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Introduction

The National Highway Traffic Safety Administration (NHTSA) defines aggressive driving as
“The operation of a motor vehicle in a manner that endangers or is likely to endanger
persons or property” (1). The Washington State Patrol defines aggressive driving as “The
commission of two or more moving violations that are likely to endanger other persons or
property, or any single intentional violation that requires a defensive reaction of another
driver” (2). Aggressive driving thus encompasses a range of unsafe driving behaviors,
including reckless driving, flashing and yelling at other drivers, speeding, running stop signs
and red lights, tailgating, weaving through traffic, making unsafe lane changes, and failing
to yield the right of way. Factors that make drivers behave aggressively include traffic
congestion or delays, running late, anonymity, disregard for other road users, and disregard
for the laws (3).

Aggressive driving is an important contributor to motor vehicle collisions, injuries, and
deaths. These behaviors increase driving errors and reduce the time and space available
for drivers to identify hazards and respond safely (4-6). The AAA Foundation for Traffic
Safety reported that 55.7 percent of fatal crashes between 2003 and 2007 in the U.S.
involved at least one unsafe behavior sometimes considered aggressive driving (7).

Aggressive driving is common both nationwide and in Washington State. According to
2021 national survey data from the AAA Foundation for Traffic Safety, 51 percent of people
reported having driven 15 mph over the speed limit on a freeway, 28 percent of people
reported having driven through a red light, and 23 percent of people reported having driven
aggressively by switching lanes quickly or very close behind another car during the previous
30 days, which was a 12, 10, and 7.5 percent increase compared to 2020, respectively (8).
Additionally, Washington Traffic Safety Commission’s (WTSC) Annual Statewide Traffic
Survey 2023 results show that 69 percent of drivers reported having driven 10 mph or more
over the speed limit. Moreover, an observational survey conducted by WTSC in 2022 shows
that 76 percent of drivers exceeded the posted speed limit (9).

Recent studies indicate that pandemic-related reductions in traffic volume produced less-
congested roads and greater opportunities for speeding and extreme speeding (10,11).
Although vehicle travel declined substantially during 2020, NHTSA reported that drivers
who remained on the road engaged in more risky behaviors, including speeding, impaired
driving, and failure to use seat belts. Average speeds increased, extreme speeding became
more common, and fatalities in speeding-related crashes increased by 11 percentand 12
percent from 2019 to 2020 nationwide and in Washington State (WA), respectively (12,13).



These changes aligned with an increase in the national traffic-fatality rate from 1.11 deaths
per 100 million vehicle miles traveled in 2019 to 1.37 in 2020 (14).

Some pandemic-era changes persisted as travel resumed. Speeding-related fatalities
increased by an additional 8 percent from 2020 to 2021, reaching 12,330 deaths and
accounting for 29 percent of all motor vehicle traffic fatalities in 2021 (9). More recent
research using connected-vehicle data from 2019 through 2022 also identified increases in
measures of driving volatility—including rapid acceleration, deceleration, and changes in
speed—during the post-lockdown period, suggesting that more aggressive driving patterns
did not immediately return to their pre-pandemic levels (10). In WA, speeding driver-
involved fatal crashes continued trending upwards, reaching 240 in 2023, 66 percent higher
compared with 2019 (13). Together, these findings demonstrate the importance of
evaluating both short- and longer-term changes in aggressive driving behaviors following
the onset of the pandemic.

The prevalence of these behaviors demonstrates that aggressive driving is persistent on
Washington roads, thereby increasing the risk of fatal crashes and injuries. Understanding
how aggressive driving affects crash outcomes can inform traffic safety stakeholders and
help change driver behavior to reduce risk. The objectives of this study were: 1) to examine
whether the COVID-19 pandemic was associated with changes in the prevalence in
aggressive driving behaviors as measured by traffic citations in WA, and 2) to evaluate the
association between receiving a citation for an aggressive driving-related behavior and
involvement in a crash during the subsequent two years.

Methods

1. Record Linkage
1.1 Data

Two WA administrative data sources were used for the linkage. Traffic citation data were
obtained from the Administrative Office of the Courts (AOC), which contains court records
of filed civil and criminal traffic violation cases. Collision data was obtained from the
Washington Department of Transportation (WSDOT), which includes collision records on
roadways open to the public and involving property damage of at least $1000 or injuries.
This study used data from 2010 through 2023.

1.2 Linkage Inclusion and Exclusion Criteria

Records were eligible for inclusion in the linkage process if they contained a first name and
last name, each consisting of at least 2 letters after standardizing the first and last name
(removing punctuation and special characters, trimming extra spaces), and a complete
date of birth (DOB). For collision records, only drivers with a Washington State driver's



license were included in the linkage cohort. Records were excluded from linkage if either
the first or last name field contains missing or non-name value (e.g., "UNKNOWN," "TEST,"
"NA," "NONE," "NULL," "MISSING," "SUSPECT," "SUBJECT," "VOID", "ERROR",
"FILEDINERROR", "INC DOT", "CO INC", "LLC DOT", "LLC", "LANDSCAPE SUPPLIES", "AUTO
SALES", "HEAVY HAUL", "WALTER TRUCKING", "COMPANY INC", "B-FAM INC", "DELIVERY
SERVICES", "TRANSPORT SERVICE", “ZDZDA”), as these values do not represent
identifiable individuals and cannot support reliable name-based matching.

1.3 AOC Citation Data Profile

The AOC dataset contained 3,789,041 traffic citation and infraction records between 2010
and 2023. Records missing at least one key linkage identifier (first name, last name, or
DOB) were excluded (n = 11,964), leaving 3,777,077 records eligible for linkage. After exact
matching on cleaned first and last name, date of birth, and gender to collapse duplicate
identity records, 2,056,215 unique AOC person-level records remained for probabilistic
linkage. There were 10,273 records with DOB on the first day of the year, almost twice as
many as records with DOB not on the first day of the year (Figure 1), suggesting that some
were placeholders.

Figure 1. Top and bottom 10 counts of the date of birth, AOC, 2010-2023
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1.4 WSDOT Collision Data Profile



The WSDOT dataset contained 2,901,108 collision records between 2010 and 2023.
Records missing at least one key linkage identifier (first name, last name, or date of birth)
were excluded (n =372,513), leaving 2,528,595 records with complete linkage identifiers.
Because the study focused on Washington State drivers, an additional 173,840 records
involving non-Washington driver licenses were excluded. The final linkage-eligible WSDOT
dataset therefore contained 2,354,755 collision records. After exact matching on cleaned
first name, cleaned last name, date of birth, and gender to collapse duplicate identity
records, 1,803,845 unique WSDOT person-level records remained for probabilistic linkage.
There were 11,774 records with DOB on the first day of the year, almost twice the number

of records with DOB not on the first day of the year (Figure 2), suggesting some were
placeholders.

Figure 2. Top and bottom 10 counts of the date of birth, WSDOT collisions, 2010-2023
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1.5 Probabilistic linkage

Fellegi-Sunter-based probabilistic linkage was conducted using the Splink (15)
probabilistic record linkage package in Python within the RStudio environment. Records
were linked on first name, last name, date of birth, and gender.



Because there were 2,056,215 x 1,803,845 = 3.7 trillion possible pairs and comparing every
possible record pair across the two datasets is computationally prohibitive, candidate
record pairs were first narrowed using six blocking rules, which required an exact match on
date of birth, combined with progressively looser name-matching criteria: 1) matching on
the first two letters of first name; 2) matching on the first two letters of last name; 3) and a
partial/substring match on last name combined with a matching first initial. This tiered
approach was designed to capture true matches with minor name variations, misspellings,
or nickname usage, while keeping the number of candidate pairs computationally
manageable.

Within 11,738,681 candidate pairs generated by blocking, three fields were compared: first
name and last name (using Splink's built-in NameComparison method, which evaluates
similarity across multiple graduated levels — e.g., exact match, high similarity, low
similarity — and incorporates term-frequency adjustments to down-weight the common
names), and gender, compared using exact-match comparison with a null-handling level
for missing data. DOB was not included in the comparison because all the candidate pairs
having DOB matched exactly.

We used “Link-only” linkage model to link AOC citation data and WSDOT collision data. The
probability of observing a given level of agreement between two records that are not a true
match was estimated by randomly sampling up to 10 million candidate pairs. The
probability of observing a given level of agreement between two records that are a true
match were estimated using the Expectation-Maximization (EM) algorithm (15) across two
separate training sessions: the first session trained on pairs with exact match on last name
and date of birth (804,011 pairs); the second trained on pairs with exact match on date of
birth, sex, and first name, with first names longer than four characters and appearing no
more than once among records sharing that date of birth (to reduce bias from common first
name/DOB combinations) (473,014 pairs). Both EM sessions were run without term-
frequency adjustments to avoid circularity in parameter estimation. Table 1 shows
estimated m- and u-probabilities and match weights for each comparison level, following
EM parameter estimation.



Table 1. Final match weight parameters from the Expectation-Maximization-trained linkage

model.
Comparison Comparison level m-probability  u-probability Match weight
Prior Starting match weight -13.288
First name First name is NULL
Exact match on first name 0.978 0.002 8.873
Jaro-Winkler distance of first name >=0.92 0.0130 0.001 3.864
Jaro-Winkler distance of first name >=0.88 0.005 0.001 2.422
Jaro-Winkler distance of first name >= 0.7 0.004 0.024 -2.462
All other comparisons 0.000 1.000 -20.849
Lastname Lastnameis NULL
Exact match on last name 0.976 0.000 11.252
Jaro-Winkler distance of last name >=0.92 0.008 0.000 5.538
Jaro-Winkler distance of last name >=0.88 0.004 0.000 3.845
Jaro-Winkler distance of last name >= 0.7 0.004 0.014 -1.749
All other comparisons 0.000 1.000 -11.522
Gender Genderis NULL
Exact match on gender 0.998 0.516 0.951
All other comparisons 0.002 0.484 -7.902

m-probability: the probability that two records agree on a given comparison level (e.g.,

exact match) given that they are a true match.

u-probability: the probability that two records agree on a given comparison level given that

they are not a true match

Match weight: the log, ratio of the m-probability to the u-probability (log,[m/u]) for a given

comparison level. Match weights for each compared field are summed to produce an
overall match weight for a candidate record pair, which is then converted to a match

probability (ranging from 0 to 1).

Jaro-Winkler distance: a string similarity measure (ranging from 0 to 1, with 1 indicating

identical strings) that accounts for the number of matching characters and their order
between two strings, with additional weight given to agreement at the beginning of the

string to identify likely name matches despite minor spelling differences or transcription

errors (15-17).

A match probability 20.95 was selected as the linkage threshold based on the histogram of
match weights and manual review of 40 pairs in each weight band between -2 and 9, with

precision validation through manual reviews. The distribution of match weights across all
~12M candidate pairs showed a clear bimodal separation, with a trough between roughly -5



and 0 — indicating the model reliably distinguishes matches from non-matches, and that a
threshold set well above this trough would minimize ambiguous classifications (Figure 3).

Figure 3. Histogram of Match Weight
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To validate the selected match probability threshold, three independent random samples
of linked record pairs (n=300 each) were manually reviewed and classified as true or false
matches: (1) a random sample of non-placeholder date-of-birth linked pairs, (2) a random
sample of placeholder date-of-birth (01-01) linked pairs, and (3) a random sample of pairs
with match probability near the selected threshold (0.95-0.97), representing the pairs at
greatest risk of false linkage. Estimated precision was 1.00 (300/300) for the non-
placeholder date-of-birth samples, 0.997 (299/300) for the placeholder date-of-birth
samples, and 0.967 (290/300) for pairs near the threshold.

2. Interrupted time series (ITS) analyses on the impact of COVID-19 on aggressive driving-

related citations

We used traffic citation data from AOC, including civil and criminal traffic violation cases
filed between 2010 and 2023.



Since there is no citation specific to aggressive driving, we used reckless driving (RCW
46.61.500), racing (RCW 46.61.530), speeding (RCW 46.61.400, RCW 46.61.527, RCW
46.61.212 (2), RCW 46.61.212 (3), RCW 46.61.440), improper-passing (RCW 46.61.110,
RCW 46.61.115, RCW 46.61.120, RCW 46.61.130, RCW 46.61.235(4)), failure- to- yield
(RCW 46.61.180, RCW 46.61.185, RCW 46.61.190, RCW 46.61.195, RCW 46.61.205, RCW
46.61.210, RCW 46.61.215, RCW 46.61.220, RCW 46.61.235 [not RCW 46.61.235(4)], RCW
46.61.261, RCW 46.61.365), failure-to-stop (failure to stop at traffic light/stop sign/flagger)
(RCW 46.61.055, RCW 46.61.190, RCW 46.61.015, RCW 46.61.200, RCW 46.61.065(1)(a)),
and following-too-closely (RCW 46.61.145) as proxies for aggressive driving-related
citations

We conducted an ITS analysis using segmented regression to assess changes in
aggressive-driving-related citations associated with COVID-19. The interruption time period
was defined as the start of COVID-19 epidemic, using the statewide COVID-19 shutdown
from the end of March through June 2020 as the indicator (18). For each calendar quarter
from 2010 through 2023, we calculated the proportion of all AOC traffic citations that were
related to aggressive driving. The second quarter of 2020 was excluded because it
corresponded to the shutdown period, during which travel patterns and traffic-
enforcement activities were substantially disrupted.

The segmented regression model included terms for time, the post-shutdown (beginning of
COVID-19 pandemic) period, and time after the shutdown (COVID-19 pandemic period).
The time term estimated the underlying pre-COVID trend. The post-shutdown indicator
estimated the immediate level change in the third quarter of 2020- the beginning of the
COVID-19 pandemic, relative to the level expected from the pre-pandemic trend. The post-
shutdown time term estimated the change in trend after the pandemic began compared
with the pre-COVID trend.

We used Durbin-Watson tests to detect autocorrelation. When autocorrelation was
present, autoregressive errors were incorporated into the segmented regression model.
The order of the autoregressive error structure was selected using the “forecast” package
in R with non-stepwise model selection. Statistical tests were two-sided, and statistical
significance was evaluated at a = 0.05.

3. Association between aggressive driving citations and subsequent crashes

We included drivers who received citations between January 1, 2010 and December 31,
2023. We grouped the citation types into three mutually exclusive categories: (1) speeding-
only citations with a recorded speed over the limit; (2) reckless-driving citations; and (3)
other possible aggressive driving-related citations. Speeding-only citations were further



categorized by the number of mph above the posted speed limit: 1-9 mph, 10-19 mph, and
=220 mph. These categories were selected to distinguish lower-, moderate-, and high-level
speeding based on driver’s perceived enforcement thresholds and the social acceptability
of different levels of speeding (19,20).

The reckless-driving category excluded traffic stops that also included a citation for
attempting to elude police or driving under the influence (DUI), because those concurrent
offenses could independently be associated with subsequent collision risk. The other
potentially aggressive driving-related category was limited to failure to stop at traffic
light/stop sign/flagger (failure-to-stop), failure to yield the right-of-way, following too
closely, and improper passing.

For each driver, the index date was defined as the date of the initial eligible citation.
Citations were excluded if the citation date fell within three days prior to a linked collision
date, to avoid misclassifying citations issued as a result of the collision itself (e.g., a
citation for following too closely issued at the scene of a collision it caused) as a citation
that subsequently led to a later collision.

The primary outcome was the subsequent crash (event) within two years following the
index citation. Follow-up began on the index citation date and continued until the earliest
of the following: the first subsequent collision, two years after the index citation, or the end
of available collision date. Drivers who did not experience a collision during the follow-up
were censored at the end of their observable follow-up period.

We used survival analysis to examine the association between citation type and the hazard
of a subsequent collision. Kaplan—-Meier curves were used to describe collision-free
survival across citation groups. Multivariate Cox proportional hazards regression was used
to estimate adjusted hazard ratios (aHR) and 95% confidence intervals (Cls) adjusted for
age, gender, race, and county. The proportional hazards assumption was evaluated using
the Schoenfeld residuals. All tests of hypotheses were two-sided and used a=0.05 level of
significance. SAS 9.4 (SAS Institute, Cary, NC) software was used for all data analysis.

As a sensitivity analysis, we repeated the Cox proportional hazards analysis using a more
restrictive outcome definition. An event was defined as the first subsequent collision within
two years of the index citation for which the cited driver had at least one recorded
contributing factor; collisions for which the driver’s contributing factor was recorded as
“NONE” or missing were not counted as events. Drivers were followed until the first
qualifying collision and were otherwise censored at two years or at the end of available
collision data, whichever occurred first. The sensitivity model used the same citation
categories, reference group, covariates (age, sex, race, ethnicity, and county), and



assessment of the proportional hazards assumption as the primary model. This analysis
evaluated whether the findings were robust when the outcome was limited to collisions in
which the cited driver had a documented contributing factor.

Results

1. Interrupted time series (ITS) analyses on the impact of COVID-19 on aggressive driving-
related citations

There were 3,750,258 cases with traffic-related citations between 2010 and 2023. Among
them, 76.3 percent (2,861,058) involved only one citation issued at that traffic stop; 20
percent (749,465) involved two citations; and 3.7 percent (139,766) involved more than two
citations.

Table 2 and Figure 4 show the selected citations as aggressive proxies by year. Total traffic-
related citations more than quadrupled from 108,324 in 2010 to a peak of 580,943 in 2019,
before dropping to 433,687 in 2020 and settling into a range of roughly 350,000-440,000
from 2021-2023. Speeding citations went from being roughly 1 in 7 (n=15,290, 14%)
citations in 2010 to over half (n=212,577, 59%) of all citations by the end of 2023. Reckless
driving citations stayed fairly stable in count (roughly 6,000-8,000/year throughout, with a
peak of 8,409 in 2019), but its share of total citations fell substantially — from 5.7-5.8
percentin 2010-2012 down to 1.4-1.9 percent from 2019-2023. Reckless driving citations
didn't decrease, but the surge in speeding citations and total citation volume diluted its
relative share. Less than 1 percent of citations were for racing every year, with counts
ranging from 59 (2012) to 154 (2020). Improper-passing increased modestly in raw count.
Failure-to-yield increased from 0.5 percent (2010-2014) to a peak of 1.3 percent (2018-
2019 and 2022), remaining in the 1.1-1.3 percent range through 2023. Following-too-
closely increased from 0.6-0.9 percent (2010-2014) to 2.3-2.8 percent from 2016 onward,
roughly tripling its share of citations. Failure-to-stop (failure to stop at traffic light/stop
sign/flagger) followed a similar pattern to following- too-closely — rising from 1.3-1.5
percent (2010-2014) to a peak of 2.9 percent (2018), then stabilizing around 2.3-2.6
percent from 2019-2023.



Table 2. Traffic-related citations by year between 2010 and 2023

Reckless- . . Improper Failure- Following Failure-to-
driving Racing  Speeding -passing to-yield "too- stop
Year Total closely
6,157 62 15,290 140 537 641 1,556
2010 108,324 (5.7%) (<0.1%) (14%) (0.1%) (0.5%) (0.6%) (1.4%)
6,401 63 16,023 159 550 736 1,426
2011 111,498 (5.7%) (<0.1%) (14%) (0.1%) (0.5%) (0.7%) (1.3%)
6,325 59 19,029 170 562 835 1,518
2012 108,882 (5.8%) (<0.1%) (17%) (0.2%) (0.5%) (0.8%) (1.4%)
7,064 97 22,364 213 686 978 1,957
2013 127,387 (5.5%) (<0.1%) (18%) (0.2%) (0.5%) (0.8%) (1.5%)
6,464 106 21,244 224 776 1,189 1,914
2014 128,371 (5.0%) (<0.1%) (17%) (0.2%) (0.6%) (0.9%) (1.5%)
6,302 106 43,931 385 1,661 3,299 3,617
2015 168,552 (3.7%) (<0.1%) (26%) (0.2%) (1.0%) (2.0%) (2.1%)
6,013 131 86,918 772 3,011 6,185 6,365
2016 239,653 (2.5%) (<0.1%) (36%) (0.3%) (1.3%) (2.6%) (2.7%)
6,410 111 101,639 809 3,286 6,597 6,589
2017 260,821 (2.5%) (<0.1%) (39%) (0.3%) (1.3%) (2.5%) (2.5%)
7,710 81 130,280 1,041 4,204 7,991 9,146
2018 319,408 (2.4%) (<0.1%) (41%) (0.3%) (1.3%) (2.5%) (2.9%)
8,409 101 313,397 2,061 7,380 13,361 14,475
2019 580,943 (1.4%) (<0.1%) (54%) (0.4%) (1.3%) (2.3%) (2.5%)
6,457 154 255,829 1,552 3,674 8,167 9,970
2020 433,687 (1.5%) (<0.1%) (59%) (0.4%) (0.8%) (1.9%) (2.3%)
6,691 151 212,577 1,499 4,467 9,881 9,351
2021 375,337 (1.8%) (<0.1%) (57%) (0.4%) (1.2%) (2.6%) (2.5%)
6,456 107 196,794 1,405 4,586 9,694 8,356
2022 348,826 (1.9%) (<0.1%) (56%) (0.4%) (1.3%) (2.8%) (2.4%)
6,576 78 257,250 1,707 4,936 10,462 11,264
2023 438,569 (1.5%) (<0.1%) (59%) (0.4%) (1.1%) (2.4%) (2.6%)




Figure 4. Count of aggressive driving citations by type, 2010-2023
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Table 3 shows the citations as aggressive driving proxies by age and gender. Drivers under
25 accounted for 70 percent of racing citations (16-19-year-olds: 27% and 20-24-year-olds:
43%). Drivers under 35 accounted for more than half (56%) of reckless driving citations (20-
24-year-olds: 22% and 25-34-year-olds: 34%). Drivers cited for speeding, improper-

passing, following-too-closely, and failure to stop at traffic light/stop sign/flagger (failure-
to-stop) were relatively evenly distributed by age groups, peaking in the 35-54-year-old
group (speeding: 32%; improper-passing: 32%; failure-to-yield: 29%; following-too-closely:
29%; failure-to-stop: 36%, respectively). Drivers aged 65 and older had the highest
percentage of failure-to-yield citations (13%), compared with other citations (e.g., speeding
citations (4.1%), following-too-closely citations (6%). Males accounted for 94 percent of

racing citations, 76 percent of reckless driving citations, and 60-70 percent of other

citations.

Table 3. Traffic-related citations by age and gender between 2010 and 2023

Reckless- . . Improper- Failure- Following- Failure-to-
driving Racing  Speeding passing  to-yield too- stop
93,435 407 16925965 ) 1a” 40316 GOV g7 504
80,016
Age
262 54 5
<1 % 2 (<0.1% <0.1% <0.1%
6 0.3%) °0O% 00 201 g qg 3(S01%)  B(<0.1%)
16-19 5,803 385 134,570 1,007 4,212 7,477 6,172
(6.2%)  (27%) (8.0%) (8.3%)  (10%) (9.4%) (7.1%)
20-24 20,236 606 322,102 1,798 5,684 15,090 12,039
(22%)  (43%) (19%) (15%)  (14%) (19%) (14%)
2534 31,764 296 488,370 2,989 9,080 22,709 23,010
(34%)  (21%) (29%) (25%)  (23%) (28%) (26%)
35-54 27,583 103 540,796 3,904 11,719 23,028 31,313
(30%)  (7.3%) (32%) (32%)  (29%) (29%) (36%)
55-64 5,642 14 134,575 1,415 4,357 6,775 8,943
(6.1%)  (1.0%) (8.0%) (12%)  (11%) (8.5%) (10%)
65+ 1,925 1 68,429 994 5,147 4,768 5,756
(2.1%) (<0.1%)  (4.1%)  (8.2%)  (13%) (6.0%) (6.6%)
NA 220 2 3,669 28 112 166 263
Gender
F 22,003 83 581,530 3,497 16,690 28,811 28,881
(24%)  (5.9%) (34%) (29%)  (42%) (36%) (33%)
M 71,117 1,322 1,106,280 8,604 23,483 50,985 58,305
(76%)  (94%) (66%) (71%)  (58%) (64%) (67%)
NA 315 2 4,755 36 143 220 318




Table 4 and Figure 5 show the trends in quarterly proportions of citations before and after
COVID-19. Prior to COVID-19, reckless driving showed a significant 0.11percent quarterly
decrease. The rest of the citation types showed significant upward trends, with speeding
having the strongest increase (1.04% quarterly). Immediately after the shutdown (COVID-
19 pandemic began), speeding jumped significantly by 6.69 percent, and failure to stop at
traffic light/stop sign/flagger (failure-to-stop) dropped significantly by 0.81 percent. None of
the groups showed a statistically significant change in trends post-COVID.

Table 4. Interrupted time series regression estimates (95% CI) for the effect of COVID-19
on quarterly proportions of aggressive driving proxy citations, 2010-2023.

Type

Pre-COVID slope

Immediate post-
COVID level change

Change in slope
after COVID-19

Reckless driving
Racing

Speeding
Improper-passing
Following-too-
closely

Failure-to-yield

Failure-to-stop

-0.0011

(-0.0014 to -0.0007)***

-0.0000

(-0.0000 to -0.0000)*
0.0104

(0.0074 to 0.0133)***
0.0001

(0.0001 to 0.00071)***
0.0006

(0.0004 to 0.0008)***
0.0003

(0.0002 to 0.0003)***
0.0005

(0.0003 to 0.0008)***

0.0002
(-0.0063 to 0.0068)
0.0001

(-0.0002 to 0.0004)
0.0669

(0.0136to 0.1201)*
-0.0001

(-0.0008 to 0.0005)
-0.0044

(-0.0127 to 0.0040)
-0.0029

(-0.0066 to 0.0008)
-0.0081

(-0.0133 to -0.0029)*

0.0008

(-0.0006 to 0.0021)
-0.0000

(-0.0000 to 0.0000)
-0.0103

(-0.0208 to 0.0001)
-0.0000

(-0.0001 to 0.0000)
-0.0003

(-0.0013 to 0.0007)
-0.0001

(-0.0005 to 0.0003)
-0.0000

(-0.0006 to 0.0006)

*: P<0.05
**:P<0.001
***:P<0.0001

Figure 5, Interrupted Time Series for the effect of COVID-19 on quarterly proportions of
aggressive driving proxy citations, 2010-2023
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2. The relationship between aggressive driving citations and subsequent crashes

Figure 6 shows the unadjusted cumulative probability of a collision during the two years
following the index citation. The reckless driving and speeding 20+ mph groups followed
similar trajectories throughout the follow-up period, both reaching approximately 13
percent cumulative collision probability at the end of two-year follow-up. In other words,
roughly 13 percent of drivers in each group had been involved in a collision within two years
after the citation.

The curves for drivers cited for speeding 1-9 mph or 10-19 mph over the posted speed limit,
or other potentially aggressive driving-related citations (improper-passing, failure-to-yield,
following-too-closely, failure-to-stop) were lower and closely together. The estimated
cumulative collision probabilities were approximately 9-10 percent at the end of two-year
follow-up, with the speeding 1-9 mph group having the lowest cumulative collision
probability, indicating that roughly 9-10 percent of drivers in these three groups had a
collision within two years after the citation.

Figure 6. Kaplan-Meier estimates of cumulative probability of collision within two years
following an aggressive driving-related citation, by citation type.
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Figure 7 shows that, compared to drivers cited for speeding 1-9 mph over the limit, the risk
of a collision within two years increased with citation severity: the risk increased by 11
percentin drivers cited for speeding 10-19 mph (aHR 1.11, 95% CI: 1.08-1.14), increased by
32 percent in drivers cited for speeding 20+ mph (aHR 1.32, 95% ClI: 1.28-1.36), and
increased by 58 percent in drivers cited for reckless driving (aHR 1.58, 95% CI: 1.51-1.65),
the highest increase of any citation category. Drivers cited for other possible aggressive
driving (improper-passing, failure-to-yield, following-too-closely, or failure-to-stop) also
showed an increased risk of a collision within two years by 24 percent (aHR 1.24, 95% CI:
1.20-1.27), which was between the speeding 10-19 mph and 20+ mph two groups.



Figure 7. Adjusted hazard ratios for collision within two years following citation, by
aggressive driving citation type
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Figure 8 shows that in the sensitivity analysis restricted to subsequent collisions in which
the driver had at least one recorded contributing factor, the associations were stronger
than those observed in the primary analysis. Compared with drivers cited for speeding 1-9
mph over the limit, the adjusted collision risk was 14% higher among drivers cited for
speeding 10-19 mph (aHR 1.14; 95% CI, 1.10-1.17), 45% higher among those cited for
speeding 220 mph (aHR 1.45; 95% CI, 1.40-1.50), and 91% higher among those cited for
reckless driving (aHR 1.91; 95% CI, 1.81-2.01). Drivers cited for other potentially aggressive
driving behaviors also had a 31% higher collision hazard (aHR 1.31; 95% ClI, 1.27-1.36).
These findings were consistent with the primary analysis and demonstrated an increasing
collision risk with citation severity, with reckless driving remaining the category associated
with the highest hazard.

Figure 8. Adjusted hazard ratios for collision (driver had at least one recorded contributing
factor) within two years following citation, by aggressive driving citation type
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Discussion

The citation data showed that the total citations increased from 108,324 in 2010 to a peak
of 580,943 in 2019, largely driven by speeding citations, which increased from 15,290 (14%)
to 313,397 (54%). In contrast, reckless-driving citations remained comparatively stable in
absolute number, but their proportion declined from 5.7 percent in 2010 to 1.4 percentin
2019, indicating that their declining share primarily reflected the rapid growth of other
citations, particularly speeding. Following the COVID-19 pandemic, total citations fell by
approximately 25 percent between 2019 and 2020, then continued to decline through 2022
before partially recovering in 2023. The Washington Traffic Safety Commission reported
that citations issued by law enforcement decreased by 44 percent in 2020 compared to
2019, as limitations on in-person contact and proactive traffic enforcement reduced
citation activity in Washington State (18).

Before COVID-19, the quarterly proportion of reckless-driving citations declined
significantly, whereas the proportions of speeding, improper-passing, following-too-
closely, failure-to-yield, and failure to stop at traffic light/stop sign/flagger (failure-to-stop)
citations increased significantly; racing also showed a very small declining trend. In the
third quarter of 2020 (after COVID-19 pandemic began, compared to the first quarterin
2020 (pre-COVID), speeding citations increased immediately by an estimated 6.69
percentage points in the third quarter. None of the aggressive-driving proxies demonstrated
a statistically significant change in slope following the onset of COVID-19 pandemic. In



other words, speeding citations rose sharply immediately after the COVID-19 pandemic
began, and remained relatively stable thereafter. The immediate increase in the proportion
of speeding citations is consistent with previous research indicating that pandemic-related
reductions in traffic volume produced less-congested roads and greater opportunities for
speeding and extreme speeding (10,11). However, because the outcomes were proportions
of citations rather than direct measures of driving behavior, these patterns may also reflect
changes in traffic exposure, police enforcement activity, enforcement priorities, or the
distribution of other citation types during the pandemic. Accordingly, the findings should
not be interpreted as direct estimates of changes in the prevalence of aggressive driving.

Compared with drivers cited for speeding 1-9 mph above the posted limit, drivers cited for
speeding 10-19 mph above the limit had an 11 percent higher risk for subsequent collisions
in two years; drivers cited for speeding 20 mph or more above the limit had a 32 percent
higher risk, drivers cited for reckless driving a 58 percent increased risk, whereas drivers
cited for other aggressive-driving proxies, including improper-passing, failure-to-yield,
following-too-closely, and failure to stop at a traffic light/stop sign/flagger (failure-to-stop),
had a 24 percent higher risk. The increasing hazard ratios across speeding categories
suggest a dose-response relationship in which more serious speeding violations identify
drivers at progressively greater risk of a subsequent collision. These findings are consistent
with evidence that drivers with previous traffic violations have elevated risks of subsequent
risky driving, repeat violations, and crashes, and with established evidence that higher
speeds increase collision risk(21).

Limitation
1. Limitations of Record Linkage

Several limitations of the probabilistic record linkage approach should be noted. First,
about 10,000 records in AOC and 12,000 records in collision datasets contained date-of-
birth values as 01-01-YYYY, indicating some were placeholders when a true date of birth
was unknown or unrecorded. Because all blocking rules required exact date-of-birth
agreement, this placeholder pattern could not be resolved through blocking alone;
however, manual review of a random sample of placeholder-DOB linked pairs (n=300)
found no false matches at the selected threshold, suggesting the model's reliance on
strong name-based evidence adequately compensated for this data quality issue in the
final linked dataset.

Second, because DOB was used in every blocking rule (and therefore uninformative as a
scored comparison within blocked pairs), the linkage model relied only on first name, last
name, and sex as comparison fields. No additional identifying fields (e.g., address, or a



unique government identifier) were available to further identify individuals with common
names.

Third, the linkage relies exclusively on blocking rules requiring exact DOB agreement,
meaning that true matches with a discrepant DOB between the AOC and collision records
(e.g., due to a transcription error or typo) could not be identified through this linkage
approach.

Finally, manual review indicated a meaningful proportion of true matches likely fall below
the selected match probability threshold of 0.95: review of a random sample of pairs
scoring 0.85-0.95 (n=300, currently excluded from the linked dataset) found approximately
87 percent were true matches on manual inspection. This suggests the selected threshold,
while achieving high precision (0.967-1.00 across three validation samples), may exclude a
nontrivial number of true collision-citation links, potentially undercounting collision events
in the analytic cohort.

2. Limitations of the ITS

First, ITS assumes that no other major event or policy change occurred at approximately
the same time as the COVID-19 shutdown. Concurrent changes in traffic volume, police
staffing, enforcement priorities, court operations, automated enforcement, or traffic laws
could therefore partly explain the observed changes in citation patterns. Second, citations
are an indirect measure of driving behavior and depend on both the occurrence and
detection of violations; consequently, changes in citation proportions may reflect changes
in enforcement activity rather than actual changes in aggressive driving. Third, using
proportions introduces a compositional limitation because an increase in the proportion of
one citation type may result from decreases in other types, even if its absolute frequency
does notincrease. Finally, the relatively short post-COVID period may limit statistical
power to detect gradual changes and make it difficult to determine whether observed
effects were temporary or sustained.

3. Limitations of the Cox Proportional hazards analysis

First, residual confounding may remain even after covariate adjustment. Factors such as
annual miles driven, driving frequency, roadway environment, occupation, vehicle type,
enforcement exposure, and underlying risk-taking tendencies may influence both citation
type and subsequent collision risk but may not be available in the data. Second, citations
reflect detected and enforced violations rather than all unsafe driving behavior; therefore,
differences in enforcement practices across locations and time periods may introduce
exposure misclassification or selection bias. Finally, hazard ratios are relative measures
and should not be interpreted as absolute collision risks or causal effects. Thus, the



observed associations indicate that certain citation types may identify higher-risk drivers,
but they do not establish that receiving a specific citation causes a subsequent collision.

Conclusion

This study shows a substantial increase in traffic citations and changes in the distribution
of citations that serve as aggressive driving proxies in WA between 2010 and 2023. Notably,
there was an increase in speeding citations over time and an immediate increase in the
proportion of citations that were given for speeding following the COVID-19 pandemic,
although no significant changes in citation trends were detected after the pandemic began.
Citation patterns also varied by demographic group, with racing and reckless driving
concentrated among younger and male drivers and failure-to-yield citations relatively more
common among older drivers. Additionally, among cited drivers, drivers whose citations
reflected riskier driving behaviors were more often involved in a crash within the two years
following the citation compared with those cited for speeding 1-9 mph over the speed limit.
These findings suggest that citation type and severity may help identify drivers at increased
risk of subsequent collisions and support targeted, evidence-based enforcement and
prevention strategies, particularly for excessive speeding and reckless driving.
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