 0.94* 0.88 0.99 0.94 0.91 0.96 NS
 100 k to 150 k 1.03 (NS) 0.97 1.09 1.03 1.01 1.15 NS
 150 k to 200 k 1.10* 1.00 1.20 1.11 1.07 1.15 NS
 200 k +  1.12 1.03 1.21 1.13 1.10 1.16 NS

Educational Attainment (ref.: Bachelor or above)
 Some college 1.26 1.22 1.31 1.12 1.11 1.14 1.12
 High school 1.74 1.67 1.81 1.46 1.44 1.48 1.19
 Less than high school 2.80 2.68 2.92 1.78 1.75 1.82 1.57

Rental Unit (vs. Owned) 1.74 1.69 1.79 2.36 2.33 2.39 0.74
Unemployed 1.69 1.62 1.76 1.60 1.57 1.64 NS
Disabled 1.21 1.16 1.27 1.21 1.18 1.24 NS
Not Married 1.12 1.08 1.15 1.16 1.15 1.17 NS
Presence of Children (ref.: two-parents household)
 Single-parent 0.72 0.67 0.78 0.87 0.84 0.90 0.83
 No children 1.23 1.19 1.28 1.41 1.39 1.43 0.88

Ordered Responses Intercepts Intercepts
 Carless | Car-deficit 26.63 24.32 29.15 32.45 31.40 33.54
 Car-deficit | Fully equipped 2.30 2.11 2.50 2.55 2.47 2.63

Performance Metrics
 Number of observations 211,905 1,247,596
 RMSE 2.37 2.26
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1.3 times the odds of being carless or in a car-deficit status (vs. fully equipped). Note that 
rural residents who are Hispanic or Latino appear to have a 27% lower odds of being car-
less or in a car-deficit status (vs. fully equipped), which may be partially explained by the 
popularity of resource-based jobs (for instance agriculture, forestry) among rural Hispanic 
or Latino populations that often require car access (Cristancho et al. 2008; Lichter 2012; 
Rural Hispanics, USDA 2005). Yet, even after controlling for English proficiency, Hispanic 
or Latino populations in nonrural areas have 1.1 times the odds of being carless or in a car-
deficit status (vs. fully equipped), compared to their Non-Hispanic white peers.

Not surprisingly, income is associated with car access. Yet, the relationship between 
incomes and car access appears to be nonlinear. One’s status of being carless or in a car-
deficit status (vs. fully equipped) is more sensitive to changes in household incomes among 
lower-income earners. Specifically, compared to those earning $25,000 or less, rural 
households with an annual income between $25,000 and $50,000 have a 10% lower odds of 
being carless or in a car-deficit status (vs. fully equipped). However, as incomes continue 
rising, the probability of one being carless or in a car-deficit status (vs. fully equipped) 
among those earning up to $150,000, are no longer substantively and significantly different 
from their rural counterparts who earn $25,000 or less. These rural households who earn 
more than $150,000 in rural areas are more likely to be carless or in a car-deficit status than 
their rural counterparts who earn $25,000 or less.

Educational attainment is negatively and substantially associated with car access. Com-
pared to their rural peers having a Bachelor’s degree or above, rural residents who com-
pleted some college, high school, or less than high school, have a 1.3 times, 1.7 times, 
and 2.8 times the odds of being carless or in a car-deficit status (vs. fully equipped), 
respectively.

Other associated factors include homeownership, disability, employment status, marital 
status, gender, and presence of children. Compared to their rural peers, rural residents liv-
ing in rental units, having disabilities, and who are unemployed or not married, have a 1.7 
times, 1.7 times, 1.2 times, and 1.1 times the odds of being carless or in a car-deficit status 
(vs. fully equipped), respectively. The presence of children is positively associated with 
rural car access. Households having no children have a 1.2 times the odds of being carless 
or in a car-deficit status (vs. fully equipped) than their two-parents counterparts. However, 
relative to two-parents households, single-parent households have a 28% lower odds of 
being carless or in a car-deficit status. This difference in car access among rural households 
having children indicates the important role of car-sharing among household members 
in two-parents households and the necessity of car access for single-parent households. 
In rural areas, females are 8% less likely to be carless or in a car-deficit status (vs. fully 
equipped) than males.

Importantly, our results reveal new evidence on rural–nonrural differences in the asso-
ciated factors of and the effects on one’s status and degree of car access. We find that the 
likelihood of one being carless or in a car-deficit status that certain disadvantaged groups 
disproportionately face, is further exaggerated by living in rural areas. These exaggerated 
effects appear to be notable among rural Native Americans and these who completed less 
than a Bachelor’s degree.

Table 2   (continued)
(1) All odds ratios presented are statistically significant at the level of p < 0.001 unless otherwise noted in 
which: *p < 0.05; **p < 0.01, Not Significant (NS); (2) The odds ratios indicate the odds of one being car-
less and in car-deficit relative to fully equipped; (3) CI indicates Confidence Interval
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When compared to their nonrural peers, Native Americans in rural areas are more likely 
to be carless or in a car-deficit status than their white peers. Despite the necessity of hav-
ing car access for one living in rural settings, rural Native Americans have a 2.1 times the 
odds of being carless or in a car-deficit status (vs. fully equipped) than their rural white 
peers, compared to 1.3 times in the nonrural comparison. Similarly, relative to their rural 
peers with a Bachelor’s degree, rural residents who completed some college, high school, 
and less than high school, are 1.3 times, 1.7 times, and 2.8 times more likely to be carless 
or in a car-deficit status, respectively, compared to 1.1 times, 1.4 times, and 1.8 times in 
nonrural comparisons. Consequently, these rural residents are left behind not only by car 
access but also by employment opportunities that require car access, which may contribute 
to increasing disparities in socioeconomic status between rural and nonrural carless house-
holds and individuals.

Conversely, elderly populations in nonrural areas have a much lower odds of being car-
less or in a car-deficit status (vs. fully equipped) by 42% (aged between 65 and 74 years 
old) and by 27% (aged 75 years old or above), respectively, than their nonrural reference 
group aged between 18 and 24 years old, compared to 59% and 55% in the rural compari-
sons. Not surprisingly, renters in nonrural areas have a 2.4 times the odds of being carless 
or in a car-deficit status (vs. fully equipped) than their nonrural peers, compared to 1.7 
times in the rural comparison.

These rural–nonrural differences suggest that car access may play a more important 
role to get around for elderly populations and renters in rural areas than for their nonrural 
peers, as alternative services in rural areas are poor and even unavailable. Consequently, 
rural elderly populations with reduced health and cognitive ability and renters experiencing 
financial stress, may be forced to continue driving and to afford household cars, while their 
nonrural peers turn to alternative modes for safer and more affordable travels, which may 
contribute to increasing rural–nonrural disparities in health, travel safety, and mobility.

Adaptations of carlessness and modes for work trips

Living environments matter for how carless and car-deficit people get around. Differences 
in mobility characteristics by car access are distinct across rural and nonrural areas, with 

Fig. 3   Rural–Nonrural Differences in Modes for Work Trips by Car Access. Data Source PUMS
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potential mobility equity concerns for rural carless and car-deficit households and residents 
facing fewer transportation alternatives and greater travel burdens relative to their nonrural 
counterparts.

Differences in transportation modes used to get to work for rural residents with differ-
ent degrees of car access are derived from the PUMS data (Fig. 3). Overall, despite lim-
ited transportation options in rural areas, the majority of rural carless (61%) and car-deficit 
(89%) residents rely on a car to travel, either driving alone or carpooling. This may signal 
that car access is essential in getting around rural areas. Not surprisingly, compared to their 
rural fully equipped peers (85.3%), rural carless (39.7%) and car-deficit (71.1%) workers 
are 50% and 20% less likely to drive alone for work trips, respectively.

To overcome the limitations of having no or limited car access, rural carless and car-def-
icit residents rely more heavily on transportation modes other than driving alone (Fig. 3).2 
Compared to their rural fully equipped peers, rural carless residents are 2.9 times, 12.5 
times, and 12.8 times more likely to carpool, ride public transit, or bike and walk for work 
trips. Similar patterns exist among rural car-deficit residents but to a much lesser degree. 
Rural car-deficit residents are 2.4 times, 2.8 times, and 2.7 times more likely to carpool, 
ride public transit, or bike and walk for work trips than their rural fully equipped peers. 
These substantial differences in using modes other than driving alone for work trips show 
that in some rural areas, alternative modes play an important role in mobility for those 
without available household cars. (See the supplemental information for detailed descrip-
tive statistics.). However, this data of modes used for work trips among rural carless and 
car-deficit residents does not provide an indication of the convenience or sufficiency of 
these alternative modes in rural areas.

Although alternative modes are an option for some people having no or limited house-
hold car access, rural–nonrural differences in the use of cars and alternative modes among 
carless and car-deficit residents appear to be substantial. Differences in transportation 
modes for work trips between rural and nonrural areas that carless and car-deficit travel-
ers face are derived from the PUMS data (Fig. 3). Compared to their nonrural peers, rural 
carless and car-deficit residents are 90% less likely to ride public transit. These stark dif-
ferences in the likelihood and proportion of using public transit between rural and nonrural 
areas, particularly among people having no or limited car access, are a likely consequence 
of a low proximity to destinations and limited availability of public transit service and 
infrastructure in most rural areas. For some of those who do walk, bike, or use transit in 
rural areas, it may not be an easy or a desirable option.

Notably, rural carless residents are 2.4 times and 2.5 times more likely to drive alone 
or carpool for work trips than their nonrural peers, while these rural–nonrural differences 
appear to be much less among rural car-deficit residents who have limited car access. This 
may correspond to prior findings that carless people living in high density areas are more 
likely to be those who voluntarily forgo cars (or are carfree), compared to their carless 
peers in other areas (Mitra and Saphores 2017). A slightly larger proportion of rural carless 
residents bike or walk for work trips (19.2%) compared to their nonrural peers (17.2%), 
which may indicate that rural carless residents adapt to carlessness and the need for car 
travel by finding employment options close to their homes.

2  In rural areas, the percentages for modes used for work trips that are smaller than 2% (not shown in Fig. 3 
for clarity of the visualization) include: Rural car-deficit residents who ride public transit—1.1%; Rural 
fully equipped residents who ride public transit—0.4%, and who bike and walk—1.5%.
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Mobility barriers and burdens and rural carlessness

Mobility barriers and burdens of carlessness

Importantly, having no or limited car access appears to pose greater mobility barriers and 
burdens to rural carless and car-deficit travelers than to their nonrural peers. Disparities 
in mobility barriers and burdens between rural and nonrural areas among carless and car-
deficit travelers are derived from the NHTS data (Table 3). When compared with their non-
rural peers, rural carless and car-deficit travelers are 1.9 times and 1.4 times more likely to 
make no trips, respectively. Similar patterns exist among fully equipped travelers, but to a 
lesser degree (1.3 times). This may be due to the nature of the transportation and land use 
environment in rural areas which may act as a deterrent, or it may be related to sociodemo-
graphic differences between rural and nonrural areas.

Evidence further reveals that this rural–nonrural difference in making no trips among 
carless and car-deficit travelers can be partially explained by disparities in the availability 
of transportation options between rural and nonrural areas. Rural carless and car-deficit 
travelers are 2.3 times and 2.5 times more likely to report not traveling due to lack of trans-
portation options than their nonrural peers, respectively. These disparities highlight the 
critical role that car access plays in meeting travelers’ daily essential travel needs in rural 
settings.

Rural fully equipped and car-deficit travelers are slightly more likely (15% and 11%, 
respectively), than their nonrural peers to report that travel is a financial burden. This may 
be attributable to differences in perceptions of travel costs relative to income and other 
costs as well as higher costs of car ownership and maintenance in rural areas where people 
drive longer distances. In contrast, rural carless travelers are actually less likely (14%) to 
report that travel is a financial burden than their nonrural carless peers. Again, this may 
relate to perceptions of travel costs relative to income and other costs, and it may also relate 
to differences in whether and how rural carless residents travel.

Disparities in commute times between rural and nonrural areas are striking for carless 
travelers: rural carless travelers on average spend 1.4 times per trip as long as their nonrural 
peers (48 min vs. 35 min). Differences among car-deficit travelers between rural and non-
rural areas are much smaller. In the case of car-deficit travelers, rural residents travel for 
slightly less time per trip than nonrural residents (26.5 min vs. 28.4 min). Longer commute 
times among rural carless residents may stem from longer travel distances, a reliance on 
non-auto modes even when they are relatively low-quality options, or negotiations of car-
sharing and carpooling among commuters without ready access to a household car.

Rural carlessness, disparities, and inequities

Rural carless and car-deficit travelers are also less mobile and experience higher travel bur-
dens and barriers than their rural fully equipped peers. Disparities in mobility barriers and 
burdens by car access are derived from the NHTS data (Table 3). Compared to their rural 
fully equipped peers, rural carless and car-deficit travelers are 2.7 times and 1.8 times more 
likely to make no trips on the travel day, respectively. These disparities in making no trips 
by car access in rural areas appear to be more severe than their nonrural counterparts.

In order to understand the extent to which fewer trips reflect a burden, we focus on those 
who cite a reason for not making a trip that reflects their limited ability to do so, which we 
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consider a measure of unmet need. Looking at this unmet need, we find that rural carless 
and car-deficit travelers are 28 times and 10.8 times more likely to make no trips due to 
lack of transportation options (Table 3). This difference may also be attributed to differ-
ences in the built environment—for instance fewer destinations in rural areas than nonrural 
areas (Voulgaris et al. 2016)—as well as differences in the sociodemographic characteris-
tics between rural carless and car-deficit residents and their rural fully equipped peers.

Rural carless and car-deficit travelers are slightly more likely than their rural fully 
equipped peers to report that travel is a financial burden; differences appear to be more 
severe for rural car-deficit travelers (15%) than rural carless travelers (7%). This may be 
attributable to differences in perceptions of travel costs relative to income and other costs 
as well as higher costs of car ownership and maintenance in rural areas where people drive 
longer distances, particularly among rural car-deficit residents, relative to their rural peers. 
The commute time for rural carless travelers is nearly 1.7 times as long as the commute 
time for their rural fully equipped peers (Table 3), which may be attributed to the longer 
distances to destinations as well as the use of slower modes, with about half of rural carless 
residents carpooling, riding public transit, biking, or walking to get to work compared to 
2% of their rural fully equipped peers (Fig. 3).

Discussion and conclusions

One difficult but critical question that has attracted the attention of transportation prac-
titioners and scholars is who needs what access options, as well as where and when. For 
instance, whether people walk or bike for transportation is not only a representation of 
individual characteristics (e.g., age, income, gender, and ability to walk or bike), but also a 
reflection of place characteristics of where they live (e.g., infrastructure, land use types that 
make walking or biking more feasible). Moreover, the confluence of socioeconomic char-
acteristics and uneven distributions of transportation infrastructure may further exaggerate 
mobility inequity issues that disadvantaged groups face—for instance carless people who 
are Native Americans and live in rural areas. However, attention to the intersection of soci-
oeconomic factors, car access, transportation options, and rural–nonrural status, is limited.

This study contributes to scholarly literature and practice in the following respects. This 
study advances our understanding of the scope and scale of household car access, extend-
ing prior literature that has primarily focused on localities to a nationwide perspective, as 
well as revealing who lacks a car, and whether and how carless households and residents 
get around when household car access is not an option. Importantly, we further provide evi-
dence on rural–nonrural differences in socioeconomic and mobility characteristics among 
carless and car-deficit households and residents as a combination of disparities in the status 
and degrees of car access, socioeconomic disadvantages, alternative transportation options, 
and travel barriers and burdens, within and between rural and nonrural areas.

Findings show that mobility inequities that carless and car-deficit residents and house-
holds face are pervasive and are exacerbated by living in rural areas due to longer travel 
distances between destinations and limited transportation options, compared to their coun-
terparts in nonrural areas or the nation as a whole. We find that although 76% of carless 
residents are concentrated in nonrural areas, more than 4% of the rural population in the 
U.S., or 4.3 million residents, do not have a car. Compared to their rural fully equipped 
counterparts, rural carless households and residents earn 64% less. After controlling for 
other factors, rural Native Americans, Black, and Asian people have a 2.1 times, 1.3 times, 
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and 1.3 times the odds of being carless or in a car-deficit status than their rural white peers, 
respectively, and rural residents with a less than high school degree have a 2.8 times the 
odds of being carless or in a car-deficit status than their rural peers with a Bachelor’s 
degree or above. Disadvantages that rural carless households and residents face are further 
exaggerated by rural–nonrural disparities in other socioeconomic characteristics, with rural 
carless households earning 40% less compared to their nonrural counterparts. Rural Native 
Americans have a 2.1 times the odds of being carless or in a car-deficit status than their 
rural white peers, compared to 1.3 times in the nonrural comparison.

Similar patterns are evident for rural–nonrural mobility disparities. Our analysis shows 
that rural carless residents must adapt their travel modes by relying on traveling by car-
pooling, biking, and walking rather than driving alone more frequently than their rural 
fully equipped peers (60% vs. 15%), while a significantly smaller proportion of rural car-
less residents bike, walk, or take transit for work trips when compared to their nonrural 
peers (39% vs. 75%), which may indicate underinvestment or infeasibility of using alter-
native modes in some rural areas. Evidence also shows that rural carless travelers are 28 
times and 2.3 times more likely to make no trips due to a lack of transportation options 
than their rural fully equipped peers and nonrural peers, respectively. Moreover, rural car-
less travelers take a much longer time to make their daily commute trips (48 min) when 
compared with their rural fully equipped peers (29 min) and their nonrural peers (35 min). 
These findings together suggest that the confluence of lack of car access and rural settings 
are compelling indicators of mobility barriers and burdens and that disparities in who is 
burdened are pervasive across rural and nonrural areas, with these disparities presenting as 
more severe in rural areas in many cases.

When we consider whether people did not travel on the travel day for any reason or due 
to lack of transportation options, we observe the importance of car access. Across all levels 
of car access, people who reside in rural areas are more likely to not travel on the surveyed 
travel day. This supports prior work that finds that rural residents typically make fewer 
but longer trips because getting places is more challenging with longer distances between 
destinations and fewer transportation options. We then compare the rates at which rural and 
nonrural travelers with different levels of car access did not travel on the travel day. We find 
that rural travelers with limited car access are more likely to make no trips, relative to their 
nonrural peers. Rural carless travelers are almost twice as likely to make no trips than their 
nonrural carless peers.

Lower rates of trip making among rural carless and car-deficit travelers, compared to 
their nonrural peers, may stem from less need (which may be correlated to a lack of car 
access) or greater unmet need. Extending this analysis to whether people do not travel on 
the travel day due to lack of transportation options provides an indication of the cause of 
these travelers’ lower trip rates. We find no difference in the rate at which rural and non-
rural fully equipped travelers do not travel due to lack of transportation options. However, 
rural carless and car-deficit travelers are more than twice as likely not to travel due to lack 
of options than their nonrural peers. Within rural areas, we observe a substantial disparity 
in the rates at which carless and car-deficit travelers do not travel due to lack of options, 
relative to their rural fully equipped peers. Rural carless and car-deficit travelers are 28 
times and 10.8 times more likely to not travel due to lack of options than their rural fully 
equipped peers, respectively. This gap is twice the disparity that exists between nonrural 
fully equipped travelers and their carless peers in nonrural areas.

Evaluating perceptions of the financial burden of travel, we find that compared to their 
nonrural peers, rural fully equipped and car-deficit travelers are slightly more likely to 
report that travel is a financial burden; in contrast, rural carless travelers are actually less 
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likely to report that travel is a financial burden. When we couple our analysis of financial 
burden with our mobility-related burdensome travel outcomes, we better understand the 
implications of rural car access. We posit that rural households and residents are faced with 
a choice: either meet mobility needs and undertake the financial burden of car access or 
alleviate the financial burden of car ownership and suffer reduced mobility. There may be a 
host of factors that influence this decision, such as medical need, employment, or presence 
of children, but the decision of owning a car (or not) has substantial mobility and financial 
implications that are intensified in rural areas.

In short, we find that lack of car access is strongly tied to unmet travel need among 
rural residents, consistent with a controlled analysis described elsewhere (Espeland and 
Rowangould 2023). Almost half (47%) of all rural carless travelers did not leave their home 
on the surveyed travel day. Of all rural carless travelers, 1 in 20 did not travel on the travel 
day due to lack of options, which equates to approximately 100,000 people nationwide. 
This inability to travel may preclude people from visiting important destinations such as 
employment or school, the doctor, a food outlet, or social and recreational destinations. 
Though they are relatively rare occurrences, it is important to consider the scale of these 
events and their potentially deep impact on those who are affected.

Without targeted interventions that are designed for rural areas, rural households and 
residents having no or limited car access are likely to be left behind in a transition to sus-
tainable communities that focus on reductions in car travel by increasing walking, biking, 
transit, and carpooling, as these alternatives are often not widely available in rural com-
munities. At the same time, a push for electric vehicle adoption to address greenhouse gas 
mitigation goals risks leaving behind rural households and residents who may not be able 
to drive or afford a newer vehicle and who also face fewer (or no) alternatives compared 
to their nonrural counterparts. Thus, rural carless and car-deficit households and residents 
merit additional attention in research and practice and proactive policy interventions. This 
study highlights the importance of addressing rural–nonrural disparities, and particularly 
barriers and challenges that rural carless households and residents face when seeking to 
improve mobility, accessibility, and equity, and ensuring a smooth transition to sustainable 
and innovative transportation systems.

This study includes some limitations. First, despite the profound rural–nonrural dis-
parities in socioeconomic characteristics and mobility outcomes for carless and car-deficit 
households and residents observed, the use of a binary indicator to distinguish rural and 
nonrural areas is a simplification of the variation that occurs across rural contexts, which 
can include centralized communities such as small cities and towns, as well as medium 
and low-density dispersed settlements (Isserman 2005; Mattioli 2014; Millward and Spin-
ney 2011). Future work should use a more comprehensive and nuanced indicator of rural-
ity. Although it is not our focus, the simplification of nonrural areas (including large cit-
ies, mid-sized cities, suburbs, etc.) also obscures some of the patterns in comparisons with 
nonrural areas. Second, this study focuses on understanding the scope, scale, and degrees 
of car access between and within rural and nonrural areas at a nationwide scale, revealing 
characteristics of carless and car-deficit households and residents and their travel outcomes, 
and importantly quantifying differences in socioeconomic disadvantages and mobility 
inequities that rural carless and car-deficit households and residents face relative to their 
nonrural peers. Future work should address the prediction strength of associated character-
istics that are found to be influential in this study, including socioeconomic disadvantages, 
transportation options, rural status, and the confluence of person and place characteristics, 
to one’s status and degrees of car access. Lastly, due to data limitations, our findings on 
transportation modes by car access and rural–nonrural disparities derived from the PUMS 
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data, are restricted to work trips. The small sample size of rural data from the NHTS limits 
the power of the statistical analysis.

Supplementary Information  The online version contains supplementary material available at https://​doi.​
org/​10.​1007/​s11116-​023-​10429-6.

Acknowledgements  The authors would like to acknowledge the sponsors in supporting this study: the Cali-
fornia Department of Transportation (Caltrans), the National Center for Sustainable Transportation (NCST) 
at University of California Davis (UCD) and The University of Vermont (UVM), the U.S. Department of 
Transportation’s University Transportation Centers Program, and the U.S. DOT Dwight D. Eisenhower 
Transportation Fellowship Program.

Author contributions  The authors confirm contribution to the paper as follows: study conception and 
design: JMB, DR, WW, and SE; data collection: WW and SE; analysis and interpretation of results: WW, 
SE, JMB, and DR; draft manuscript preparation: WW, SE, JMB, and DR. All authors reviewed the results 
and approved the final version of the manuscript.

Funding  The study is sponsored by the following organizations: the California Department of Transporta-
tion (Caltrans), the National Center for Sustainable Transportation (NCST) at University of California Davis 
(UCD) and The University of Vermont (UVM), the U.S. Department of Transportation’s University Trans-
portation Centers Program, and the U.S. Department of Transportation’s Dwight D. Eisenhower Transporta-
tion Fellowship Program.

Data availability  The data and materials used in the study are publicly available.

Declarations 

Conflict of interests  The authors declare no competing interests.

Ethical approval  Not applicable.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

2015-2019 5-Year American Community Survey Original Codebook, IPUMS USA, 2021. https://​usa.​ipums.​
org/​usa/​volii/​codeb​ooks.​shtml

Anowar, S., Eluru, N., Miranda-Moreno, L.F.: Alternative modeling approaches used for examining auto-
mobile ownership: A comprehensive review. Transp. Rev. 34(4), 441–473 (2014). https://​doi.​org/​10.​
1080/​01441​647.​2014.​915440

Barajas, J.M., Wang, W.: Mobility justice in rural california: examining transportation barriers and adapta-
tions in carless households. (2022).https://​doi.​org/​10.​7922/​G2X92​8NC

Bastiaanssen, J., Johnson, D., Lucas, K.: Does transport help people to gain employment? A systematic 
review and meta-analysis of the empirical evidence. Transp. Rev. 40(5), 607–628 (2020). https://​doi.​
org/​10.​1080/​01441​647.​2020.​17475​69

Basu, R., Ferreira, J.: Understanding household vehicle ownership in Singapore through a comparison of 
econometric and machine learning models. Transp. Res. Procedia 48, 1674–1693 (2020). https://​doi.​
org/​10.​1016/j.​trpro.​2020.​08.​207

https://doi.org/10.1007/s11116-023-10429-6
https://doi.org/10.1007/s11116-023-10429-6
http://creativecommons.org/licenses/by/4.0/
https://usa.ipums.org/usa/volii/codebooks.shtml
https://usa.ipums.org/usa/volii/codebooks.shtml
https://doi.org/10.1080/01441647.2014.915440
https://doi.org/10.1080/01441647.2014.915440
https://doi.org/10.7922/G2X928NC
https://doi.org/10.1080/01441647.2020.1747569
https://doi.org/10.1080/01441647.2020.1747569
https://doi.org/10.1016/j.trpro.2020.08.207
https://doi.org/10.1016/j.trpro.2020.08.207


	 Transportation

1 3

Blumenberg, E., Pierce, G.: Automobile ownership and travel by the poor: evidence from the 2009 national 
household travel survey. Transp. Res. Record J. Transp. Res. Board 2320(1), 28–36 (2012). https://​doi.​
org/​10.​3141/​2320-​04

Blumenberg, E., Brown, A., Schouten, A.: Car-deficit households: determinants and implications for 
household travel in the U.S. Transportation 47(3), 1103–1125 (2020). https://​doi.​org/​10.​1007/​
s11116-​018-​9956-6

Brown, A.E.: Car-less or car-free? Socioeconomic and mobility differences among zero-car households. 
Transp. Policy 60, 152–159 (2017). https://​doi.​org/​10.​1016/j.​tranp​ol.​2017.​09.​016

Carlson, S.A., Whitfield, G.P., Peterson, E.L., Ussery, E.N., Watson, K.B., Berrigan, D., Fulton, J.E.: Geo-
graphic and urban-rural differences in walking for leisure and transportation. Am. J. Prev. Med. 55(6), 
887–895 (2018). https://​doi.​org/​10.​1016/j.​amepre.​2018.​07.​008

Chan, L., Hart, L.G., Goodman, D.C.: Geographic access to health care for rural medicare beneficiaries. J. 
Rural Health 22(2), 140–146 (2006). https://​doi.​org/​10.​1111/j.​1748-​0361.​2006.​00022.x

Charles, K.K., Hurst, E., Stephens, M.: Rates for vehicle loans: race and loan source. Am Econ Rev 
98(2), 315–320 (2008)

Cristancho, S., Garces, D.M., Peters, K.E., Mueller, B.C.: Listening to rural hispanic immigrants in the 
midwest: a community-based participatory assessment of major barriers to health care access and 
use. Qual. Health Res. 18(5), 633–646 (2008). https://​doi.​org/​10.​1177/​10497​32308​316669

Cutsinger, J., Galster, G.: There is no sprawl syndrome: a new typology of metropolitan land use pat-
terns. Urban Geogr. 27(3), 228–252 (2006). https://​doi.​org/​10.​2747/​0272-​3638.​27.3.​228

Davis, J.C., Rupasingha, A., Cromartie, J., Sanders, A.: Rural America at a Glance: 2022 Edition. Eco-
nomic Research Service, USDA, (2022)

Delbosc, A., Currie, G.: The spatial context of transport disadvantage, social exclusion and well-being. 
J. Transp. Geogr. 19(6), 1130–1137 (2011). https://​doi.​org/​10.​1016/j.​jtran​geo.​2011.​04.​005

Espeland, S., Rowangould, D.: Rural Travel Burdens in the United States: Unmet Need and Costs. Work-
ing paper. (2023)

Fletcher, C.N., Garasky, S.B., Jensen, H.H., Nielsen, R.B.: Transportation access: a key employment 
barrier for rural low-income families. J. Poverty 14(2), 123–144 (2010). https://​doi.​org/​10.​1080/​
10875​54100​37115​81

Fox, J., Monette, G.: Generalized collinearity diagnostics. J. Am. Stat. Assoc. 87(417), 178–183 (1992). 
https://​doi.​org/​10.​1080/​01621​459.​1992.​10475​190

Garasky, S., Fletcher, C.N., Jensen, H.H.: Transiting to work: the role of private transportation for low-
income households. J. Consum. Aff. 40(1), 64–89 (2006). https://​doi.​org/​10.​1111/j.​1745-​6606.​
2006.​00046.x

Glaeser, E.L., Kahn, M.E., Rappaport, J.: Why do the poor live in cities? The role of public transporta-
tion. J. Urban Econ. 63(1), 1–24 (2008). https://​doi.​org/​10.​1016/j.​jue.​2006.​12.​004

Goins, R.T., Williams, K.A., Carter, M.W., Spencer, S.M., Solovieva, T.: Perceived barriers to health 
care access among rural older adults: a qualitative study. J. Rural Health 21(3), 206–213 (2005). 
https://​doi.​org/​10.​1111/j.​1748-​0361.​2005.​tb000​84.x

Gurley, T., Bruce, D.: The effects of car access on employment outcomes for welfare recipients. J. Urban 
Econ. 58(2), 250–272 (2005). https://​doi.​org/​10.​1016/j.​jue.​2005.​05.​002

Hoggart, K.: Let’s do away with rural. J. Rural. Stud. 6(3), 245–257 (1990). https://​doi.​org/​10.​1016/​
0743-​0167(90)​90079-N

Isserman, A.M.: In the national interest: defining rural and urban correctly in research and public policy. 
Int. Reg. Sci. Rev. 28(4), 465–499 (2005). https://​doi.​org/​10.​1177/​01600​17605​279000

King, D.A., Smart, M.J., Manville, M.: The poverty of the carless: toward universal auto access. J. 
Plann. Educ. Res. (2019). https://​doi.​org/​10.​1177/​07394​56X18​823252

Klein, N.J.: Subsidizing car ownership for low-income individuals and households. J. Plann. Educ. Res. 
(2020). https://​doi.​org/​10.​1177/​07394​56X20​950428

Klein, N.J., Smart, M.J.: Car today, gone tomorrow: the ephemeral car in low-income, immi-
grant and minority families. Transportation 44(3), 495–510 (2017). https://​doi.​org/​10.​1007/​
s11116-​015-​9664-4

Lichtenwalter, S., Koeske, G., Sales, E.: Examining transportation and employment outcomes: evidence 
for moving beyond the bus pass. J. Poverty 10(1), 93–115 (2006). https://​doi.​org/​10.​1300/​J134v​
10n01_​05

Lichter, D.T.: Immigration and the new racial diversity in rural America*: Immigration and the new racial 
diversity in rural America. Rural Sociol. 77(1), 3–35 (2012). https://​doi.​org/​10.​1111/j.​1549-​0831.​
2012.​00070.x

https://doi.org/10.3141/2320-04
https://doi.org/10.3141/2320-04
https://doi.org/10.1007/s11116-018-9956-6
https://doi.org/10.1007/s11116-018-9956-6
https://doi.org/10.1016/j.tranpol.2017.09.016
https://doi.org/10.1016/j.amepre.2018.07.008
https://doi.org/10.1111/j.1748-0361.2006.00022.x
https://doi.org/10.1177/1049732308316669
https://doi.org/10.2747/0272-3638.27.3.228
https://doi.org/10.1016/j.jtrangeo.2011.04.005
https://doi.org/10.1080/10875541003711581
https://doi.org/10.1080/10875541003711581
https://doi.org/10.1080/01621459.1992.10475190
https://doi.org/10.1111/j.1745-6606.2006.00046.x
https://doi.org/10.1111/j.1745-6606.2006.00046.x
https://doi.org/10.1016/j.jue.2006.12.004
https://doi.org/10.1111/j.1748-0361.2005.tb00084.x
https://doi.org/10.1016/j.jue.2005.05.002
https://doi.org/10.1016/0743-0167(90)90079-N
https://doi.org/10.1016/0743-0167(90)90079-N
https://doi.org/10.1177/0160017605279000
https://doi.org/10.1177/0739456X18823252
https://doi.org/10.1177/0739456X20950428
https://doi.org/10.1007/s11116-015-9664-4
https://doi.org/10.1007/s11116-015-9664-4
https://doi.org/10.1300/J134v10n01_05
https://doi.org/10.1300/J134v10n01_05
https://doi.org/10.1111/j.1549-0831.2012.00070.x
https://doi.org/10.1111/j.1549-0831.2012.00070.x


Transportation	

1 3

Lovejoy, K., Handy, S.: A case for measuring individuals’ access to private-vehicle travel as a matter of 
degrees: Lessons from focus groups with Mexican immigrants in California. Transportation 35(5), 
601–612 (2008). https://​doi.​org/​10.​1007/​s11116-​008-​9169-5

Mattioli, G.: Where sustainable transport and social exclusion meet: households without cars and car 
dependence in Great Britain. J. Environ. Plann. Policy Manage. 16(3), 379–400 (2014). https://​doi.​
org/​10.​1080/​15239​08X.​2013.​858592

Mattson, J.: Transportation, distance, and health care utilization for older adults in rural and small urban 
areas. Transp. Res. Record J. Transp. Res. Board 2265(1), 192–199 (2011). https://​doi.​org/​10.​3141/​
2265-​22

McAndrews, C., Tabatabaie, S., Litt, J.S.: Motivations and strategies for bicycle planning in rural, sub-
urban, and low-density communities: the need for new best practices. J. Am. Plann. Assoc. 84(2), 
99–111 (2018). https://​doi.​org/​10.​1080/​01944​363.​2018.​14388​49

McGuckin, N., Fucci, A.: Summary of Travel Trends: 2017 National Household Travel Survey. FHWA-
PL-18-019. (2018).

Millward, H., Spinney, J.: Time use, travel behavior, and the rural–urban continuum: results from the 
Halifax STAR project. J. Transp. Geogr. 19(1), 51–58 (2011). https://​doi.​org/​10.​1016/j.​jtran​geo.​
2009.​12.​005

Mitra, S.K., Saphores, J.-D.M.: Carless in California: Green choice or misery? J. Transp. Geogr. 65, 
1–12 (2017). https://​doi.​org/​10.​1016/j.​jtran​geo.​2017.​09.​016

Mitra, S.K., Saphores, J.-D.M.: How do they get by without cars? An analysis of travel characteristics of 
carless households in California. Transportation 47(6), 2837–2858 (2020). https://​doi.​org/​10.​1007/​
s11116-​019-​09994-6

Morris, E.A., Blumenberg, E., Guerra, E.: Does lacking a car put the brakes on activity participation? 
Private vehicle access and access to opportunities among low-income adults. Transp. Res. A Policy 
Pract. 136, 375–397 (2020). https://​doi.​org/​10.​1016/j.​tra.​2020.​03.​021

Ong, P.M., Stoll, M.A.: Redlining or risk? A spatial analysis of auto insurance rates in Los Angeles. J. 
Policy Anal. Manage. 26(4), 811–830 (2007). https://​doi.​org/​10.​1002/​pam.​20287

Potoglou, D., Susilo, Y.O.: Comparison of vehicle-ownership models. Transp. Res. Record J. Transp. 
Res. Board 2076(1), 97–105 (2008). https://​doi.​org/​10.​3141/​2076-​11

Pucher, J., Renne, J.L.: Rural mobility and mode choice: evidence from the 2001 national household 
travel survey. Transportation 32(2), 165–186 (2005). https://​doi.​org/​10.​1007/​s11116-​004-​5508-3

Pyrialakou, V.D., Gkritza, K., Fricker, J.D.: Accessibility, mobility, and realized travel behavior: assess-
ing transport disadvantage from a policy perspective. J. Transp. Geogr. 51, 252–269 (2016). https://​
doi.​org/​10.​1016/j.​jtran​geo.​2016.​02.​001

Ralph, K., Voulgaris, C.T., Taylor, B.D., Blumenberg, E., Brown, A.E.: Millennials, built form, and 
travel insights from a nationwide typology of U.S. neighborhoods. J. Transp. Geogr. 57, 218–226 
(2016). https://​doi.​org/​10.​1016/j.​jtran​geo.​2016.​10.​007

Ralph, K., Voulgaris, C.T., Brown, A.: Travel and the built environment: insights using activity densi-
ties, the sprawl index, and neighborhood types. Transp. Res. Record J. Transp. Res. Board 2653(1), 
1–9 (2017). https://​doi.​org/​10.​3141/​2653-​01

Raphael, S., Rice, L.: Car ownership, employment, and earnings. J. Urban Econ. 52(1), 109–130 (2002). 
https://​doi.​org/​10.​1016/​S0094-​1190(02)​00017-7

Raphael, S., Stoll, M.A.: Can boosting minority car-ownership rates narrow inter-racial employment 
gaps? Brookings-Wharton Papers on Urban Affairs 2001(1), 99–145 (2001). https://​doi.​org/​10.​
1353/​urb.​2001.​0013

Sikder, S.: Who uses ride-hailing services in the United States? Transp. Res. Record J. Transp. Res. 
Board 2673(12), 40–54 (2019). https://​doi.​org/​10.​1177/​03611​98119​859302

Skinner, A.C., Slifkin, R.T.: Rural/Urban differences in barriers to and burden of care for children with 
special health care needs. J. Rural Health 23(2), 150–157 (2007). https://​doi.​org/​10.​1111/j.​1748-​
0361.​2007.​00082.x

Transportation Economic Trends | Bureau of Transportation Statistics. (2022). https://​www.​bts.​gov/​
produ​ct/​trans​porta​tion-​econo​mic-​trends

USDA: Rural Hispanics At A Glance. Economic Research Service, U.S. Department of Agriculture. 
Retrieved on August 26, 2023. (2005). https://​www.​ers.​usda.​gov/​webdo​cs/​publi​catio​ns/​44570/​
29568_​eib8f​ull.​pdf?v

USDA: Rural Poverty & Well-Being. Economic Research Service, U.S. Department of Agriculture. 
Retrieved on May 29, 2023. (2022). https://​www.​ers.​usda.​gov/​topics/​rural-​econo​my-​popul​ation/​
rural-​pover​ty-​well-​being/#​histo​ric

https://doi.org/10.1007/s11116-008-9169-5
https://doi.org/10.1080/1523908X.2013.858592
https://doi.org/10.1080/1523908X.2013.858592
https://doi.org/10.3141/2265-22
https://doi.org/10.3141/2265-22
https://doi.org/10.1080/01944363.2018.1438849
https://doi.org/10.1016/j.jtrangeo.2009.12.005
https://doi.org/10.1016/j.jtrangeo.2009.12.005
https://doi.org/10.1016/j.jtrangeo.2017.09.016
https://doi.org/10.1007/s11116-019-09994-6
https://doi.org/10.1007/s11116-019-09994-6
https://doi.org/10.1016/j.tra.2020.03.021
https://doi.org/10.1002/pam.20287
https://doi.org/10.3141/2076-11
https://doi.org/10.1007/s11116-004-5508-3
https://doi.org/10.1016/j.jtrangeo.2016.02.001
https://doi.org/10.1016/j.jtrangeo.2016.02.001
https://doi.org/10.1016/j.jtrangeo.2016.10.007
https://doi.org/10.3141/2653-01
https://doi.org/10.1016/S0094-1190(02)00017-7
https://doi.org/10.1353/urb.2001.0013
https://doi.org/10.1353/urb.2001.0013
https://doi.org/10.1177/0361198119859302
https://doi.org/10.1111/j.1748-0361.2007.00082.x
https://doi.org/10.1111/j.1748-0361.2007.00082.x
https://www.bts.gov/product/transportation-economic-trends
https://www.bts.gov/product/transportation-economic-trends
https://www.ers.usda.gov/webdocs/publications/44570/29568_eib8full.pdf?v
https://www.ers.usda.gov/webdocs/publications/44570/29568_eib8full.pdf?v
https://www.ers.usda.gov/topics/rural-economy-population/rural-poverty-well-being/#historic
https://www.ers.usda.gov/topics/rural-economy-population/rural-poverty-well-being/#historic


	 Transportation

1 3

Voulgaris, C.T., Taylor, B.D., Blumenberg, E., Brown, A., Ralph, K.: Synergistic neighborhood relation-
ships with travel behavior: an analysis of travel in 30,000 US neighborhoods. J. Transp. Land Use 
(2016). https://​doi.​org/​10.​5198/​jtlu.​2016.​840

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

Weijing Wang  is a Ph.D. student in the Transportation Technology and Policy program at the University 
of California, Davis. Her research interest centers around transportation, equity and justice, safety, and 
planning.

Sierra Espeland  recently completed a Master of Science in Civil and Environmental Engineering at the Uni-
versity of Vermont. Sierra’s research interest centers around transportation equity and justice, and safety.

Jesus M. Barajas  is an Assistant Professor in the Department of Environmental Science and Policy at the 
University of California, Davis. He studies issues of transportation equity and justice in planning, decision 
making, and safety.

Dana Rowangould  is an Assistant Professor in the Department of Civil and Environmental Engineering at 
the University of Vermont. Her research focuses on transportation equity and justice, rural travel behavior, 
and accessibility.

Authors and Affiliations

Weijing Wang1   · Sierra Espeland4   · Jesus M. Barajas3   · Dana Rowangould2 

 *	 Weijing Wang 
	 weijingw@ucdavis.edu

	 Sierra Espeland 
	 Sierra.Espeland@dot.gov

	 Jesus M. Barajas 
	 jmbarajas@ucdavis.edu

	 Dana Rowangould 
	 dana.rowangould@uvm.edu

1	 Institute of Transportation Studies, University of California, Davis, One Shields Ave., Davis, 
CA 95616, USA

2	 Department of Civil and Environmental Engineering, University of Vermont, 25 Colchester Ave., 
Burlington, VT 05405, USA

3	 Department of Environmental Science and Policy, University of California, Davis, One Shields 
Ave., Davis, CA 95616, USA

4	 Office of Vehicle Crash Avoidance and Electronic Controls Research, National Highway Traffic 
Safety Administration, Washington, DC, USA

https://doi.org/10.5198/jtlu.2016.840
http://orcid.org/0000-0001-8528-5065
http://orcid.org/0000-0002-4272-618X
http://orcid.org/0000-0001-8966-5778
http://orcid.org/0000-0001-9839-368X

	Rural–nonrural divide in car access and unmet travel need in the United States
	Abstract
	Introduction
	Literature review
	Car access: definition, scale, and measures
	Role of socioeconomic factors in car access
	Mobility characteristics of people without cars
	Characterizing rural contexts: what is rural?
	Status and barriers to rural mobility justice

	Data and methods
	Data
	Methods
	Descriptive statistics
	Ordinal logistic regression model
	Defining and quantifying car access
	Indicating rural and nonrural areas
	Identifying socioeconomic and mobility variables


	Results
	Scope and scale of carlessness by rurality in the U.S.
	Rural–nonrural comparisons in who lacks car access
	Descriptive statistics
	Ordinal logistic regression model

	Adaptations of carlessness and modes for work trips
	Mobility barriers and burdens and rural carlessness
	Mobility barriers and burdens of carlessness
	Rural carlessness, disparities, and inequities


	Discussion and conclusions
	Anchor 28
	Acknowledgements 
	References


