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Introduction: Traffic fatalities remain a major public health challenge despite progress made dur-
ing recent decades. This study develops exposure-based estimates of fatalities per mile traveled for
pedestrians, cyclists, and light-duty vehicle occupants and describes disparities by race/ethnicity,
including a subanalysis of fatality rates during darkness and in urban areas.

Methods: Estimates of person-miles traveled by mode and race/ethnicity group were derived from
the 2017 National Household Travel Survey using replicate weights. Three-year average (2016‒
2018) traffic fatalities were measured by mode and race/ethnicity group with the U.S. Fatality Anal-
ysis Reporting System. Fatality rates per mile traveled and CIs were calculated for each subgroup as
well as separately for trips occurring during darkness and in urban areas. Analysis was conducted
in 2021‒2022.

Results: Exposure to traffic fatality differs by race/ethnicity group and by mode, indicating that
adjustment for differential exposure is needed when estimating disparities. The authors find that
fatality rates per 100 million miles traveled are systematically higher for Black and Hispanic Ameri-
cans for all modes and notably higher for vulnerable modes (e.g., Black Americans died at more
than 4 times the rate for White Americans while cycling, 33.71 [95% CI: 21.84, 73.83] compared
with 7.53 [95% CI: 6.64, 8.69], and more than 2 times the rate while walking, 40.92 [95% CI: 36.58,
46.44] compared with 18.77 [95% CI: 17.30, 20.51]). Previous estimates that do not adjust for differ-
ential exposure may underestimate disparities by race/ethnicity. Observed disparities remained
when considering only urban areas and appear to be exacerbated during darkness.

Conclusions: Traffic fatalities are a substantial and preventable public health challenge in Amer-
ica. Black and Hispanic Americans have higher traffic fatality rates per mile traveled than White
Americans across the transportation system, requiring urgent attention.
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INTRODUCTION

R
educing the rate of deaths attributable to vehicle
crashes in the U.S. in the 20th century has been
heralded as one of the top achievements in pub-

lic health.1 Although the fatality rate per vehicle miles
traveled has fallen over the past 20 years for vehicle
occupants (although notably elevated in 2020 and
20212), a troubling pattern of increasing fatalities has
developed over the same period for vulnerable road
users, namely pedestrians and cyclists.3,4 Equally con-
cerning is the potential that the risk of traffic fatality
may be higher for people of color.

Initial academic and policy analyses are suggestive of
disparities by race/ethnicity in traffic fatality counts per
population. A study covering the 2015−2019 period
found that all-mode traffic fatalities were higher for
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American Indian and Black Americans than for White
and were lowest for Asian Americans.5 Even when fatal-
ity rates change over time, disparities by race/ethnicity
persist.6 The authors note that disparities in traffic fatali-
ties by race/ethnicity would be consistent with a broader
transportation system that exhibits racial bias, from the
effects of road placement,7−10 to underinvestment in
alternative modes and transit,11−13 to disproportionate
traffic stops,14−16 to passenger‒driver pairing in
ride-hail applications,17 and to potential bias in the
travel demand models used to forecast impacts of
investments.18

Although existing evidence is suggestive of dispar-
ities in fatality rate by race/ethnicity, no national anal-
ysis to date has explored race/ethnicity disparities
using an activity-based method that accounts for dif-
ferential exposure. Fatality count comparisons ignore
exposure altogether, and population-adjusted measures
implicitly assume that activity levels per capita are the
same for all race/ethnicity groups. The collaborative
works of Pucher and Buehler have shown the potential
to construct exposure-based measures of fatalities per
mile traveled using national transportation activity
surveys, including a recent analysis comparing changes
in walking and cycling fatality rates between the U.S.
and European nations over the 1990‒2018 period.19
−22 To address this gap, the authors estimate dispar-
ities in fatality rates per person-mile traveled by race/
ethnicity separately for pedestrians, cyclists, and light-
duty vehicle occupants, with potential implications for
the prioritization of transport infrastructure invest-
ment and policy making.

METHODS

Study Sample
The authors estimate annual average fatality incidence rates per

100 million person-miles traveled using fatality counts from the

Fatality Analysis Reporting System (FARS) and person-miles trav-

eled estimates from the National Household Travel Survey

(NHTS)23,24 for walking, bicycle, and light-duty vehicle modes

and 4 race/ethnicity groups¡non-Hispanic White, non-Hispanic

Black, Asian (non-Hispanic/unknown), and Hispanic¡in accor-

dance with the classification guidelines from the Office of Man-

agement and Budget.25 The authors use the nomenclature all to

denote estimates for all person-miles traveled regardless of time of

the day or geography. In secondary analyses, fatality incident rates

by race/ethnicity and mode are estimated for person-miles trav-

eled (1) during darkness (darkness), defined as the time period

between dawn and dusk on the basis of evening and morning nau-

tical twilight times (Appendix S1, available online), and (2) in
urban areas (urban), defined as metropolitan statistical areas with a

population over 1 million in 201726 (Appendix S2, available

online). Analyses are done on a national level, and results are

reported for the entire U.S.

Measures
The authors define exposure as person-miles traveled (PMT),

which was estimated using publicly available, deidentified trip-

level data from the 2017 NHTS.24 The 2017 NHTS is the most

recent nationally representative travel-diary survey of transporta-

tion activity in the U.S; recent previous NHTS surveys occurred in

2009, 2001, and 1995. The authors generated a central estimate of

PMT by mode and race/ethnicity using the full sample base

weights and SEs using the jackknife replicate base weights (G=98

replicates).

Several alternative measures of exposure to traffic fatality have

been considered in the literature, including per capita, vehicle

miles traveled, travel time, and person trips. McAndrews et al.27

(2013) offer a useful comparison of the merits of travel-based

measures over population measures within the context of the state

of Wisconsin, concluding that person trips are a less applicable

measure for cycling and walking than distance-based exposure

because it assumes uniform trip distance when evidence suggests

that these trips tend to be shorter than vehicle trips. Some expo-

sure-based traffic fatality analyses based on NHTS data before

2017 used person trips instead of a distance-based measure as a

second-best option owing to concern for the validity of self-

reported distance data.28−30 However, in 2017, NHTS transitioned

to a Google application programming interface‒based shortest

routing distance method using either the road or network path

between trip origin and destination, thus improving the validity of

distance-based estimates in NHTS.31

As a statistic, PMT offers a common measure of exposure

across all modes. For walking or cycling alone, 1 mile traveled is

equivalent to 1-person mile traveled. For a light-duty vehicle with

2 occupants, 2 person-miles traveled would be accrued per 1 vehi-

cle-mile traveled. The primary alternative distance-based measure

considered is vehicle-mile traveled, which applies only to motor

vehicles and therefore does not capture differential exposure by

race/ethnicity group by mode. Although beyond the scope of this

analysis, the authors believe that additional research is needed to

explore how estimates of race/ethnicity disparities by mode

change when different exposure measures are employed.

Trips were excluded when (1) the respondent’s ethnicity was

not determined (other than for Asian, according to Office of Man-

agement and Budget guidelines), (2) the respondent’s race was not

determined, (3) the respondent identified multiple responses for

race, (4) trip mode was missing, (5) trip mileage was missing, and

(6) walking trips were more than 30 miles, on the assumption that

longer walking trips represent incorrect responses or coding

errors. Although rare, walking trips exceeding 30 miles make up

25% of the weighted walking mileage, most of which was attrib-

uted to just 5 trips longer than 1,000 miles.31 All told, 32,637 of

889,320 (3.7%) trips were excluded from the analysis, 98% of

which (32,047 of 32,637) because of multiple responses for race

(27,515) or owing to race not being determined (4,532).

Unlike the NHTS, the FARS is a census of all vehicle crash

fatalities on nonprivate roadways published annually by the

National Highway Traffic Safety Administration.23,32 To address

potential year-to-year variance, 3-year averages were constructed

for the number of pedestrians, bicyclists, and light-duty vehicle

occupants who died on U.S. roads for the years 2016‒2018, cen-

tered on the NHTS survey year of 2017. FARS data are based on a

collaboration between National Highway Traffic Safety Adminis-

tration and states to gather information on all qualifying fatalities,
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with race/ethnicity data collected from death certificates. Fatalities

occurring among occupants of parked/nonmoving light-duty

vehicles (<0.2% of the total) were included. Fatalities that were

missing information on race, ethnicity, or both (4%) as well as

fatalities that indicated multiple races (0.2%) were excluded. In

the analysis for darkness, fatalities with missing crash time (<1%)

were also excluded. For both urban and darkness analyses, fatali-

ties where county information was missing (»0.01%) were

excluded. Finally, a very small number of fatalities (»0.01%)

occurred in unknown truck types, which were excluded from the

analysis (Appendix S3, available online, provides the variables

used to construct analysis groups).

Statistical Analysis
Central estimates of fatality incidence rate per 100 million PMT

for all the 4 race categories and for each of the 3 modes were cal-

culated by dividing the 3-year average fatality count per year by

estimated PMT per year. The authors implemented the model in

R33,34 using the R package summarizeNHTS35 and the raw NHTS

data and replicate weights to calculate SEs for each estimate,

which were then used to calculate 95% CIs assuming normality

(Appendix S5, available online). For secondary analyses, the

authors further stratified separately for darkness and urban areas

using the same approach.

RESULTS

The authors estimate that 2.9 trillion PMT occurred
across the 3 travel modes and race categories considered
in this study, of an estimated 4.0 trillion total national
PMT in the 2017 NHTS. Light-duty vehicles account for

about 99% of PMT in both main and secondary analyses;
however, shares of PMT for cycling and walking vary in
a relative sense. Walking represents 0.82% of all PMT,
whereas cycling represents 0.28%. In urban areas, their
respective shares increase to 1.0% and 0.32%, whereas
during darkness, walking’s share decreases to 0.69%.
Estimates of PMT by mode and race/ethnicity are
reported in Table 1. We do not report results for cycling
during darkness or in urban areas owing to small sample
sizes for the PMT estimates (<200 non-Hispanic Black
respondents).
The share of mode PMT by race/ethnicity differs from

the share of population in the 2020 U.S. Decennial Cen-
sus, indicating differential exposure.36 Differential activ-
ity by race/ethnicity is most pronounced for cycling,
where Black and Hispanic populations have substantially
lower shares of modal activity than what we would
expect on the basis of population (Table 2). The same
pattern is observed for walking and light-duty vehicles,
albeit attenuated.
To further illustrate this point, the authors present

estimated annual PMT per capita in Table 3. Estimated
cycling PMT is almost 4 times as large for White Ameri-
cans as for Black Americans. Large differences in walk-
ing activity by race/ethnicity are observed, particularly
during darkness, as well as in light-duty vehicle activity.
The authors believe that the differences in estimated
PMT per capita by race/ethnicity identified in this study
suggest that exposure-based estimates of traffic fatality

Table 1. Person-Miles Traveled (100 Million Miles) by Mode and Race/Ethnicity for Situations Considered

Strata
Person-miles traveled (100 million miles)

a

All Darkness
b

Urban
c

Walking

Non-Hispanic Black 29 (25, 32) 3 (2.1, 3.8) 21 (18, 25)

Hispanic 40 (37, 44) 5.1 (3.7, 6.4) 29 (26, 31)

Non-Hispanic Asian 17 (14, 19) 2 (1.4, 2.5) 13 (11, 15)

Non-Hispanic White 160 (140, 170) 23 (17, 28) 92 (84, 100)

Cycling

Non-Hispanic Black 3.5 (1.6, 5.3)

Hispanic 11 (5.5, 16)

Non-Hispanic Asian 4.4 (3, 5.8)

Non-Hispanic White 63 (55, 72)

Light-duty vehicles

Non-Hispanic Black 2,800 (2,500, 3,100) 570 (430, 700) 1,800 (1,500, 2,000)

Hispanic 4,800 (4,100, 5,600) 840 (790, 890) 2,800 (2,600, 3,000)

Non-Hispanic Asian 1,200 (1,000, 1,500) 220 (180, 260) 1,000 (800, 1,300)

Non-Hispanic White 20,000 (20,000, 21,000) 3,100 (2,800, 3,400) 9,500 (9,200, 9,800)

Note: 95% CIs are reported in parentheses. Cycling during darkness and in urban areas is not reported owing to small sample size for those strata.
a
Estimates reported with 2 significant figures.

b
Darkness defined as the local period between dusk and dawn.

c
Urban defined as metropolitan statistical areas with a population of 1 million or larger.
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rates are necessary. Previous analyses that normalize by
population implicitly assume equal miles traveled per
person by race/ethnicity, thereby underestimating the
risks to Black and Hispanic Americans as well as dispar-
ities in fatality rates.
Finally, fatality incidence rates per 100 million miles

traveled were found to vary across mode, race/ethnicity,
darkness, and urbanicity (Figure 1, Appendix Table 1).
Regardless of race/ethnicity group, estimates of fatality
rate were highest for walking, then cycling, and then
light-duty vehicles. Estimates for the all situation were
similar for walking (»10‒40 fatalities per 100 million
PMT) and cycling (»4‒35) and were an order of magni-
tude smaller for light-duty vehicle occupants (0.2‒1.2).
Higher fatality rates were observed for walking and
light-duty vehicles during darkness; however, walking
becomes even less safe than light-duty vehicles during
darkness (4‒8 times higher fatality rate compared to the
all situation for walking compared to 2‒3 times higher
for light-duty vehicles). Finally, fatality rates per 100 mil-
lion miles tended to be lower for urban settings.

A clear and consistent pattern of disparity in fatality
rate per mile traveled by race/ethnicity emerges from the
analysis. Regardless of mode, darkness, or urbanicity,
Black Americans had the highest fatality rates per mile
traveled. This was followed by Hispanics, who typically
had higher fatality rates than Whites. By contrast, Asian
Americans had fatality rates lower than Whites for all
modes in all 3 situations considered. Trip sample size is
relatively small for some combinations of race/ethnicity
and trip mode, especially for cycling, resulting in high
levels of uncertainty in exposure and wide CIs. This pre-
cludes the authors from making conclusive comparisons
among cycling fatality rates, other than that Black Amer-
icans seem to be at a higher risk than Whites. Figure 1
presents these results with 95% CIs; numerical values
can be found in Appendix Table 1 (available online).
Examining trips at all times of the day regardless of

geography (the all situation), fatality rates were higher
for vulnerable modes than for light-vehicle vehicles. The
fatality rate per mile traveled for non-Hispanic Black
Americans was 4.5 times higher while cycling; 2.2 times

Table 2. The proportion of Total Miles Traveled by Mode Contributed by People With Each Race/Ethnicity Category Considered
Compared With the 2020 Decennial Census

Mode Black, % Hispanic, % White, % Asian, %

Walking 11.4 16.0 61.9 6.6

Cycling 4.1 12.6 74.2 5.2

Light-duty vehicles 9.2 15.9 66.8 4.0

2020 decennial census 12.1 18.7 57.8 5.9

Table 3. Estimated Person-Miles Traveled by Race/Ethnicity and Situation Normalized by 2020 U.S. Population

Estimated annual person-miles traveled per capita (2020 decennial census)
a

Strata All Darkness
b

Urban
c

Walking

Non-Hispanic Black 72 (63, 81) 7.5 (5.3, 9.6) 53 (45, 61)

Hispanic 65 (60, 70) 8.2 (6, 10) 46 (42, 50)

Non-Hispanic Asian 85 (70, 99) 10 (7.2, 13) 66 (56, 76)

Non-Hispanic White 82 (75, 89) 12 (8.9, 15) 48 (44, 52)

Cycling

Non-Hispanic Black 8.6 (3.9, 13)

Hispanic 17 (8.9, 26)

Non-Hispanic Asian 22 (15, 29)

Non-Hispanic White 33 (29, 37)

Light-duty vehicle

Non-Hispanic Black 7,000 (6,300, 7,700) 1,400 (1,100, 1,800) 4,400 (3,800, 5,000)

Hispanic 7,800 (6,600, 9,000) 1,300 (1,300, 1,400) 4,500 (4,200, 4,900)

Non-Hispanic Asian 6,300 (5,100, 7,400) 1,100 (900, 1,300) 5,200 (4,100, 6,400)

Non-Hispanic White 11,000 (10,000, 11,000) 1,600 (1,400, 1,800) 5,000 (4,800, 5,100)

Note: Cycling during darkness and in urban areas are not reported owing to small sample size for those strata.
a
Estimates reported with 2 significant figures.

b
Darkness defined as the local period between dusk and dawn.
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higher while walking; and 1.8 times higher while an
occupant was in a light-duty vehicle than for White
Americans. A similar pattern was observed for Hispanic
Americans for cycling and walking, albeit attenuated.
During darkness, race/ethnicity disparities appear to

be exacerbated for walking. The estimated fatality rate of
non-Hispanic Black Americans walking rose to 3.4 times
that of White Americans. Again, the authors observed a
similar pattern of increased fatality risk for Hispanic
Americans walking during darkness as for White,
although not as severe.
Finally, fatality rates per mile traveled in urban areas

are consistently lower, but the pattern of race/ethnicity
disparities is similar to the pattern observed in other esti-
mates (owing to the limited sample size in NHTS, which
drives the PMT estimates, we do not report results for
cycling). Walking fatality rates per 100 million PMT in
urban areas is elevated for Black (35.2) and Hispanic
(27.9) Americans compared with that for White Ameri-
cans (16.5), as they are for light-duty vehicles: Hispanic
(0.59) and Black (0.92) Americans compared with White
Americans (0.45) and Asian Americans (0.16).

DISCUSSION

This analysis suggests that race/ethnicity disparities in
traffic fatalities are larger than previously thought after
accounting for differential exposure. Disparities persist

when the analysis is restricted to urban areas and are
exacerbated during darkness.
These updated exposure-based estimates of fatality rate

per 100 million PMT by race/ethnicity may be of particu-
lar interest to researchers implementing health impact
assessments that incorporate traffic fatality rates. The
findings are directionally consistent with previous
research efforts that showed race/ethnicity disparities in
traffic fatality risk per capita; however, it appears that dis-
parities are underreported when not accounting for dif-
ferential exposure. For example, the authors estimate that
fatality rate per mile traveled for Black Americans cycling
is 4.5 times the rate for White Americans, whereas a
recent per capita analysis that did not account for differ-
ential exposure estimated an increased risk of only
1.25 times.5

In secondary analyses, the authors considered both
time of the day and urbanicity. The findings align with
the general understanding that vulnerable road users are
at heightened risk of traffic fatality during evening
hours.36 Although public messaging on the risk factors
for vulnerable road user fatalities has focused on height-
ened risk during the 6‒9PM period,37 the approach used
in this study employs a moving time range of darkness.
The authors believe that this approach is a more appro-
priate measure of darkness because it accounts for
changes in the length of the day by location and season.
For light-duty vehicles and walking, the fatality rate is

lower in urban settings. One potential explanation for

Figure 1. Fatality rate per 100 million miles traveled by race/ethnicity for walking, cycling, and light-duty vehicles and all the 3 situa-

tions considered.

Note: Cycling during darkness and in urban areas are not reported owing to small sample size for those strata.
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this could be that all vehicles, especially light-duty
vehicles, tend to travel at lower speeds in urban environ-
ments. Previous analysis has established that the risk of
fatality and severe injury increases considerably with
vehicle speed, particularly for vulnerable road users.38

The authors believe that these findings, in aggregate,
are potential evidence of structural racism in the safety
of the transportation sector meriting further causal anal-
ysis. Regardless of mode and particularly for walking
and cycling, Black and Hispanic Americans are at higher
risk of traffic fatality per mile traveled. This analysis is
not a causal analysis but rather a descriptive one that
highlights these disparities with the hope of catalyzing
further research. Possible explanations to consider
include systemic underinvestment in pedestrian and
cycling infrastructure in communities of color,39,40 dis-
parities in emergency response,41 quality of care and
outcomes,42−44 access to medical insurance,45 and eco-
nomic constraints. Some have also suggested that dispar-
ities in traffic fatalities by race/ethnicity may be the
product of risky behavior, for example alcohol consump-
tion.46 It is notable that liquor stores are disproportion-
ately concentrated in communities of color and may be
considered another component of structural racism in
society.47 Furthermore, more recent evidence suggests
that the share of pedestrian and cycling fatalities where
alcohol is a contributing factor is declining.48

Although the authors believe that exposure-based esti-
mates of risk are a more accurate measure of disparity
than previous per capita measures because of differential
exposure, they also recognize that research should focus
on understanding the ways to eliminate disparities in
both per capita and exposure-based measures of fatality
risk. If only the former is resolved, disparities in fatality
risk per mile would remain, whereas if only the latter is
resolved, it may indicate disparities in access to trans-
portation given the differences in activity levels by race/
ethnicity. Regardless, the authors believe that the find-
ings are suggestive of the need to prioritize road safety
for Black and Hispanic Americans, especially vulnerable
road users. Finally, although exposure-based measures
are a more accurate measure of disparity, a limitation
for national-level assessments is that NHTS is carried
out infrequently, and therefore per capita measures of
disparities are also useful to track progress annually.
The findings are particularly troubling because they

suggest that Black and Hispanic Americans are less able
to safely enjoy the health benefits of walking and cycling,
namely increased physical activity, which has been
linked to improved cardiovascular and respiratory
health.49 Health disparities are also evident in the U.S.,50

particularly for illnesses where increased physical activ-
ity could improve health outcomes, such as diabetes,

hypertension, and heart disease.51 As such, elevated risk
of traffic fatality while walking and cycling may con-
strain healthful activity more for the populations that
would benefit the most.

Limitations

The analysis leverages the best possible exposure assess-
ment survey (NHTS); however, there are some impor-
tant caveats and limitations. First, the NHTS sample is
small for certain strata (Appendix Table 2, available
online). This results in large uncertainties in exposure
estimates and prevents further stratification by location
to carry out a spatially explicit analysis. States have
broad discretion to allocate federal transportation
resources through funding formulas, and increasingly,
discretionary federal resources are being allocated
directly to localities for specific road safety projects.
Although not possible with NHTS, measuring local
changes in person-miles traveled by mode is important
for both understanding mode shift resulting from invest-
ment in infrastructure and the impact of road safety
projects on traffic fatality risk.
Another limitation is that this analysis is restricted to

fatalities, which are a vital component of road safety but
do not themselves capture the full social cost of motor
vehicle crashes. In 2010, fatal crashes represented 36% of
the total social cost and 43% of the monetized lost qual-
ity-adjusted life years of motor vehicle crashes in the U.
S.52 Future research to address these limitations would
benefit from surveys that include better locale-specific
exposure measures by race/ethnicity and mode as well as
better data on nonfatal crashes. The exclusion of a small
portion of trips and fatalities owing to missing data or
multiple races also adds uncertainty to the results, but its
effects are likely limited (Appendix S4, available online).
Finally, the analysis can only be as accurate as the self-
reported trip origin‒destination data recorded in the
NHTS.

CONCLUSIONS

Traffic fatalities are a substantial and preventable public
health challenge in America that disproportionately
affects Black and Hispanic Americans. This analysis
reveals that observed disparities by race/ethnicity in traf-
fic fatalities are even greater than previously thought
after accounting for differences in activity levels. The
authors note that future research would benefit from
access to street-segment activity data to estimate neigh-
borhood-level disparities in traffic fatalities or injuries.
One possible source of these data is mobile mapping
applications, such as Google and Apple Maps, enabled
through mode inference on the basis of velocity and
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location data. Perhaps future collaborations between the
academy and industry will make these data available,
opening the door to local-level exposure-based estimates
of traffic fatality by race/ethnicity that can directly
inform policymaking and placemaking.
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