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Abstract

U.S. rural road safety statistics, including the National Highway Traffic Safety Administration’s
annual rural/urban fatality reports, classify each fatal crash by the rural/urban variable (RUR_URB)
in the Fatality Analysis Reporting System (FARS). Population research, in contrast, usually defines
rural with the Census Bureau’s urban areas. We measure how well the two definitions agree for
every fatal crash with a usable location from 2015 to 2024 (355,591 crashes, 386,140 deaths),
placing each crash on the 2020 Census urban-area map, held fixed across years, and comparing
the result with its FARS label. The two definitions agree on 88.4% of deaths (Cohen’s k = 0.77).
Disagreement runs mainly in one direction: 17.5% of deaths in crashes outside Census urban areas
carry an urban FARS label, against 5.8% in the opposite direction. These crashes cluster at urban
edges, with a median distance of 0.65 km to the nearest Census urban area, compared with 9.76 km
for crashes that both definitions call rural. The gap widened over the decade. The FARS rural share
of deaths fell from 50.1% in 2015 to 41.1% in 2024, while the fixed-map share moved from 52.0%
to 48.1%. The divergence is concentrated in a few states and, in New York and California, appears
as a single step between 2017 and 2018. Rural road safety trends based on the FARS label therefore
mix changes in where crashes occur with changes in how they are labeled. Analyses should state
their rural definition and, for trends, hold it fixed. The county panel, crash-level crosswalk, and

code are openly available.

Keywords: rural roads, traffic fatalities, FARS, urban areas, measurement validity, road safety

data, geographic information science, spatial analysis

1 Introduction

Rural roads carry a share of U.S. traffic deaths far larger than the rural share of the population.
Of 39,254 traffic fatalities in 2024, the National Highway Traffic Safety Administration (NHTSA)
reports that 16,006 (41%) occurred in rural areas, where about 21% of Americans live [1]. Studies

of the rural excess have long attributed it to higher fatality rates per crash, longer emergency
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response, higher speeds, and lower restraint use [2, 3]. Such comparisons depend on what counts
as rural, and federal agencies do not use one definition [4, 5].

National crash statistics classify each fatal crash with the FARS data element RUR_URB. It
records whether the trafficway segment lies inside or outside urban boundaries that state transporta-
tion agencies adjust from the Census Bureau’s urban areas and that the Federal Highway Adminis-
tration (FHWA) approves [6, 7]. Population counts, including the statement that one American in
five lives in a rural area, use the Census urban areas themselves [5]. When the rural share of deaths
from one definition is set against the rural share of population from the other, the comparison is
only as sound as the agreement between the two. For the 2020 Census, the Census Bureau also
revised its urban-area criteria, raising the minimum size of an urban area to 2,000 housing units
or 5,000 people [8, 9]. Highway agencies then updated their adjusted boundaries on their own
schedules. The question is therefore a geographic one: two boundary systems, drawn for different
purposes, classify the same crash locations, and a point-in-polygon analysis can measure how far
they agree.

This paper asks three questions. How often do the FARS rural/urban label and the 2020 Census
urban-area map agree for U.S. traffic deaths? When they disagree, in which direction, and where?
Does the agreement change between 2015 and 2024, enough to alter the apparent trend in rural
deaths? The analysis is part of an open county-by-year panel of FARS deaths that holds the rural
definition fixed, released with a crash-level crosswalk so that others can reproduce or extend it [14].
Section 2 describes the data and the two definitions, Section 3 the agreement measures, Section 4

the results, and Section 5 their implications and limits.

2 Data and definitions

2.1 Fatal crashes

FARS is NHTSA’s census of crashes on U.S. public roads in which a person dies within 30 days.
We used the national FARS files for 2015-2024 [10]: Final Files for 2015-2023 and the Annual
Report File for 2024, first released on April 1, 2026. The accident file gives each crash’s state and
county codes, latitude and longitude, RUR_URB, functional system (FUNC_SYS), and number
of deaths (FATALS). The files contain 358,460 crashes and 389,190 deaths. In every year, the
FATALS total equals the number of persons with a fatal injury (INJ_SEV = 4) in the person file,
and the 2024 total matches NHTSA’s published figure [1].
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2.2 Reference definition: 2020 Census urban areas

A crash is classed urban when its coordinates fall inside a 2020 Census urban area [9, 11] and
rural otherwise. The same 2020 map is applied to every year, so a change in the rural share
over time reflects where crashes occurred, not a change in boundaries. Coordinates are usable
when latitude lies between 17° and 72° N, longitude between 64° and 180° W (which excludes
the FARS missing-value codes 77.7777, 88.8888, and 99.9999), and the point falls inside a U.S.

county.

2.3 Comparison definition: the FARS label

RUR_URB *“identifies the classification of the segment of the trafficway on which the crash oc-
curred based on FHWA -approved adjusted Census boundaries of small urban and urbanized areas”
[6]. Code 1 is rural and code 2 urban. Codes 6 (trafficway not in state inventory), 8 (not reported),
and 9 (unknown) were treated as unknown. NHTSA reintroduced the element in 2015 after a pe-
riod in which rural and urban were derived from the roadway function class [6], which is why the

analysis begins in 2015.

2.4 Analytic sample

A crash enters the comparison when it has usable coordinates and a known FARS label. Of 358,460
crashes, 355,591 (99.2%) quality, with 386,140 deaths; 2,869 are excluded. Every crash is also
linked to its 2020 county, place, and county subdivision in the published crosswalk [14].

3 Methods

For each comparison we form a two-by-two table with cells a (rural under both definitions), b (rural
on the Census map, urban in FARS), ¢ (urban on the Census map, rural in FARS), and d (urban
under both), weighted by deaths, the unit of rural/urban fatality reporting, with N =a+b+c+d.
Observed agreement and the agreement expected by chance are

a+d
Po="3"" ey
a+b)la+c)+(c+d)(b+d
o= HBNCHOH 4 Do) o
and Cohen’s kappa is [12]
o= Lo Pe. 3)
1 —pe
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Taking the Census map as the reference, the share of Census-rural deaths that FARS labels rural
(S¢) and the share of Census-urban deaths that FARS labels urban (S,) are

a d
= S, = . 4
¢ a+b’ P etd @
The rural share of deaths under each definition is
a+b a+c
RCensus = Ta RFARS = N 5 (5)

so the gap between them, Rcensus — Rrars = (b —¢) /N, is the net of the two kinds of disagreement.

Neither definition is ground truth; they serve different purposes. S, and S, are therefore mea-
sures of correspondence with the Census definition, not of accuracy. We report the measures
overall, by year, for 2015-2019 and 2020-2024, by FARS road class, and by state. To locate
disagreements, we computed for each Census-rural crash the distance from its coordinates to the
nearest 2020 Census urban area (Albers equal-area projection) and compared crashes labeled ur-
ban and rural by FARS. To find where the trend diverges, we compared each state’s change in rural
share between 2015-2016 and 2023-2024 under the two definitions. As a sensitivity check, all
measures were recomputed with crashes instead of deaths as the unit. Analyses used Python with

GeoPandas; the code is in the replication package [14].

4 Results

4.1 Opverall agreement

Table 1 gives the 2015-2024 cross-classification. The definitions agree on 88.4% of 386,140
deaths, with k¥ = 0.768, in the range conventionally called substantial [13]. Disagreement is asym-
metric. Of deaths outside Census urban areas, 82.5% carry a rural FARS label and 17.5% (33,505
deaths) an urban one. Of deaths inside Census urban areas, 94.2% carry an urban label and 11,208
deaths a rural one. As a result, 49.5% of compared deaths are rural on the Census map and 43.7%
under the FARS label. Weighting by crashes instead of deaths changes little: agreement 88.5%,
Kk =0.768, S, = 82.2%.

Table 1: Cross-classification of deaths by the 2020 Census urban-area map and the FARS rural/urban label,
2015-2024.

FARS rural FARS urban Total

Census map rural 157,684 33,505 191,189
Census map urban 11,208 183,743 194,951
Total 168,892 217,248 386,140
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4.2 Change over time

Table 2 and Figure 1 show the comparison by year. The FARS rural share fell from 50.1% in
2015 to 41.1% in 2024, a decline of 9.0 percentage points. Under the fixed Census map, the rural
share fell from 52.0% to 48.1%, a decline of 3.9 points. The gap between the definitions widened
from 1.9 to 6.9 points. The share of Census-rural deaths labeled rural by FARS fell from 85.7%
to 80.8%, and the share of Census-urban deaths labeled urban rose from 88.4% to 95.6%, so the
FARS label moved toward urban in both cells. Overall agreement did not fall (x = 0.751 in 2015—
2019 and 0.783 in 2020-2024) because the urban-direction changes offset each other in p,. In
counts, deaths in crashes outside Census urban areas went from 18,325 in 2015 to 18,760 in 2024,
while deaths with a rural FARS label went from 17,715 to 16,005.

Table 2: Agreement between the FARS rural/urban label and 2020 Census urban areas by crash year, deaths
with a known location under both definitions. S,: share of Census-rural deaths labeled rural by FARS. §,:
share of Census-urban deaths labeled urban by FARS.

Year Deaths Agree (%) K Se(%) Sp(%) Rural, Census (%) Rural, FARS (%)
2015 35,136 87.0 0.739 85.7 88.4 52.0 50.1
2016 37,545 87.9 0.759 85.5 90.5 514 48.6
2017 37,205 87.2 0.744 83.0 914 50.9 46.5
2018 36,514 87.4 0.749 80.8 94.2 50.5 43.6
2019 36,176 88.2 0.765 82.6 94.0 50.8 44.9
2020 38,698 89.5 0.788 82.1 96.6 49.0 42.0
2021 42,989 90.0 0.799 81.7 97.6 47.7 40.2
2022 42,391 89.0 0.778 81.1 96.3 47.9 40.8
2023 40,722 89.0 0.777 81.5 95.8 47.8 41.1
2024 38,764 88.5 0.769 80.8 95.6 48.1 41.1

4.3 Where the definitions disagree

Deaths outside Census urban areas that FARS labels urban lie close to urban areas (Figure 2). Their
median distance to the nearest 2020 Census urban area is 0.65 km, and 58.6% lie within 1 km and
87.2% within 5 km. For deaths that both definitions class as rural, the median distance is 9.76 km,
with 7.4% within 1 km and 29.8% within 5 km. The urban-labeled cases are therefore concentrated
in the fringe immediately around Census urban areas.

Agreement varies little across road classes (Table 3). It is lowest on Interstates and other free-
ways, where S, is also lowest, and highest on collectors. Among states with at least 500 compared
deaths in 2022-2024, agreement ranges from 82.2% (West Virginia) to 96.0% (Nebraska).
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Figure 1: Rural share of deaths by crash year under the 2020 Census urban-area map (held fixed) and the
FARS RUR_URB label. Deaths with a known location under both definitions.

@ FARS urban (median 0.65 km) @ FARS rural (median 9.76 km)

100%
£
% 80%
]
°
o
o 60%
T
-
v
2 40%
T
E
£ 20%
o

0%

0.1 1 10 100
Distance to nearest 2020 Census urban area (km)

Figure 2: Cumulative distribution of the distance from crash location to the nearest 2020 Census urban
area, for deaths outside Census urban areas, by FARS label, 2015-2024. Weighted by deaths; logarithmic
horizontal axis. The dotted line marks 1 km.
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Table 3: Agreement by FARS road class (FUNC_SYS), deaths, 2015-2024. Arterial: other principal and
minor arterials; collector: major and minor collectors.

Road class Deaths Agr. (%) K Se (%) Sp (%)
Interstate, freeway 67,015 86.4 0.714 75.6 94.1
Arterial 200,574 88.8 0.767 79.8 95.6
Collector 72,493 89.7 0.761 88.4 93.1
Local 45,405 87.8 0.756 87.2 88.6

4.4 State patterns over time

The widening national gap is not spread evenly. Comparing 2015-2016 with 2023-2024, the
FARS rural share fell at least 5 points more than the Census-map share in 16 states, and rose at
least 5 points more in 2 (Table 4). Among the 28 states with at least 2,000 deaths in those years,
10 show such a divergence. In New York and California, the FARS rural share dropped in one step
between 2017 and 2018, from 45.3% to 27.1% and from 36.7% to 28.6%, while the Census-map
share stayed nearly flat (Figure 3). A one-year step of that size is unlikely to reflect where crashes

occurred.

Table 4: Rural share of deaths (%) in 2015-2016 and 2023-2024 under each definition, for states with at
least 2,000 deaths in those years: the six with the largest decline in the FARS share relative to the Census-
map share, and the two with the largest relative rise. Divergence is the change in the FARS share minus the
change in the Census-map share, in percentage points.

FARS label Census map
State Deaths 15-16 23-24 15-16 23-24  Div.
New York 4,200 40.9 26.3 35.1 342 -139
California 15,228 41.5 26.2 36.5 332 -12.0
Kentucky 3,109 75.3 61.5 68.7 63.7 -8.8

Virginia 3,328 63.6 50.9 61.0 56.7 -84
Michigan 4,192 47.4 40.4 47.1 484 -83
Florida 12,360 28.9 21.7 274 279 -1

New Jersey 2,396 13.3 12.2 259 224 424
Maryland 2,206 229 19.3 38.8 304 +4.7

5 Discussion

The FARS rural/urban label and the 2020 Census urban-area map agree on most traffic deaths,
but not at random. When they disagree, FARS usually labels a crash urban that the Census map
places outside an urban area, and those crashes sit within about a kilometer of an urban area.
This is consistent with how the label is built. RUR_URB follows FHWA-approved adjusted urban

boundaries [6], which states draw around the Census urban areas for transportation planning and
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Figure 3: Rural share of deaths by year under the two definitions in the four states with at least 2,000 deaths
in 2015-2016 and 2023-2024 and the largest divergence. Each panel has its own vertical scale.
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may extend to include adjacent development and road segments [7]. The Census Bureau’s 2020
criteria, by raising the minimum size of an urban area, also moved small places from urban to rural
[8]. Both features enlarge the area labeled urban by FARS relative to the Census map.

Two consequences follow. First, the FARS label yields a lower rural count. In 2024 the dif-
ference was 2,755 deaths nationally. Published comparisons that set the rural share of deaths from
the FARS label against the rural share of population from the Census map mix the two definitions,
and because the FARS label counts fewer rural deaths, those comparisons understate rather than
overstate the rural excess. Second, and more consequential for trend analysis, the gap widened
over the decade. Part of the reported decline in the rural share of deaths reflects a change in la-
beling rather than a shift in where crashes occur. The state results point to the same conclusion:
the divergence is concentrated in a few states and, where it is largest, appears as a step change.
This analysis cannot identify the cause of each step. Plausible causes include updates to adjusted
urban boundaries between censuses and changes in how states link crash locations to their road
inventories; confirming them requires state-level documentation.

The fixed-map series has its own limitation. Applying 2020 boundaries to 2015 crashes treats
areas that urbanized during the decade as urban throughout, which understates the rural share early
in the period. Some of its modest decline may therefore reflect the reverse problem. The two series
bracket different definitional choices rather than one being correct.

For users of FARS, three practices follow. State the rural definition. For trends, hold the
definition fixed, for example by geocoding crashes to one urban-area vintage, as the accompanying

panel does [14]. When computing rates, take deaths and population from the same definition.

5.1 Limitations

The reference standard is a definition, not ground truth. FARS coordinates can be imprecise, which
matters most near urban-area edges, where most disagreements lie. About 0.8% of crashes lacked
usable coordinates or a known label and were excluded. The 2024 data are NHTSA’s preliminary
Annual Report File; small revisions are expected in the Final File. State estimates for small states

are imprecise.

6 Concluding remarks

Across 386,140 deaths from 2015 to 2024, the FARS rural/urban label agrees with the 2020 Census
urban-area map for most crashes (k = 0.77) but systematically counts fewer rural deaths, mainly
by labeling crashes at the edges of urban areas as urban. The gap grew between 2015 and 2024,

unevenly across states and in steps in some. Rural road safety trends based on the FARS label
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should be read with this in mind, and analyses of rural trends should hold the rural definition fixed

acCross years.

Data and code availability

The county-by-year panel, the crash-level crosswalk to 2020 Census geography, the validation
tables, and all code are openly available under CC BY 4.0 (data) and MIT (code) at https:
//doi.org/10.5281/zenodo.23547650 and https://github.com/Emmanuel-0ti-Nani/ru
ral-road-fatality-panel. An interactive atlas is at https://emmanuel-oti-nani.github

.io/rural-road-fatality-panel/.
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