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Abstract

In the U.S., households with less than one car per driver (auto-deficit households) are
more than twice as common as zero-vehicle households. Yet we know very little about
these households and their travel behavior. In this study, therefore, we examine whether
car deficits, like carlessness, are largely a result of financial constraint or of other factors
such as built environment characteristics, household structure, or household resources. We
then analyze the mobility outcomes of car-deficit households compared to the severely
restricted mobility of carless households and the largely uninhibited movement of fully-
equipped households, households with at least one car per driver. Data from the Califor-
nia Household Travel Survey show that car-deficit households are different than fully-
equipped households. They have different household characteristics, travel less, and are
more likely to use public transit. While many auto-deficit households have incomes that
presumably enable them to successfully manage with fewer cars than adults, low-income
auto-deficit households are—by definition—income constrained. Our analysis suggests that
low-income car-deficit households manage their travel needs by carefully negotiating the
use of household vehicles. In so doing, they travel far more than carless households and
use their household vehicles almost as much as low-income households with at least one
car per driver. These results suggest that the mobility benefits of having at least one car per
driver are more limited than we had anticipated. Results also indicate the importance of
transportation and employment programs to ease the potential difficulties associated with
sharing cars among household drivers.
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Introduction

With almost 85% of all trips in the U.S. taken by car, the preeminence of the auto-
mobile in American travel is unmatched (Federal Highway Administration 2009). U.S.
residents drive roughly 13,500 miles per year, and the private vehicle is the principal
mode of transportation for virtually every trip purpose (Davis et al. 2016). The central
role of the automobile is not surprising since in most metropolitan areas and in almost
all neighborhoods within them, automobiles offer greater access to destinations within
a reasonable travel time compared to other modes (Shen 2001). Consequently, scholars
find a robust and positive connection between car ownership and a range of quality-of-
life outcomes such as employment, earnings, and residential location in better quality
neighborhoods (Dawkins et al. 2015; Gurley and Bruce 2005; Raphael and Rice 2002).

American households exhibit extremely high levels of vehicle ownership: 93% of
U.S. households own at least one car, and over 65% own two or more (Ruggles et al.
2017). While 7% of American households are without a car altogether, these house-
holds potentially represent only a small proportion of the population that struggles with
inadequate vehicle access. Approximately 15% of U.S. households have fewer cars than
drivers, a percentage double that of zero-vehicles households (Federal Highway Admin-
istration 2009). Some of these car-deficit households prefer to live with fewer cars than
drivers, a decision celebrated by many urban planners seeking to reduce the negative
environmental externalities associated with driving. For other households, having fewer
vehicles than drivers may be a constraint, reflecting households’ inability to afford a
car for every household adult. Low-income households (households with incomes below
$35,000) are over one and a half times more likely to have an auto-deficit than higher-
income households (Federal Highway Administration 2009). For these households,
being car-deficient potentially limits both their mobility and access to opportunities.

Despite being twice as common as zero-vehicle households, car-deficit households
have received limited attention from U.S. scholars. In particular, crucial questions
about the determinants of car deficits and their implications for household travel remain
unanswered. This research aims to fill this gap. In this study, we draw on data from the
2012 California Household Travel Survey (CHTS) to examine the following two ques-
tions. First, are car deficits, like carlessness, largely a result of financial constraint or of
other factors, such as other household resources, household structure, or built environ-
ment characteristics? Second, how do the mobility outcomes of car-deficit households
compare to the severely restricted mobility of carless households and the largely unin-
hibited movement of “fully-equipped” households, which we define as households with
at least one car per driver?

We find that car-deficit households are different than households that are fully
equipped. They have different household characteristics, travel less, and are more likely
to use public transit. While many auto-deficit households have incomes that presum-
ably enable them to successfully manage with fewer cars than adults, low-income auto-
deficit households are—by definition—income constrained. We do not know for certain
whether they experience a latent demand for travel. However, our analysis suggests that
low-income car-deficit households manage their travel needs by carefully negotiating
the use of household vehicles. In doing so, they travel far more than carless households
and almost as much as low-income households with one or more vehicles per driver.
They also use their household vehicles as much as higher-income auto-deficit house-
holds. These results show that the mobility benefits of being fully equipped are more
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limited than we had anticipated. The results also indicate the importance of transporta-
tion and employment programs to ease the potential difficulties associated with sharing
cars among household drivers.

Household access to automobiles
Household income and car ownership

There is a strong positive relationship between income and vehicle ownership among U.S.
households (Chu 2002; Schimek 1996). Consequently, zero-car households tend to be car-
less not by choice, but due to financial constraint (Brown 2017; Klein and Smart 2017;
Mitra and Saphores 2017). Yet even households with limited financial resources place high
premiums on car ownership; data from the 2011-2015 5-Year American Community Sur-
vey show that more than 80% of individuals in poverty live in households with at least one
car (Ruggles et al. 2017). Several studies note that the Earned Income Tax Credit, which
provides low-income working families with a yearly lump-sum tax rebate of up to several
thousand dollars, is often directly converted into automobility, additional evidence of the
importance of automobiles to low-income families (Adams et al. 2009; Goodman-Bacon
and McGranahan 2008; Mendenhall et al. 2012). However, as incomes rise, the demand for
automobiles is saturated, suggesting that much of the latent or unmet demand for auto own-
ership occurs at the bottom end of the income distribution (Blumenberg and Pierce 2012;
Chu 2002; Oakil et al. 2014).

Evidence of the opposite phenomenon—the effect of falling incomes on car ownership
rates—also speaks to the importance of household vehicle ownership by highlighting the
asymmetry between elasticities of car ownership for those with rising incomes and those
with falling incomes. Dargay (2001) finds that while the elasticity of car ownership for
increasing income is quite high, car ownership elasticity is appreciably lower as incomes
fall. In other words, households are eager to commit added resources to enhanced automo-
bility, but loath to reduce their access to automobiles, even in the face of financial hard-
ship. In contrast, in a more recent study Clark et al. (2016a, p. 595) find that “reductions
in income had a stronger effect on the likelihood of vehicle losses than equal but opposite
increases in income gains.” As the authors note, this finding may be due to the lingering
effects of the economic recession, as the data were collected in 2010/11. Moreover, similar
to the findings of other studies, their analysis shows greater volatility in second household
cars compared to first cars, suggesting the desire of most households to hold on to at least
one household vehicle.

Residential location and automobile ownership

Prior to 2010, there were more than 200 studies on the relationship between the built
environment and travel (Ewing and Cervero 2010). A subset of these studies exam-
ines the role of the built environment in vehicle ownership decisions (which is related
to other household travel outcomes). Households without automobiles tend to live in
dense, transit-rich neighborhoods oftentimes located in central cities where they can use
non-auto modes to access needed destinations (Bhat and Guo 2007; Glaeser et al. 2008).
Even controlling for this residential self-selection process, some studies find relation-
ships between the characteristics of the built environment—such as transit availability

@ Springer



1106 Transportation (2020) 47:1103-1125

and street block density—and rates of automobile ownership; however, these effects are
typically smaller than the effects of demographic and economic factors such as income
(Bhat and Guo 2007; Clark et al. 2016a; Van Acker and Witlox 2010).

Other determinants of automobile ownership

In addition to income and residential location, studies show that changes in automobile
ownership are strongly related to changes in life events such as employment (e.g. new
job, retirement) and household structure (the addition or loss of household members)
(Clark et al. 20164, b; Oakil et al. 2014; Oakil et al. 2016b; Yamamoto 2008). However,
changes such as the birth of a first child, divorce, and employment may be uniquely rel-
evant to women and, as the research suggests, positively related to women’s decision to
obtain unlimited access to a vehicle (Oakil 2016).

Auto access and mobility

Most households in the U.S. are willing to commit financial resources toward car own-
ership, even if these resources are severely limited, because households with unfettered
access to automobiles also tend to have increased levels of mobility (Blumenberg and
Pierce 2012; Dieleman et al. 2002; Giuliano and Dargay 2006; Pucher and Renne 2003).
By and large, studies find that higher rates of car ownership translate into more personal
miles of travel (PMT) (Giuliano and Dargay 2006).

While more PMT is not positive a priori, the sprawling, decentralized development
patterns of most metropolitan areas in the U.S. mean that key destinations are often
spatially distant from one another and require considerable travel to access. Although
public transit theoretically could fulfill an individual’s transportation needs, the pri-
vate automobile almost universally allows people to travel further, faster, and more
efficiently than other modes (Kawabata and Shen 2007). Automobiles provide greater
access than transit to both work and non-work destinations (Kawabata and Shen 2007,
Syed et al. 2013; U.S. Department of Agriculture 2009). Cars also are more convenient
for certain trip types. For example, they can make it easier to trip chain, tours in which
travelers perform several activities at multiple locations en route to a primary desti-
nation (McGuckin et al. 2005). Trip chaining is a highly efficient way to accomplish
daily tasks; however, its complexity means that a car is a virtual necessity (Hensher
and Reyes 2000; Ye et al. 2007). Moreover, analysis of time use data suggest that some
activity types are simply better suited to automobile travel such as escorting children,
shopping, and carrying heavy goods (Mattioli et al. 2016).

The access and convenience afforded by the automobile helps to explain the growing
number of studies that show a relationship between car ownership and several quality of
life outcomes such as employment, earnings, and living in better neighborhoods (Blu-
menberg and Pierce 2017; Dawkins et al. 2015; Gurley and Bruce 2005; Raphael and
Rice 2002). Those without car access thus often face a significant disadvantage in terms
of travel efficiency, and either must spend considerable time on slow or unpredictable
transit options, or completely forego trips they deem less essential.

@ Springer



Transportation (2020) 47:1103-1125 1107

Car-deficit households

Despite the importance of the above findings, there are some notable gaps in the litera-
ture surrounding car ownership and car use. Much of the existing literature on automobile
ownership focuses on the determinants of car ownership and explanations for changes—
increases and decreases—in household vehicle fleets (Clark et al. 2016a, b; Oakil et al.
2016a). Very few studies focus specifically on auto-deficit households, either their determi-
nants or their travel characteristics. One of the most salient issues is the role of intra-house-
hold competition for and sharing of automobiles—in other words, the impact of car deficits
on travel behavior and consequent activity patterns. In households with more drivers than
vehicles, internal competition for automobile use may mitigate the salutary effects of vehi-
cle ownership, as household members are forced to allocate limited car access amongst
individuals with diverse travel schedules and needs. Conversely, households may adopt
strategies to effectively share household vehicles, suggesting potential models for either
reducing or mitigating increases in household vehicle fleets.

As we note above, intra-household competition for vehicle use is by no means rare.
Among the few existing studies, the vast majority focus on European contexts and exam-
ine the role of gender in intra-household car allocation decisions, perhaps because one-car,
male—female households are likely the most common type of car-deficit household (Ang-
graini et al. 2008; Maat and Timmermans 2009; Scheiner and Holz-Rau 2012a, b). How-
ever, virtually no attention has been paid to the factors associated with car deficits. Further,
little is known about the travel outcomes of car-deficit households. Only Delbosc and Cur-
rie (2012), in their study of Melbourne, Australia, focus specifically on the mobility and
travel behavior of households with automobile shortages. They find substantial gaps not
only in travel outcomes, but also in the psychological wellbeing of those living in “involun-
tary” car-deficit households (i.e., households that could not afford to own additional vehi-
cles). Because Delbosc and Currie’s (2012) analysis—Ilike virtually all car-deficit studies—
was performed outside of the U.S., the way in which car deficits affect travel behavior in a
U.S. context remains unexplored.

Conceptual framework

Figure 1 presents our conceptual model. Conceptually, the decision-making process gov-
erning car ownership decisions is fundamentally different for car-deficit households than
for carless or fully-equipped households. In particular, three key characteristics interact
to make car ownership decisions in car-deficit households uniquely complex: household
income, residential location, and intra-household car allocation (e.g. carpooling). We
briefly discuss each of these factors in turn.

For most households, the relationship between income and vehicle ownership is
straightforward. Carless households, the majority of whom are low-income, are typi-
cally willing to tolerate the financial strain and stress of car ownership in exchange for
the dramatic mobility benefits an automobile affords. As a result, these households often
quickly spend additional capital to purchase a vehicle (Blumenberg and Pierce 2012). In
contrast, fully-equipped households tend to eschew the substantial costs associated with
an additional car, presumably because having access to more than one car per person pro-
vides little added household mobility. For car-deficit households, however, the calculus for
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Vehicle Ownership Status Travel Outcomes

Personal Miles Travelled (PMT),
Vehicle Miles Travelled (VMT),
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0-Vehicle, Car Deficit, Fully
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Economic Characteristics Residential Location
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Children, Disability, Race,
Carpooling

Household Income Neighborhood Type

Fig. 1 Conceptual model

purchasing an additional car is more nuanced. We predict that the mobility advantages of
an extra car, while potentially significant, are far more modest than those gained from the
transition out of carlessness since households likely experience decreasing marginal ben-
efits from each additional household vehicle. Therefore, car-deficit households consider-
ing adding a household vehicle must weigh the benefits of a moderate bump in mobility
against the considerable costs associated with an extra vehicle—a calculation that, likely, is
more complex than the one faced by carless or fully-equipped households.

The impact of residential location on vehicle ownership decisions is also uniquely com-
plex in car-deficit households. If opportunities are highly accessible by non-automotive
modes, zero-car households have little incentive to obtain a vehicle. In contrast, if a com-
munity offers little in the way of transit, walking, or biking access to destinations, these
households either move to transit-rich neighborhoods (Glaeser et al. 2008), transition out
of carlessness whenever possible (Clark et al. 2016a), or remain immobile or reliant on
others for their travel (Mattioli 2014). The connection between neighborhood and car own-
ership is similarly straightforward for fully-equipped households. The centrality of the
automobile in the U.S. ensures that most neighborhoods are designed to handle a high level
of vehicle ownership. This means that, in general, fully-equipped households have little
reason to adjust their level of car access. Neighborhood characteristics, however, can exert
a distinct influence on the vehicle ownership decisions of car-deficit households. Good
transit, dense development, and mixed land uses might encourage households to shed a
car (Bhat and Guo 2007). Conversely, ample auto infrastructure might spur additional car
ownership, but only if development is sprawling and dispersed enough to require a vehicle
for every household driver.

Intra-household vehicle-allocation decisions—decisions about use of the household
vehicle fleet—are complicated in car-deficit households. Drivers in carless and fully-
equipped households typically do not compete for the use of household vehicles either
because there is no car in the household or because household drivers have access to a
vehicle whenever they need to use one. For car-deficit households, however, tension sur-
rounding the use of the household vehicle is presumably far more common, and the ability
of households to effectively negotiate the allocation of automobile use within the house-
hold will dictate their demand for further automobility. Household members may have
complementary rather than competing travel needs, allowing them to efficiently share a
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single automobile among multiple drivers; they may travel together in a single vehicle (car-
pooling); and/or one or more drivers may be able to reach their destinations using modes
other than the automobile. If these strategies are successful, car-deficit households might
face few mobility constraints, and will likely maintain a modest level of car ownership.
Conversely, if car-deficit households are unable to effectively allocate their scarce vehicle
resources, their mobility may be constrained, and they may feel pressure to purchase an
additional car.

Data and research design

To test our conceptual framework and to understand the determinants and travel behav-
ior of car-deficit households, we draw on household-level data from the 2012 California
Household Travel Survey (CHTS), a 1-day travel survey stratified to represent all house-
holds in the 58 California counties.' The sample provides detailed demographic, socioeco-
nomic, and travel data for over 42,000 households. Among these households, 80% have at
least one car per driver (“fully-equipped households”), 14% have less than a one-to-one
ratio between household cars and drivers (“car-deficit households™), and 6% live in house-
holds without a household vehicle (zero-vehicle households).

We divide our analysis in two parts. We first analyze vehicle ownership status. Using
data on household licensure and vehicle ownership, we separate households into three dif-
ferent groups: zero vehicle, car deficit (less than one driver per household car), and fully
equipped (one or more cars per driver). Household drivers are adults 20 years or older who
hold a driver’s license. We then use a multinomial logistic model to assess the relative role
of household demographic characteristics, household economic characteristics, and resi-
dential location in predicting vehicle ownership status. The model form is the following:

T(X)

1——TE(X) = fo+ Bix; + Poxy + - + ﬂpxp

The independent variables are drawn from the studies reviewed above where x; represents
a vector of household socioeconomic characteristics (e.g. age, race, household member
with a disability, number of children, and number of workers), x, represents economic sta-
tus and includes ten discrete income categories, x; is neighborhood type, and x, is metro-
politan area.

To examine the association between residential location and the three vehicle owner-
ship status groups, we draw on a unique neighborhood typology developed by Voulgaris
et al. (2016). The authors applied factor and cluster analysis to a range of tract-level built
environment characteristics, including the presence of public transit, to identify seven dis-
tinct neighborhood types. Described in Table 1, the neighborhood typology consists of
three urban, three suburban, and one rural neighborhood type. Including this neighborhood
typology in our analysis provides us with a holistic snapshot of residential location char-
acteristics assembled from numerous built environment and transit system features. The
neighborhood types have more robust associations with travel behavior than density alone

! The final survey weights were developed at the county level. However, the demographic controls and trip
correction factors were balanced at the statewide level only. All analysis utilizes survey weights.
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(Ralph et al. 2017). We also control for the three largest metropolitan areas in the state—
Los Angeles, San Francisco, and San Diego.

We then construct a set of statistical models to better understand the relationship
between vehicle ownership status (as defined above) and four different outcome meas-
ures aggregated by household: (a) personal miles traveled (PMT) (b) vehicle miles trave-
led (VMT) (c) number of trips and (d) one or more transit trips. The first two—PMT and
VMT—measure the extent of travel; the number of trips serves as a proxy for activity par-
ticipation. Finally, the likelihood of using transit on the survey day explores the relation-
ship between vehicle ownership status and the likelihood of using alternative modes of
transportation.

The models take different forms. The first two (PMT and VMT) are ordinary least
squares regressions. The distribution of these variables is highly skewed and, therefore,
requires that we use the natural logarithm of each. The third model is a negative binomial
regression appropriate for estimating count data, such as the number of trips; and the final
model is a logistic regression to predict the likelihood of taking at least one transit trip on
the survey day. In addition to vehicle ownership status, these models control for a set of
household and built environment characteristics associated with travel outcomes, including
household size, income, and residential location.

It is important to note that household vehicle ownership can be transitory (Klein and
Smart 2017). Households buy and sell vehicles depending on a host of conditions such
as fluctuations in household composition and income, the aging of household members
into driving age, the receipt of large lump-sum payments, and changes in residential loca-
tion and vehicle reliability (Clark et al. 2016a; Oakil et al. 2014). Consequently, the “auto-
deficit” category may be a function of the use of cross-sectional data—data at one point in
time—rather than a reflection of a discrete household type and, therefore, difficult to pre-
dict. Moreover, the data do not include information about household preferences related to
the automobile and travel by other modes, making it difficult to identify the extent to which
there is a latent demand for automobile travel. Research suggests that attitudes influence
automobile ownership decisions, travel behavior, as well as decisions to move to dense
urban neighborhoods to more easily travel by modes other than the automobile (Goetzke
and Weinberger 2012; Schwanen and Mokhtarian 2005).

Results: determinants of vehicle ownership status

We first examine whether car-deficit households are distinctive relative to the two other
household types—zero car and fully equipped. Table 2 includes descriptive statistics on
household structure, socioeconomics, demographics, and residential location for each of
the three household types and the significance of these characteristics relative to fully-
equipped households.

The table shows several clear differences in the composition of the three household
types, with the largest differences between zero-car households and the two other house-
hold types. Compared to car-owning households, carless households are smaller, much
poorer, and far more likely to be headed by a black or Hispanic individual and include a
household member with a disability. They also are less likely to include an adult who works
outside of the home—34% compared to over 72% in fully-equipped households. Finally,
zero-car households also live in very different types of neighborhoods than households that
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Table 2 Household and neighborhood characteristics by vehicle ownership status

Characteristics Vehicle Ownership Status All

Zero car Car deficit Fully equipped

Household characteristics

% with children under 10 10.9%5#* 18.6 17.7 17.3
% with children 13.5%%* 23.7H%% 21.8 21.4
Mean # household members 1.8%%* 3.5%%* 2.6 2.7
Mean # household adults 1.6%%** 3. 2% 2.3 24
Mean # household workers 0.5%#* 1.4 1.2 1.2
% worker in household 33.8%** 67.3%*% 72.4 68.6
Mean # household drivers 0.5%%* 2.7 1.8 1.8
Mean age (household head) 57.3%%* 53.6%** 54.8 54.8
% with a disabled member 41.2%%% 25.2% %% 15.1 18.7
Mean # cars 0.0%** 1.5%%* 2.1 1.9
% income under $35 k 75.3% %% 30. 1% 24.9 29.7
% income over 100 k 2.9 19. 1% 26.6 23.6
% White (household head) 44 6%** 583k 67.9 64.6
% Black (household head) 12.5%%% 4.6%%* 35 44
% Asian (household head) 3.3%%% 7.3%E* 54 5.5
% Hispanic (household head) 34,9%** 25.9%%* 18.8 21.1
Neighborhood characteristics

% Rural 2.8k 6.27% %% 7.9 7.2
% New development 8.2%H% 21.2%%% 24.3 22.6
% Patchwork 9.3k 12.0%** 13.5 12.9
% Established suburb 12.07%%* 22.8 22.6 21.8
% Urban residential 26.9% % 23 3k 19.6 20.7
% Mixed use 11.8%%* 4.7 4.9 5.4
% Old urban 29. 1 #%#% 9.8#%* 72 9.3
n 2458 6019 33,954 42,431

Significance values are relative to the “fully equipped” category. They are calculated using two-sample t
tests. Values without asterisks are not statistically different from the comparison category

#p <0.05; *4p <0.01; **%p <0.001

are fully equipped. Two-thirds of carless households live in urban-type neighborhoods; by
contrast, fully-equipped households are heavily suburban.

A comparison of car-deficit households and fully-equipped households reveals few dra-
matic differences. Car-deficit households are larger, more likely to be poor, less likely to
be wealthy (have household incomes over $100 k), and tend to live in neighborhoods with
slightly more urban characteristics than fully-equipped households. By and large, however,
car-deficit households are far more similar to fully-equipped households than to zero-car
households; for virtually every variable listed above, the gap between carless and car-defi-
cit households is substantially larger than the gap between car-deficit households and those
that are fully equipped.

Table 3 presents the results of the car ownership model. Coefficients represent the log
odds of a household either being carless or having a car-deficit, relative to the likelihood
of being fully equipped. We measure all independent variables at the household level. In
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Table 3 Likelihood of being a zero-car or car-deficit household relative to a fully-equipped household

Zero car Car deficit
Coefficient Standard error Coefficient Standard error

Sociodemographic characteristics
Number of workers — 0.736%*** (0.002) 0.343%%% (0.017)
Number of children — 0.325%** (0.002) — 0.061%*** (0.021)
Disability in household 0.777%%* (0.002) 0.684%** (0.008)
Age (household head) — 0.037%%*:* (0.002) — 0.055°%%#:* (0.002)
Age squared (household head) 0.0003%#** (0.00003) 0.001%%** (0.00003)
Race (household head) (reference: Non-Hispanic White)

Black 1.03 1% (0.0002) 0.288%** (0.0002)

Asian — 0.108*** (0.0002) 0.356%** (0.002)

Hispanic 0.545%%%* (0.002) 0.261%** (0.013)

Other 0.212%%* (0.0001) — 0.005%** (0.001)
Income (reference: under 10 k)
1025k — 0.73] %% (0.001) 0.065%** (0.006)
25-35k — 1.747%%* (0.0001) 0.106%** (0.003)
35-50 k — 2.364 %% (0.0002) 0.007%** (0.002)
50-75 k — 2.907%** (0.0003) — 0.248%** (0.002)
75-100 k — 3.329%%* (0.0002) — 0.32]%** (0.003)
100-150 k — 3.044%%* (0.0003) — 0.465%** (0.005)
150-200 k — 3.219%%* (0.0001) — 0.480%** (0.001)
200-250 k — 3.122%%* (0.0003) — 0.758%** (0.0004)
250 k+ — 3.994%#* (0.00002) — 0.800%** (0.001)
Unknown — 1.723%%* (0.0002) — 0.078*** (0.001)
Neighborhood type (reference: Rural)
Mixed-use 1.954%#:%% (0.0003) 0.1927%#%* (0.0003)
Old urban 2.302%%%* (0.001) 0.433%:%%* (0.003)
Urban residential 1.288%#%%* (0.003) 0.318%#%* (0.020)
Established suburb 0.737%*% (0.001) 0.228%** (0.021)
Patchwork 0.763%:#* (0.0003) 0.1227%:#% (0.0003)
New development 0.278%#:#* (0.001) 0.107%%* (0.022)
Metropolitan areas
Los Angeles — 0.265%** (0.001) — 0.074%** (0.012)
San Diego — 0.100%** (0.0001) — 0.153%** (0.001)
San Francisco 2.329%%% (0.001) 1.0227%%%* (0.001)
Constant — 0.404%** (0.0003) — 1.005%** (0.001)
Pseudo R? 170
Akaike Inf. Crit. 43,767.170 43,767.170

#p <.05; #p <.01; #+%p < 001

general, the control variables perform as expected. Race is a strong predictor of car own-
ership, and households with nonwhite heads are far more likely to be carless or have a
car deficit versus being fully equipped. Household structure also plays an important role
in vehicle ownership, and both the number of children and age of the household head
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are negatively related to the likelihood of a household having zero cars or a car deficit
(although the negative relationship with age weakens as individuals grow older). In con-
trast, the presence of household members with a disability is associated with a substantial
increase in the likelihood that the household will be carless or have a car deficit.

The number of workers in a household functions differently with respect to carlessness
and car deficits. Additional workers are negatively related to the likelihood of being carless
versus being fully equipped, with an additional worker associated with a 52% (1 —e~*73)
decrease in the odds of carlessness. Conversely, an extra employed household member is
correlated with a 41% (¢**3) higher likelihood of having a car deficit.

The fact that an additional household worker is negatively associated with the odds of
being carless but positively related to the likelihood of having a car deficit (relative to being
fully equipped) potentially stems from a confluence of factors. The first is the importance
of automobiles in accessing employment and non-work destinations (Kawabata and Shen
2007; Syed et al. 2013; U.S. Department of Agriculture 2009). The second is the role of
intra-household vehicle sharing; households with more workers may be able to maximize
the use of vehicles through sharing the vehicle (using the household vehicle at different
times or days) or carpooling. In such a context, the increased mobility afforded by a one-
to-one vehicle-to-driver ratio does not justify the added expense additional vehicles incur,
and, as the model predicts, households may be more likely to limit auto ownership than to
pursue fully-equipped status.

Household income is negatively related to being carless versus being fully equipped.
In other words, as incomes rise, households are far more likely to be fully equipped than
carless. This finding highlights the fact that zero-car households, with their severely lim-
ited mobility, seem to clearly favor increasing their vehicle ownership levels, even among
the very poor. As with zero-car households, the relationship between income and having
a car deficit (relative to being fully equipped) is also negative. However, this association
holds only for households with incomes above $50,000. Households at the lower end of
the income distribution—those earning between $10,000 and $50,000—are actually more
likely to maintain a car deficit than to be fully equipped. For this income group, the finding
almost certainly stems from the inherent tension outlined in the conceptual framework—a
tension in which low-income households must balance the mobility gains of vehicle own-
ership against the costs associated with the purchase and upkeep of an automobile. For
low-income households with a car deficit, the mobility gains of being a fully-equipped
household may not justify the heightened purchase and maintenance costs of an additional
vehicle.

Finally, like other studies find, residential location is related to vehicle ownership sta-
tus. Compared to households living in Rural neighborhoods, residence in any of the other
neighborhood types is associated with a higher probability of either carlessness or a car
deficit, with the largest effect for residents in Old Urban neighborhoods. Residence in the
San Francisco metropolitan area, even controlling for neighborhood type, is also associ-
ated with a higher probability of being either carless or having a car deficit. These findings
suggest that, at least to some degree, living in dense urban areas can compensate for lim-
ited automobility. For car-deficit households, these neighborhoods may offer high-quality
transit service that meets the households’ travel needs. To be sure, there is undoubtedly
endogeneity at play in these results. People who, for whatever reason, own few automo-
biles often settle in urban neighborhoods where they can more easily travel by modes other
than the automobile (Glaeser et al. 2008). Moreover, the high likelihood of being carless or
having a car deficit in Old Urban neighborhoods is not necessarily due solely to the posi-
tive travel-related characteristics of the neighborhood. Instead, low levels of car ownership
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Table 4 Household characteristics by vehicle ownership status

Vehicle ownership status All households
Zero car Car deficit Fully equipped

Mean household characteristics
People 1.8%##% 3.5k 2.6 2.7
Adults 1.6%** 3.2%k% 2.3 2.4
Drivers 0.57%%* 2.7 1.8 1.8
Vehicles per driver 0.0%** 0.6%*%* 1.1 1.0
Car trips 1.0%** 8.2k 7.0 6.7
Carpool trips (subset of car trips) 0.9%** 5.1 3.7 3.7
Walk/bike trips 1.7%%% 1.2%%** 0.8 0.9
Transit trips 1. 1%%* 0.3%%* 0.1 0.2
Total trips 4.0%%* 9.8k 8.0 8.0
Vehicle miles traveled (VMT) 7.0%%* 57.4%%% 53.8 50.6
Personal miles traveled (PMT) 17.6%%* 63.4% %% 57.0 54.8
Car travel (min) 24 3% 149 3%k 130.8 125.0
Total travel (min) 104. 1% 186.4%%* 151.1 152.6
n 2458 6019 33,954 42,431
Mean individual characteristics
Car trips 0.6%%* 2.3Hskk 2.7 2.5

Carpool trips (subset of car trips) 0.5%%% 14 1.4 1.4
Walk/bike trips 0.97%%% 0.47%%* 0.3 0.3
Transit trips 0.6%** Q. 1%% 0.0 0.1
Total trips 2.2%%% 2. gk 3.1 3.0
Vehicle miles traveled (VMT) 3.9k 16.4%%* 20.5 18.8
Personal miles traveled (PMT) 9.8%** 18.1%%* 21.7 20.3
Car travel (min) 13.4%%* 42.5%%* 49.7 46.4
Total travel (min) 57.6 53, %%k 57.5 56.6
n 4398 19,878 84,837 109,113

Significance values are relative to the “fully equipped” category. They are calculated using two-sample t
tests. Values without asterisks are not statistically different from the comparison category

#p <0.05; *4p <0.01; **%p <0.001

likely stem, at least in part, from the expense, congestion, and inconvenience of owning a
vehicle in dense urban environments.

Results: vehicle ownership status and travel outcomes

In the second part of our analysis, we examine travel outcomes by vehicle ownership sta-
tus. Table 4 provides descriptive statistics for our three household types. Similar to Table 2,
Table 4 shows dramatic differences in travel behavior between zero-car households and
households with at least one automobile. While differences between car-deficit and fully-
equipped households remain, they are substantially smaller than the travel outcome gap
between carless and car-owning households. For example, zero-car households make far
fewer total trips, more trips by non-auto modes, and travel fewer miles compared to either
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car-deficit or fully-equipped households. Car-deficit households travel more than the other
two household types as measured by number of trips, VMT, PMT, and travel minutes
due to their larger size. However, as the data on individuals show, members of car deficit
households are more likely to use modes other than the car—transit and walk/bike.

The above table does not address the role of choice in vehicle ownership decisions, par-
ticularly for car-deficit households. In short, we seek to understand why households have
car-deficits. It is possible that some households prefer to have fewer vehicles than drivers,
perhaps to save money or space or perhaps to reduce the household’s carbon footprint. It
also is possible that car-deficit households forgo high levels of vehicle ownership because
they find it unnecessary; in other words, they are able to accomplish their desired travel
without having one car per driver. Conversely, car-deficit households may own relatively
few automobiles not by choice, but due to financial necessity. For example, they may have
a latent desire for more automobility but are unable to afford the costs of owning an addi-
tional car, and thus must make due with less than one vehicle per household driver.

Unfortunately, while the CHTS includes data on households’ reasons for carlessness
(Brown 2017; Mitra and Saphores 2017), it does not contain information on the reasons
why households have car deficits. Therefore, to assess travel behavior differences between
“preference” and “constraint” car-deficit households, we use household income as a proxy.
Given the costs associated with car ownership (American Automobile Association 2017),
we assume that low-income households (those making less than $35,000 per year) face
non-choice car deficits. Similarly, since high-income households (those making over
$100,000 per year) can, in most cases, afford to equip each household driver with a vehicle,
we assume that these households likely have a car deficit by choice. More than a quarter of
auto-deficit households have incomes less than $35,000.

Table 5 shows the characteristics of car-deficit households by three income groups. As
the bottom of Table 5 shows, there are significant differences in travel outcomes between
households that presumably have car deficits by choice and those that face car deficits
due to financial constraints. In terms of the most meaningful travel outcomes—total trips,
VMT, and PMT—Iow-income households travel far less than high-income households.
Higher-income car-deficit households make 33% more car trips, travel 42% more miles by
car, and 49% more miles overall than poor car-deficit households. Furthermore, those liv-
ing in high-income car-deficit households, despite making a relatively high number of car
trips, also make more walking and bicycle trips, and more transit trips than individuals in
low-income households. Thus while Tables 1 and 2 suggest relatively small differences
in terms of household characteristics and travel outcomes between car-deficit and fully-
equipped households, there is demonstrable diversity in travel behavior within car-deficit
households themselves.

Next, in Table 6, we examine the relationship between vehicle ownership status and
the four household travel outcomes—PMT (Model 1), VMT (Model 2), number of trips
(Model 3), and the likelihood of transit use (Model 4). The household variables in the
models largely conform to expectations. We find a strong positive relationship between the
number of household members and the four travel measures. However, controlling for other
factors, households with young children tend to travel less than other households (PMT and
VMT), make fewer trips, and are less likely to use public transit. Age is positively associ-
ated with all of our travel outcomes; the squared term indicates that travel declines with
advanced age, a finding consistent with other data (Santos et al. 2011). As expected, com-
pared to middle-income households, low-income households travel less and higher-income
households travel more. Higher-income households, however, are more likely to use transit
than middle-income households. Finally, the models show less travel and more transit use
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Table 5 Characteristics of car-deficit households by income group

Car-deficit households Fully equipped
(14 vehicle per

Low-income Medium-income High-income driver)

< $35,000 $35,000-$100,000 >$100,00

Household characteristics

People 3. 5Hskk 3 5k 3.5k 2.6
Adults 3.1k 3.2%k% 3.2k 2.3
Drivers 2.5 4% 2.8#k% 2.97%%% 1.8
Vehicles per driver 0.5%%* 0.6%** 0.6%%* 1.1
Neighborhood characteristics
% Rural 7.5 6.4 3.6%%* 7.9
% New Development 18.5%%*%* 23.6 21.8%#* 24.3
% Patchwork 12.5 11.3%%% 13.0* 13.5
% Established suburb 17.9%%** 22.9 29.1%%* 22.6
% Urban residential 27.7#%% 21.8%#% 18.9 19.6
% Mixed use 4.2 4.8 5.9 4.9
% Old urban 11,75k 9.3k 7.8 7.2
Travel outcomes
Car trips 7.2 8.6%#* 9.6%#* 7.0
Carpool trips 4.8%%* 5.2k 5.8%%% 3.7
Walk/bike trips 1.0%5%* 1.1k 1.9%% 0.8
Transit trips 0.2 0.3%%* 0.47#%% 0.1
Total trips 8.o%** 10. 1% 12.1%%* 8.0
Vehicle miles traveled =~ 48.5%%** 61.0%** 68.7#%* 53.8
(VMT)
Personal miles traveled 52.7* 66.7%** 78.7%** 57.0
(PMT)
Car travel (min) 133.8 155.6%#* 172.3%%% 130.8
Total travel (min) 167.7%#%* 189.6%#* 223.9%#% 151.1
n 1522 2555 1368 33,954

Significance values are relative to the “fully equipped” category. They are calculated using two-sample t
tests. Values without asterisks are not statistically different from the comparison category

#p <0.05; #p <0.01; #¥p <0.001

in all of the neighborhood types compared to rural areas, with the largest effect in the most
urban neighborhood types.

With respect to race and ethnicity, non-white households are more likely to use transit
than white households with the effect largest for black households, a finding consistent
with the broader literature (Giuliano 2003; Pucher and Renne 2003). Non-white house-
holds also take fewer trips than white households. However, controlling for income, black
households have higher PMT (but not VMT), perhaps reflecting the need to make long-
distance trips on public transit. Kneebone and Holmes (2015) find that in the largest met-
ropolitan areas between 2000 and 2012, the number of nearby jobs declined for everyone;
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Table 6 Vehicle ownership status and travel outcomes

Model Model 1 Model 2 Model 3 Model 4
OLS OLS Negative Binomial Logistic
Dependent variables PMT (In) VMT (In) Trips Transit

Independent variables

Vehicle ownership status (reference: Fully-equipped households)

Zero car — 0.566%** — 1.472%%* — 0.213%*** 2.493%%%
(0.034) (0.034) (0.019) (0.071)
Car deficit — 0.130%*** — 0.221%** — 0.043%** 0.915%%**
(0.022) (0.022) (0.011) (0.057)
Income (reference: $35-100 k)
Low (< $35,000) — 0.402%%** — 0.422%%** — 0.158%#** 0.296%**
(0.019) (0.020) (0.010) (0.063)
High (> $100,0000) 0.2097%%#%* 0.2017%*%* 0.0927%%*%* 0.2227%%%
(0.017) (0.018) (0.009) (0.059)
Other household characteristics
Household members 0.24 1 %#%%* 0.2227%3%% 0.250%%%* 0.245%%*%*
(0.007) (0.007) (0.004) (0.020)
1+child< 10 — 0.354%#* — 0.377%%** — 0.064%#* — 0.403 %%
(0.026) (0.026) (0.013) (0.074)
Disability in household =~ — 0.239%*%** — 0.232%** — 0.164%*** 0.007
(0.020) (0.020) (0.011) (0.061)
% of carpool trips 0.015%#%* 0.017%%* 0.0097%%*%* — 0.005%**
(0.0002) (0.0002) (0.0001) (0.001)
Race (reference: Non-Hispanic White)
Black 0.018 —0.008 — 0.156%** 0.4907%**
(0.040) (0.041) (0.022) (0.098)
Asian — 0.140%** — 0.138%** — 0.135%%** 0.262%%%*
(0.035) (0.035) (0.018) (0.091)
Hispanic 0.001 —0.027 — 0.079%** 0.445%%%
(0.021) (0.021) (0.011) (0.061)
Other — 0.109%** — 0.107*** — 0.136%** 0.069
(0.038) (0.039) (0.020) (0.126)
Age (household head) 0.028%#:#* 0.0287%#* 0.0227%%* 0.014
(0.003) (0.003) (0.002) (0.009)
Age squared (household ~ — 0.0004%#%*%* — 0.0004%** — 0.0003*** — 0.0003***
head) (0.00003) (0.00003) (0.00002) (0.0001)
Neighborhood type (reference: Rural)
Mixed-use — 0.442%** — 0.529%** 0.098%*%* 1.255%%%*
(0.038) (0.039) (0.020) (0.150)
Old urban — 0.724%%* — 0.880%** 0.009 1.553%#*
(0.038) (0.039) (0.020) (0.142)
Urban residential — 0.368*** — 0.394%#* 0.066%** 1.103%%**
(0.027) (0.027) (0.014) (0.133)
Established suburb — 0.408*** — 0.405%** 0.036%* 1.010%**
(0.027) (0.028) (0.014) (0.135)
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Table 6 (continued)

Model Model 1 Model 2 Model 3 Model 4
OLS OLS Negative Binomial Logistic

Dependent variables PMT (In) VMT (In) Trips Transit

Patchwork — 0.301%** — 0.300%** 0.078%%** 0.744%%%
(0.028) (0.028) (0.015) (0.141)

New development — 0.102%** — 0.090%** 0.025* 0.477%%*
(0.025) (0.025) (0.013) (0.139)

Metropolitan statistical areas

Los Angeles 0.728%*%#%* 0.646%%#* 0.196%%#%* 0.829%#%*
(0.020) (0.020) (0.010) (0.063)

San Diego 0.6527%#%* 0.5627%%#%* 0.204%#%%* 0.772%%%*
(0.039) (0.040) (0.020) (0.120)

San Francisco 0.745%%%* 0.440%** 0.326%** 2.088%**
(0.024) (0.024) (0.012) (0.062)

Constant 1.865%%*%* 1.709%%*%* 0.515%** — 5.200%**
(0.089) (0.092) (0.047) (0.276)

R? 0.337 0.373

Adjusted R? 0.337 0.373

Pseudo R? 184 333

Log likelihood —107,406.500 —7151.339

Theta 2.760%** (0.032)

Akaike Inf. Crit. 214,861.000 14,350.680

Residual Std. Error 1.390 1.424

(df=37,806)
F Statistic (df=23; 835.722%%%* 978.160%**
37,806)

Observations =37,830; *p<0.05 **p<0.01 ***p<0.001; standard errors are in parentheses below coef-
ficients

however, the decline was greatest for poor and non-white residents, groups most likely to
use public transit.

We are primarily interested in how vehicle ownership status relates to travel. The mod-
els show that even controlling for other characteristics, including income and residential
location, members of car-deficit households travel less than fully-equipped households;
they are also more likely to use public transit. As the descriptive statistics also show, the
effects are much larger for zero-car households but remain statistically significant for car-
deficit households.

In Fig. 2, we again examine the role of choice and constraint in travel outcomes. The
graph shows the relationship between income, vehicle ownership status, and one of our
outcome measures—PMT—using predicted values from the model.? As expected, there is
a positive relationship between income and PMT for each vehicle ownership status group.

2 In predictions, we hold all continuous variables constant at the mean. For categorical variables, we pre-
dict travel outcomes using the largest category, with neighborhood type as “New Development,” and race as
non-Hispanic white.
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Fig.2 Income, vehicle ownership status, and personal miles traveled (predicted values)

The graph also shows differences in PMT by income and vehicle ownership status. Across
all three income groups, auto-deficit households travel less than fully-equipped households,
with zero-car households traveling the least. However, households gain far more mobil-
ity transitioning from having zero-cars to having a vehicle (regardless of the number of
drivers) compared to moving from auto deficit to fully equipped. On average, low-income
fully-equipped households travel just four more miles a day than low-income auto-deficit
households, compared to 15 miles more than low-income carless households.

Despite traveling fewer miles than higher-income households, low-income auto-deficit
households use their vehicles about as much as auto-deficit households in the other two
income groups. In a supplementary analysis, we focus on the vehicles themselves rather
than the travel behavior of individuals in households. We calculate the mean miles per
household automobile by income group (without controlling for other factors). As Fig. 3
shows, miles-per-vehicle is higher in auto-deficit households than in fully-equipped house-
holds for all income groups. In other words, when household members must share an auto-
mobile, the automobile gets more use, suggesting that low-income households carefully
manage their household fleet to accomplish their necessary travel.

Conclusion

What do we now know about auto-deficit households in the U.S.? Although much of the
scholarly attention has centered on zero-vehicle households, there are more than twice as
many auto-deficit households as zero-vehicle households. The biggest differences in the
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Fig. 3 Daily miles per household automobile by household vehicle ownership and income

characteristics of households by vehicle ownership status occur when households move
from carlessness to auto ownership. Yet significant differences remain between auto-deficit
and fully-equipped households across many dimensions. Auto-deficit households tend to
be larger, suggesting the need to coordinate household travel either in the form of carpool-
ing or negotiating complementary use of the household vehicle. They are also more likely
to live in dense urban areas where some household members might be able to take advan-
tage of high levels of transit service.

On average, auto-deficit households have lower incomes than fully-equipped house-
holds. Household income is negatively associated with the likelihood of being an auto-
deficit household. However, this relationship is far weaker than the relationship between
income and zero-vehicle household status. In other words, echoing the broader literature,
zero-vehicle households quickly devote additional income to purchasing a car. Auto-deficit
households do the same but at a lower rate. Additionally, among lower-income households,
income is not associated with a decline in the likelihood of being an auto-deficit household
relative to being fully equipped. Combined, these results underscore the importance of auto
ownership—having at least one vehicle in the household—but also confirm that at the bot-
tom end of the income distribution the mobility benefits of an additional car may not out-
weigh the ownership costs.

Auto-deficit households also have different travel patterns than fully-equipped house-
holds; they travel fewer miles, take fewer trips, and are more likely to use public transit.
However, higher-income auto-deficit households travel a lot, more than twice as much
as low-income auto-deficit households, which may reflect greater choice in residential
location. In theory, higher-income households can move to neighborhoods that accom-
modate their transportation needs and preferences. Low-income auto-deficit households
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travel almost as much as low-income fully-equipped households, an unexpected finding.
Data on miles per household vehicle suggest that these households achieve this level of
mobility by negotiating complementary use of the household car.

The findings suggest the importance of car ownership—having at least one house-
hold vehicle—to mobility, particularly for low-income U.S. households. These findings
may be less evident in high-density metropolitan areas in the U.S. and internationally,
where the costs of driving are high (e.g. parking, congestion) and the accessibility gap
between driving and other modes of travel narrows. The analysis would be strengthened
by longitudinal data allowing us to better isolate changes in household vehicle fleets and
the effects of these changes on mobility and access to opportunities. Structural equation
modelling (SEM) also may provide additional insights, allowing car ownership levels
to serve as an outcome and, in so doing, mediate the determinants of travel behavior.
Studies that adopt this approach often focus on developing better estimates of the effect
of the built environment on travel behavior. This is the focus of Van Acker and Wit-
lox (2010) who using travel survey data from Ghent also find that automobility among
higher-income households is due to high levels of automobile ownership rather than
the direct effects of income on travel. Their findings underscore the significance of our
vehicle ownership status models and the potential benefits of SEM in addressing some
of the endogeneity issues to which we refer.

For car-deficit households, sharing vehicles among household drivers can be challeng-
ing. It requires that household members plan to either carpool or arrange their schedules
so that they do not need to use the household vehicle at the same time. These arrange-
ments may negatively affect household residential location, employment outcomes, and
the ability of households to partake in other activities, topics for future research. Also, the
extensive use of vehicles in auto-deficit households likely results in more frequent vehicle
maintenance and replacement, costs that are difficult to evaluate without longitudinal data.
Finally, unless they live in transit-rich neighborhoods, single-vehicle households can be
stranded when the household car malfunctions.

The findings from this study suggest the importance of policies to help increase auto-
mobile access among households who do not have cars and who live in neighborhoods or
have jobs that make it difficult to reach opportunities without driving. However, the addi-
tional benefits of being a fully-equipped household are more limited than we had antici-
pated. These results indicate support for policies to offset the potential challenges of shar-
ing household vehicles, particularly for low-income households. Policies might include
subsidies to support pay-per-mile access to non-household automobiles such as formal car
sharing programs (e.g. Zipcar) and ride-hailing services (e.g. Uber, Lyft). For example, in
their analysis of carsharing users in North America, Martin and Shaheen (2011) find sig-
nificant downsizing in vehicles per household as well as evidence that carsharing enabled
some households to avoid purchasing new vehicles. The adoption of policies to incentivize
flexible work schedules or opportunities to work remotely also might enable households to
more easily share limited car resources. Our findings, coupled with support for these types
of programs, may have the collateral benefit of motivating some households to reduce or
limit their household vehicle fleets without compromising their mobility and access to
opportunities.
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