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ABSTRACT OF THESIS

CLUSTERING STATES TO IMPROVE THE
STRATEGIC HIGHWAY SAFETY PLAN

Each update to a Strategic Highway Safety Plan (SHSP) can require a large amount of time,
resources, and funding. From the requirements in U.S.C.148(a)(13)(E-F), in the SHSP
update process states must consider the results of other transportation planning processes
and develop a list of strategies to reduce or eliminate fatal and serious injury crashes
(United States , 2023). To fulfil these requirements more efficiently and to gain the largest
amount of benefit from said research, this thesis asks the question: how do we select other
state transportation plans to study for ideas on improving our own SHSP? In this thesis, a
k-means clustering method is proposed to group states based on a variety of factors. These
include state demographics, roadway attributes, highway safety performance, and SHSP
characteristics. Specific clusters of states can then be selected based on other states that
share characteristics most like our own, or based on other states that have the best safety
performance. Then, in future studies, the smaller group of states selected can be studied for
successful safety improvement programs that have been implemented to gain ideas for
improving our own state’s next SHSP. As a case study, the methodology and resulting
conclusions are applied to Kentucky in this thesis.

KEYWORDS: Strategic Highway Safety Plan, Highway Safety, K-Means Clustering,
Emphasis Areas, Traffic Safety Planning
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CHAPTER 1. INTRODUCTION

1.1 Introduction

Space exploration in the United States has been known to push the limits of science,
engineering, technology, and human abilities. With these complex and powerful
technologies, space exploration involving human crew members comes with serious risks.
NASA Administrator Aaron Cohen once said “Let’s face it, space is a risky business. I
always considered every launch a barely controlled explosion” (Cohen). As of 2022, there
have been 23 astronaut fatalities, which have been a result of fatal incidents during
preparations for the flight or during the actual flight (Orbital Today, 2022). Despite these
tragic losses, there have been fewer astronauts that have died in the history of space
exploration than the amount of people who are killed from car crashes each week in some
larger states within the United States. Part of this is because space exploration has included
redundant systems to increase safety to counteract the dangers of space travel. Astronauts
are also safe users of space travel equipment. According to the book Safety Design for
Space Systems, there are detailed and redundant safety systems set in place for the space
environment, life support systems, emergency systems, collision avoidance systems,
robotic systems, materials, oxygen systems, software systems, mechanical components,
crew safety training, and more (Musgrave, Larsen, & Sgobba, 2009). While there are a
variety of factors that must be avoided with space travel but are not a concern with highway
travel (such as loss of oxygen), more extensive safety systems should be included in
roadway safety to increase the factor of safety and reduce the serious injuries and fatalities.

Highway transportation has been the most popular form of transportation within the United
States since the early 1900’s. In the 1960’s highway fatalities increased by 47.1% along
with vehicle-miles traveled, which increased by 47.8% (Bureau of Transportation
Statistics, 2016). As a result of these rising numbers, the first major efforts toward
improving highway safety came with the creation of the Department of Transportation in
1966 (Weingrof, 2021) and again in 1970 with the formation of the National Highway
Traffic Safety Administration (NHTSA) (National Highway Traffic Safety Administration,
2015). The 1970’s also saw a rise in highway fatalities, with 1972 having the highest
number of fatalities ever recorded in one year at 54,589 fatalities. However, the end of the
decade began to see results with the national fatality rate dropping from 4.7 to 3.3 (fatalities
per 100 million vehicle-miles traveled). In the 1980°s there was a continued drop in the
national fatality rate, from 3.4 to 2.2 fatalities per 100 million vehicle-miles traveled
(VMT); in the 1990’s, the national fatality rate was reduced from 2.1 to 1.6 per 100 million
VMT (Bureau of Transportation Statistics, 2016). The national average has continued to
fall to 1.33 fatalities per 100 million VMT as of 2021 (National Highway Traffic Safety
Administration, 2022). These reductions in highway fatalities are the result of safer vehicle
designs, new safety technology within vehicles, safer roads and infrastructure, the
implementation of behavioral safety programs, and more standardized emergency medical



services (Bureau of Transportation Statistics, 2016). However, there is still work to be done
to reduce this number to zero.

Recently, a Safe Systems Approach has been adopted by the U.S. Department of
Transportation Federal Highway Administration (FHWA) with a goal to eliminate all
traffic related fatal and serious injuries. This approach includes five key element — safe
road users, safe vehicles, safe speeds, safe roads, and post-crash care (Federal Highway
Administration, 2023) — which should be integrated in a holistic manner (Doctor & Ngo,
2022). According to the FHWA Safe System mentality, it is understood that humans will
make mistakes; however, these mistakes should never lead to death. Therefore, risks for
the error occurring must first be reduced (Federal Highway Administration, 2023). Then,
when crashes do occur, collision forces on the human body must be kept within tolerable
limits to reduce injury severity from the crash (Doctor & Ngo, 2022). The graphic below
from the FHWA illustrates the connection between each component of the Safe System
Approach (U.S. Department of Transportation, 2022).
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Figure 1: Safe Systems Approach, Image from FHWA

1.2 Strategic Highway Safety Plan Background

The Strategic Highway Safety Plan (SHSP) is the highest-level, coordinating safety plan
that “identifies and analyzes highway safety problems and opportunities” within the state
(Federal Highway Administration, 2020). The SHSP is a performance-based approach to
highway safety. It also takes a systems-based approach, pointing back to the Safe System
Approach defined above in Section 1.1. The SHSP should analyze crash data, roadway
data, and traffic data to identify critical highway safety problems and corresponding safety
improvement opportunities. SHSP multi-year performance goals are then established along
with emphasis areas and countermeasure strategies (Federal Highway Administration,



2016). They are meant to be measurable and ambitious, such as “striving towards zero
deaths” (Federal Highway Administration, 2020). After this, the SHSP is used to provide
“strategic direction” for the state plans listed above by incorporating the safety
performance goals, emphasis areas, and countermeasure strategies included in the SHSP
where appropriate.

Since 2005, each state has been required to submit an updated SHSP document every five
years to be eligible for Highway Safety Improvement Program (HSIP) funding (23 U.S.C.
148(c)) (Federal Highway Administration, 2016). The HSIP program is one of the largest
transportation safety funding sources from the federal government, so it is essential for
states to fulfill this requirement. The main components that must be included in each SHSP
update are codified in 23 U.S.C. 148(a)(13)(A-E) These were extracted and included in
Table 1.1 below (United States , 2023). This thesis will focus on improving the process to
fulfill requirements (E) and (F), which will be discussed further in Section 1.3.

Table 1: SHSP Requirements, as listed in 23 U.S.C. 148(a)(13)(A-E)
Alls dﬂ'elc:pad‘after consultation with - —
1. ahighway safety representative of the Govemor of the State

. regional transportation planning organizations and metropolitan planning
organizations, if any;

il  representztives of major modes of transportation:
iv.  State and local traffic enforcement officials:

v. 2 highway-rail grade crossing safety representztive of the Govemnor of the
Srae;

vi. representztives conducting a motor carrier safety program under section
31102, 31104, or 31309 of tifle 49-

vil.  motor vehicle admimistration agencies

viil.  county tramsportation officials.
ix. State representatives of nonmotorized users; and
x.  other major Federzl, State, tribal, and local safety stakeholders;
Analyzes and makes effective use of State, regional, local, or tribal safety data;

Addreszes engineering, management, operation, education, enforcement, and
emergency services elements (Including integrated, interoperable emergency
communications) of highway safety as key factors in evaluating highway projects;

D | Considers safaty needs of, and high-fatality segments of, 21l public reads, including
non-State-pvmed public reads and roads on tribal land;

E | Considers the results of State, regional, or local transportation and highway safety
planning processes;

Describes a program of strategies to reduce or eliminate safety hazards;

F

G | Includes a vulnerable road user safety assessment;

H | Is approved by the Govemner of the State or a responsible State agency;
I | Is consistent with section 135{g); and

T | Is updated and submitted to the Secretary for approval as required under subsection
(d¥2)




Kentucky’s most recent SHSP update is for the years 2020-2024. Therefore, Kentucky’s
next SHSP update is due December 31, 2024. The current SHSP identifies six emphasis
areas:

e Aggressive Driving

¢ Distracted Driving

e Impaired Driving

e Occupant Protection

e Roadway Departure

e Vulnerable Road Users

The SHSP also provides strategic direction for other transportation safety plans created by
the state. Some examples of the plans that must coordinate with the state’s most recent
SHSP and any corresponding legislation include:

e HSIP Annual Report and Annual Investment Plan

e Triennial Highway Safety Plan (3HSP) (Title 23 U.S.C. 402(b)(1)(F)(v))
e Commercial Vehicle Safety Plan (CVSP) (49 CFR 350.201 and 205)

e VRU Assessment (Title 23 U.S.C. 148(a)(13)(H))

e Local safety plans

As mentioned above, HSIP is a “core Federal-aid program” that provides funding to states
for projects aimed at reducing roadway fatalities and serious injuries. According to FHWA,
the HSIP has three main components: the SHSP, the State HSIP or program of highway
safety improvement projects, and the Railway-Highway Crossing Program (Federal
Highway Administration, 2022) The HSIP report is submitted by each state to FHWA each
year, which details the specific projects being implemented that have received HSIP
funding for the year. The state also internally produces an HSIP Investment Plan annually,
which must coordinate with the goals, emphasis areas, and strategies spelled out in the
most recent SHSP. The HSIP report is focused more on engineering countermeasures to
reduce roadway related fatalities and injuries.

As of February 2023, the 3HSP is prepared by each State and submitted to NHTSA every
three years. There are three different submissions included in the triennial framework: the
3HSP, the annual grant application, and the annual HSP report (National Highway Traffic
Safety Administration, 2023). These three documents build upon each other by providing
program information collected at different stages along the program timeline. The 3HSP
plan creates the long-term highway safety plan, which focuses more on education and
enforcement programs to reduce roadway related fatalities and injuries. It also includes
triennial safety performance reporting. The annual grant application allows for annual

4



implementation of the 3HSP plan. Finally, the HSP Annual Report includes the progress
towards achieving the performance targets set in the 3HSP planning document. If the
performance targets are not on track to be met, the HSP Annual Report will include
adjustments for the next 3HSP to better meet these targets. It also includes a list of projects
and activities that have been federally funded over the prior fiscal year (National Highway
Traffic Safety Administration, 2023). NHTSA has created a set of performance measures,
as seen in Table 1.2 below (Federal Highway Administration, 2020) of which the states
must submit in their Annual Report. Performance measures that begin with “C-* are core
measures that measures overall safety progress. Performance measures that begin with “A-
“ are activity measures that track program implementation In addition to core and activity
measures, behavioral measures begin with “B-* and assess driver behavior based on safety
programs that are being implemented.

Table 2: NHTSA Safety Performance Measures for 3HSP
C-1 | Number of traffic fatalities (three-year or five-year moving average)

C-2 | Number of serious injuries in traffic crashes

C-3 | Fatalities/VMT (including rural, urban, and total fatalities)

C-4 | Number of unrestrained passenger vehicle occupant fatalities, all seat positions

C-5 | Number of fatalities in crashes involving a driver or motorcycle operator with a
blood alcohol concentration of 0.08 g/dL or higher

C-6 | Number of speeding-related fatalities

C-7 | Number of motorcycle fatalities

C-8 | Number of un-helmeted motorcycle fatalities

C-9 | Number of drivers 20 of younger involved in fatal crashes

C-10 | Number of pedestrian fatalities

B-1 | Observed seat belt use for passenger vehicles, front seat outboard occupants

A-1 | Number of seat belt citations issued during grant-funded enforcement activities

A-2 | Number of impaired-driving arrests made during grant-funded enforcement
activities

A-3 | Number of speed citations issued during grant-funded activities

The Motor Carrier Safety Assistance Program (MCSAP) Grant is a federal funding
program that focuses on reducing the “number and severity of crashes and hazardous
materials incidents involving commercial motor vehicles (CMVs)” (Federal Motor Carrier



Safety Administrateion, 2021). To be eligible to receive this funding, states must submit a
commercial vehicle safety plan (CVSP).

As of October 2022, states will be required to submit a Vulnerable Road Users (VRU)
Assessment to the FHWA. They will first be required to submit this document by
November 2023; after this, the updated VRU Assessment will be included with SHSP
updates as an appendix. In this assessment, data will be analyzed to determine safety risks
to VRU in areas that have been identified using high-risk and subsequently develop
projects and strategies to reduce these risks (Federal Highway Administration, 2022).

To recap, all the planning documents mentioned above are connected to the SHSP and all
can play a part in improving overall highway safety. Some focus more heavily on certain
categories of the safe systems approach than others. Figure 2 below is a graphic that shows
the relationship between potential emphasis areas identified from the SHSP, other highway
safety planning documents, and the safe systems approach. Data quality and management
makes up the foundation of the relationship graphic because quality data is necessary to
plan and implement any aspect of highway safety.
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Figure 2: Highway Safety Planning Relationship with Highway Safety

1.3 Problem Statement

Each update to a SHSP requires a large amount of time, resources, and funding. To fulfil
the requirement of U.S.C. 148(a)(13)(E) more efficiently and to gain the largest amount of
benefit from said research, this thesis will ask the question: how do we select other state
transportation plans to study for ideas on improving our own SHSP? Researching all fifty
states would take too much time, so how does Kentucky effectively pick the “best” state
safety programs to look at? Ultimately, how can the states be grouped so that Kentucky
can compare our safety performance and current SHSP to other state safety programs and

improve our next SHSP?



CHAPTER 2. LITERATURE REVIEW

2.1 Using highway safety performance data

Before beginning analysis using highway safety performance data in this thesis, it is
important to understand the uses and misuses of this data. A study by O’Neill and
Kyrychenko discusses just this: uses and misuses of motor-vehicle crash death rates when
assessing highway-safety performance (O'Neill & Kyrychenko, 2006). In their analysis,
they recognize that motor vehicle fatality rates are commonly used to measure a
jurisdiction’s progress in highway safety over time. They are also often used to analyze the
success or “failure” of a particular countermeasure. Crash fatality rates have been a popular
safety performance measure because the numerator (the number of deaths) is known with
decent accuracy and the denominator (such as vehicle miles traveled, number of registered
drivers, population) attempts to control for variance in driving risk exposure between
locations. However, after the analysis they note that many factors outside of highway-
safety policy influence the mileage death rates. For example, O’Neill and Kyrychenko note
that almost 60% of the variability of crash rate differences between states can be explained
by urbanization (O'Neill & Kyrychenko, 2006). Therefore, the denominators in crash
fatality rates do not account for all or even most of the variations in exposure over time and
across jurisdictions. While these crash fatality rates do reflect the general status of highway
safety within an area, they recommend researchers should use caution when comparing
highway-safety performance with this performance measure and not assume that all the
variation in crash fatality rates are due to particular highway policy or countermeasure.
Additionally, the authors of the same study highlighted that outcome measures directed
related to the countermeasure are better for evaluation than overall crash fatality rates. For
example, if the impact of motorcycle helmet laws is being studied, motorcyclist deaths
should be used rather than the total number of vehicle crash fatalities (O'Neill &
Kyrychenko, 2006).

2.2 Impact of COVID-19 on highway safety

Beginning in March 2020, the World Health Organization announced that the spread of the
COVID-19 virus was a global pandemic (World Health Organization, 2020). In an attempt
to reduce the spread of the disease, governing jurisdictions introduced unprecedented
public health measures to limit people’s in-person contact with one another. These included
temporarily closing schools, businesses, entertainment venues, and leisure activities, to
name a few. As a result of this, transportation patterns were also largely impacted. The
FHWA’s annual Highway Statistics Series reports the annual vehicle-miles travelled for
the United States. From this data shown in Table 2.2 below, there was a drastic drop in
VMT during 2020 when COVID-19 restrictions were the strictest (U.S. Federal Highway
Administration, 2021). The VMT data was adapted from the Highway Statistics Series
table VM-202; percent change added.



Table 3: Percent change of annual VMT before and during COVID-19 pandemic

Annual Vehicle-Miles of Travel, Total for the
United States

Year |VMT (millions)|Percent Change (%)
2014 3,025,656

2015 3,095,373 2.3

2016 3,174,408 2.6

2017 3,212,347 1.2

2018 3,240,327 0.9

2019 3,261,772 0.7

2020 2,903,622 -11.0

2021 3,132,411 7.9

From these changes in travel during the COVID-19 pandemic, it must also be considered
if and how changes in driving patterns and driving behavior affected roadway safety and
the highway safety performance measures each state records and submits to the United
States Federal Highway Administration (FHWA). A study published in 2020 by Vingilis
et al. focuses on just this: identifying research questions to consider on driver behavior and
situation factors associated with COVID-19 that could affect road safety during and after
the pandemic (Vingilis, et al., 2020). The areas highlighted in this study included economic
downturn having an impact on road travel and hence on road safety. Human factors such
as increased stress, more “free” time, and increased alcohol and drug consumption were
potential aspects that could negatively affect highway safety. Furthermore, changing public
policy restrictions could change patterns of driver behavior, such as daily commuting
verses working from home. While this study was written in 2020 during the beginning
stages of the pandemic, multiple studies have been conducted since then that focus on one
or more aspects mentioned above and quantified the impact they had on road safety.

In a study on the impact of COVID-19 on road safety in Canada and the United States,
authors Vanlaar et al. compared self-reported changes in risky driving behaviors before
and during the pandemic between Canada and the United States. Risky driving behaviors
considered in this study included speeding, distracted driving, drinking and driving, and
drugged driving. The authors hypothesized that decreases in traffic volume led to an
increase in risky driving behaviors, especially speeding. Initial data showed an average
decrease in all traffic crashes in the U.S. during 2020 of 41%-76%; however, research also
indicated that while overall crashes decreased, there was an average increase in severe
crashes by 25% (Vanlaar, et al., 2021). Survey results from the U.S. showed that while
most of the respondents reported their driving behavior did not change during the
pandemic, and a small proportion reported they were less likely to partake in risky driving
behaviors, there was a notable portion that reported they were more likely to partake in
risky driving behaviors during the pandemic as compared to before. In the U.S. this
included 7.6% of respondents saying they were more likely to speed, 6.8% were more
likely to be distracted while driving, 6.2% were more likely to drive after using drugs, and
7.6% were more likely to drink and drive. A following analysis concluded that the
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respondent’s country and age had a significant impact on if they were more likely to engage
in risky driving behaviors (Vanlaar, et al., 2021).

Yet another study looked at a case study in Salt Lake County, Utah to identify the impact
of COVID-19 on traffic safety in the later stages of the pandemic (Gong, Lu, & Xianfeng,
2023). Using statistical models, crash severity and crash frequency were studied while
factoring in exposure, environmental, and human factors. Results showed that crash
frequency dropped significantly when lockdown restrictions were in place. As restrictions
were relaxed, crash frequency steadily increased until the later stages of the pandemic,
where crash frequency was slightly less but similar to pre-pandemic levels. The varying
vehicle miles traveled (VMT) throughout the pandemic was identified as a contributing
factor to the trends found in crash frequencies. In contrast to the crash frequency, crash
severity increased substantially during the earlier stages of the pandemic, then steadily
reduced to pre-pandemic levels during later stages. Characteristics of the vehicles involved
in the crashes and driver behavior (especially speeding and drinking while driving) were
identified as contributing factors for this trend in crash severity (Gong, Lu, & Xianfeng,
2023). One other case study from California compared crash severity and frequency before,
during, and after the COVID-19 pandemic travel restrictions to determine the effects that
changing VMT and average vehicle speeds had on crashes (Hughes, Kaffine, & Kaffine,
2023). Results from this study also found that VMT and crash frequency decreased
significantly during the pandemic, while the frequency of severe crashes increased during
this same time period. Authors acknowledged that while their case studies may not be
consistent with all other areas in the United States, it is likely generally consistent to
pandemic crash frequency and severity trends in other urban areas because these other areas
saw similar drops in VMT as well (Hughes, Kaffine, & Kaffine, 2023).

The studies above that analyzed the impact COVID-19 had on highway safety will be
important to consider in this thesis because some of the most recent highway safety
performance data submitted to the FHWA by the states are from the pandemic time period.
Based on the literature researched above, in this thesis the data should be compared to pre-
pandemic levels so that short-term changes in highway travel and safety do not lead to
incorrect analyses or conclusions. The selection of data years is discussed further in Section
3.2.

2.3 Literature on Strategic Highway Safety Plans

Since this thesis focuses on SHSPs of all the states, a literature review of current research
on SHSPs must first be conducted. A study in Missouri from 2014 evaluated the change in
Missouri’s motor vehicle crashes after their first SHSP was developed and implemented
between 2004 and 2007 (Mohammadi, Samaranayake, & Bham, 2014). Mohammadi et al.
used models for different crash types to estimate the anticipated number of crashes in 2008
based on the implementation or no implementation of the Missouri SHSP safety
improvements (Mohammadi, Samaranayake, & Bham, 2014). They predicted that fatal
crashes could be reduced by 30% from implementing crash countermeasures included in
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the SHSP. However, this analysis only evaluated Missouri’s change in highway safety
performance internally, it was not compared to other states, and not over multiple time
periods. The results were theoretical and did not compare theoretical values with the actual
number of fatal crashes that occurred in Missouri in 2008. The authors also mentioned that
further analysis of effectiveness for specific emphasis areas identified in the SHSP would
be helpful (Mohammadi, Samaranayake, & Bham, 2014). Additionally, as mentioned in
Section 2.1 by researchers O’Neill and Kyrychenko, this report did not mention other
factors that could have resulted in this reduction of fatal crashes.

Two other journal articles were found on topics meant to help states develop a better SHSP
document. One study by Ogle et al. identifies successful safety programs implemented in
other states based on emphasis areas South Carolina had identified in their SHSP document
(Ogle, Islam, Brown, Davis, & Sarasua, 2018). After the authors identified successful
safety programs in other states, they then estimated the safety improvement potential in
South Carolina based on several factors, including but not limited to: magnitude of the
problem in the state, demographic trends, and current legislation (Ogle, Islam, Brown,
Davis, & Sarasua, 2018). This study could be helpful to provide a list of potential resources
to use when finding other states’ successful safety programs. It also highlights factors that
may change the effectiveness of a safety strategy when implemented in one state as
compared to another. However, there are several limitations to this study. First, the study
was unique to South Carolina. Second, it does not mention how the other programs were
selected. Did this study conduct a nationwide search, or did it search the other states at
random? Conducting a nationwide search would take much longer, and the strategies may
not be near as effective when implemented in South Carolina if the example state has very
different demographics, culture, geography, legislation, etc. This thesis will essentially turn
this process around, where similar states are first grouped. Then, researchers would be able
to narrow down the safety program search to the states in the same grouping.

Another study by Park and Young in 2011 focused on a supplementary method for states
to select and prioritize emphasis areas in their SHSP updates. This is meant to enhance the
analysis done with high-level crash statistics and expert opinion from SHSP stakeholders
to provide more insight in the areas where highway safety has the greatest potential and
need for improvement. According to their research, the federal government through the
American Association of State Highway and Transportation Officials (AASHTO) has
recommended 22 emphasis areas. The study compiled data on the emphasis areas each state
picked for the SHSP documents at the time and then provided some summary statistics on
the data. See an excerpt of a table from Park & Young’s study in Figure 3 below. The
authors found that many states selected a large number of emphasis areas and that certain
emphasis areas were picked frequently among many states (Park & Young, 2012).

In this thesis analysis of characteristics of different state SHSPs it will be helpful to
compare trends among emphasis areas that were chosen in the most recent SHSP updates
as of 2023. When grouping similar emphasis areas together, inspiration could be taken
from the “elements” or categories listed in Park and Young’s study, as seen below in Figure
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3. This thesis will also compare trends for the most current selected emphasis areas. Park
and Young mention in their conclusion that some states may be targeting too many
emphasis areas, which can make coordination between different stakeholder groups in the
SHSP more difficult and therefore implementation of countermeasures for each of the
emphasis areas even more challenging within the set period of time (Park & Young, 2012).
This should be studied even further in this thesis to determine if there is an amount of
emphasis areas that is most beneficial for state roadway safety.

Y. Pk, |. Voung/f Accident Amalysls med Frevention 45 (2012) 752-405 385

Table 1
Mumber of emphasis areas salected by individual states/ provinces from AASHTONS 22 emphasis aneas.
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states] provines percentage (%)
o o o o
7 13 7 1
14 06 n 40
14 6 L] &
0 15 ] ES
E 1 51 £l
2 4 53 100
Table 2
Mumber of states|provinces per emphasis arsa.
Elements 1D na. Emphasis arezs Mo, of states! Fercentage ()
provinces
1. Drivers 1 ituting gradwated licensi i an 75
[graduated drivers censing)
] Ensuring drivers are Fully licenssd and compeient v
(licensed, rompetent drivers)
3 Sustaining proficiency in older drivers [older drivers) k2l 58
4 Curhing aggressive driving |ageressive driving ) 45 85
5 Reducing impaired driving (impaired drivers] 43 a2
& Keeping drivers alert (keeping drivers dert] 20 38
7 Increasing driver salety awareness {driver safety 2 3
awareness)
B Increasing seatbelt wsage and improving airbag 50 54
awaremess (=atbelts and air Bags]
2. Special users ] Making walking and street crossing safer 1 &2
[pedestrians]
10 Ensuring safer bicycle travel [bicyclists] El 51
3. Wehicles n i yole safety and i i n 58
motorcycle awaneness (motorcycisis)
12 Waking truck travel safer ( heavy erucks) m 53
13 Increzing safety enhancements in vehickes (m-vehide 2 4
4 Highways 14 n 7
15 Keeping vehicles on the roadway (keeping vehicles on 45 85
the road)
16 namimizing the comsequences of leaving the road 8 34
Iminimizing consequences of leaving the noad)
7 Improving the design and operation of highway 4z 73
inbersections (ingersections)
18 Reducing head-on and across-median caollisions w a2
head-on collisions)
19 Designimg safer work zones (work zones) 19 k2
5. Emergency medical services 20 Enhancing emergency medical capabilities o increzse 15 k2
survivability [EMS)
& Management n ing i ion and deisi 1 &2
Idecision support systems)
Creating mare effiective pmcesses 2 1 3

management systems (safety mana
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Figure 3: Summary and analysis of state emphasis areas, image from Park & Young

2.4 Clustering States based on highway safety performance

The United States is made up of a unique group of states that can vary greatly in their
geography, economy, population demographics, traffic growth, highway system size, and
more (U.S. Federal Highway Administration, 2021). A study by Henderson & Niemeier
used variables from categories similar to above to delineate peer states with similar
attributes to better account for the jurisdiction variation in the planning and maintenance
of state transportation systems (Hendren & Niemeier, 2008). The FHWA Highway
Statistics Series recommends using the approach laid out in this study to compare state
highway safety performance effectively and unbiasedly. Henderson & Niemeier took data
for 42 variables (extracted from table PS-1 in the FHWA’s Highway Statistics Series) that
impacted transportation investment and policy was collected for two time periods: 1985-
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1990 and 1995-2000. These variables focus on three main themes of general features,
degree of urbanization, and growth characteristics. From a agglomerative clustering
hierarchical method analysis, 10-, 9-, 8-, and 7- cluster solutions were created for the first
time period (1985-1990). For the second time period analysis (1995-2000), cluster options
for 12, 11, 10, 9, and 8 groups were presented. An image of the resulting cluster solutions
created by Hendren & Niemeier for the years 1985-1990 can be seen below in Figure 4
(Hendren & Niemeier, 2008). Additionally, Hendren & Niemeier created a map where
states have been color-coded by clusters, as seen in Figure 5 below (Hendren & Niemeier,
2008). This visual can be used in this thesis to highlight any geographic trends from cluster
analysis results. While the data used to conduct the analysis is now out of data, the process
and the fundamental findings are still relevant and can be applied to more recent data
collected from each of the states for this thesis. Moreso, in the methods used for this thesis,
it could be beneficial to cluster states based on their SHSP characteristics to expand on the
cluster groups that were created from Hendren & Niemeier’s study.

10 Clusters 9 Clusters 8 Clusters 7 Clusters

Agglomeration Step: 40 41 42 43
Fusion Coefficient 319 393 39.7 44.8
Coefficient Increase: 21 7.4 0.4 51
Dendrogram Distance: 6 7 >7 >7

KS NE OK KS NE OK KS NE OK KS NE OK
MO AL KY MO AL KY MO AL KY MO AL KY
Cluster #1 ARGAWA | ARGAWA | ARGAWA | AR GAWA
ILPAOHMI | ILPAQHMI | ILPAOHMI | IL PAOHMI
MN TX MN TX MN TX MN TX

Cluster #2 | LA I LA [ LA LA

IN TN OR IN TN OR INTN OR IN TN OR

WIIA MS WIIA MS WI 1A MS WI 1A MS

NC VA DE NC VA DE NC VA DE NC VA DE
SCwv SCwv SC wWv SC Wv

Cluster #4 FL MD HI FL MD HI FL MD HI FL MD HI
NV NV NV NV

ID SD ND ID SD ND ID SD ND ID SD ND
Cluster #5 CONMUT | CONMUT | CONMUT | CONMUT
MT WY MT WY MT WY MT WY

Cluster #3

Cluster #6 [ ME VT NH I ME VT NH ME VT NH ME VT NH

Cluster #7 | AK [ AK AK AK
MANJCT | MANJCT | MANJCT | MANJCT
Cluster #8 ‘ Rl ‘ Rl ‘ Al ‘ RI ‘
Cluster#8 | CANY | CANY | CANY | CANY |
Cluster #10 | AZ | AZ [ AZ \ AZ \

Figure 4: 1985-1990 Comparison of Cluster Results, Image from Hendren & Niemeier
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Figure 5: 1995-2000 9-Cluster Solution, Image from Hendren & Neimeier

2.5 Demographic and socioeconomic effect on highway safety

Much research is available on the relationship between independent variables and their
effect on highway safety. While the studies listed below are not directly used in this thesis
analysis, it is still helpful to have a general understanding of the different factors that can
affect roadway safety. Potential demographic and socioeconomic factors that affect
highway safety identified in this study include household income, educational attainment,
GDP per capita, gender, age, seat belt usage, alcohol consumption, and urbanization of an
area.

From existing literature, researchers Stamatiadis et al. analyzed why there are higher
fatality crash rates in the southeastern portion of the U.S. as compared to other parts of the
country. They found that the southeast region has a lower educational attainment and
economic standing, and there are more drivers in groups that have been identified as more
likely to participate in risky driving behaviors. The analysis confirmed that lower
educational attainment and economic standing, and the younger and older ages groups were
correlated with single-vehicle crashes (Stamatiadis & Puccini, 1999). Another study by
Lyon et al. focused specifically on younger and older drivers and their crash risk, which is
higher than other driver age groups. Through self-reported data, the authors found that
young drivers (18-21 years old) had the highest proportion of drivers who engaged in
distracted driving or fatigued driving, while older drivers (65 years and older) had the
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lowest proportion of drivers who reported this driving behavior (Lyon, et al., 2020). In yet
another analysis of traffic crashes among the younger and older drivers, McGwin & Brown
confirmed again that young drivers were more likely and older drivers were less likely to
partake in risky driving behaviors. They continued to conclude that for young drivers, this
higher level of risk taking combined with less driving experience led to this age group
having a higher risk of being involved in a crash. Even though older drivers were less likely
to partake in distracted or risky driving behaviors, the age group is overrepresented in
crashes as well, due to perceptual problems and slower response times (McGwin & Brown,
1999).

A study by Lee et al. determined that using proper restraints (i.e. seat belts) could decrease
the fatal crash risk of vehicle occupants up to 54%. They also found that young drivers
were overrepresented in unrestrained crash fatalities (Lee & Schofer, 2003). Another study
from Norway shows consistent results with Lee et al. and concludes that using a seat belt
reduces fatal and serious injuries by 60% for front seat occupants and 44% for rear seat
occupants (Hoye, 2016). Hoye also estimated that unbelted drivers had an 8.3 times higher
fatal crash risk and 5.2 times higher serious injury crash risk as compared to belted drivers
(Hoye, 2016).

In another study by Ye et al. identified other socioeconomic factors related to distracted
driving that are associated with crash risk. These include texting and age, where younger
drivers are more likely to text, annual miles driven, which was also correlated with a higher
likelihood of texting, as were gender (women were more likely to text) and marital status
(married persons were more likely to text) (Ye, Osman, & Ishak, 2017).

In a survey to Americans to analyze the relationship between crash histories, risky driving
behavior, demographic characteristics, and driver opinions on traffic safety
countermeasures, Chen et al. determined that women were more likely to text and drive
while men were more likely to drink and drive. Drivers who were married were more likely
to speed. Drivers who regularly text while driving increased the likelihood of a crash.
Single men drivers had a higher driver’s license revocation rate, received more traffic
citations, and were less likely to wear a seat belt. Impaired driving countermeasures
received the most support from respondents (Chen & Kockelman, 2013).

It is also known that fatality rates and severity of rural crashes are worse than those in urban
areas. This must be kept in mind when comparing different regions. The Kentucky SHSP
identifies four factors that contribute to this trend: human behavior (such as lower seat belt
usage rates in rural areas), vehicle size (there are often more fatal crashes in rural areas
involving large trucks, SUVs, and pickup trucks), roadway environment (rural roads often
have narrow shoulders and only a painted centerline between opposing traffic, which
allows less room for error in roadway departure crashes), and a higher emergency response
time to reach the crash or hospitals in rural areas (Kentucky Transportation Cabinet, 2020).
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2.6 Public policy effect on highway safety

There is also a large amount of literature that focuses on public policy’s effects on highway
safety. This section serves to provide a general overview of how policy can also affect
highway safety. Most of these public policies are focused on the “safe drivers” and “safe
speeds” elements of the Safe Systems approach by regulating risky driving behavior
through laws such as speed limits, seatbelt laws, laws against drinking and driving, and
laws against cell phone use.

McCarthy analyzed the effect of highway speed limits, seat belt use laws, availability of
alcohol, restrictions on common site sale of gasoline and alcohol, and traffic enforcement
on fatal crashes in urban areas (McCarthy, 1999). Results did not provide significant
support for the hypothesis that relaxed speed limits increased fatality crashes or that stricter
seat belt laws reduced fatal crashes. Results supported the hypothesis that police
enforcement is beneficial for drivers to adhere to traffic regulations. There was also support
that increased alcohol availability reduces highway safety; however, this result was based
on the number of alcohol licenses in the urban area and does not solely reflect the amount
of alcohol consumed (McCarthy, 1999). Bans on common gasoline and alcohol sites had a
slight increase in fatal crashes right outside of the urban areas, but the hypothesis that the
ban had no effect could not be rejected for other areas in the study. The author proposes
that this could increase traffic exposure because the average distance travelled to reach
common site sales for gasoline and alcohol are increased. However, there was not enough
data to test this hypothesis in the study. McCarthy concludes that despite the positive trend
of alcohol licenses on fatal accidents, the results should not support limiting the number of
alcohol licenses since alcohol consumption or traffic exposure cannot be explicitly
controlled (McCarthy, 1999).

Another study by Dong et al. also looked at the effects of highway safety laws and
sociocultural characteristics on fatal crashes. In this study, the researchers found that states
that allow speed camera enforcement are associated with a lower amount of fatal crashes
(Dong, Nambisan, & Clarke, 2017). The long-term effect that distracted driving laws have
on driving behavior and subsequently crash frequencies still need to be studied further
before supporting or opposing legislation, findings in this study indicated that limited or
no handheld cell phone enforcement could increase the likelihood of fatal crashes by 25
percent (Dong, Nambisan, & Clarke, 2017).
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CHAPTER 3. METHODOLOGY

3.1 Motivation for clustering states

This study will focus on clustering states to compare and improve their highway safety
performance. In roadway safety, learning from other states can be extremely beneficial in
improving road safety planning, strategies, and implementation. Moreso, this is a
requirement for each SHSP update (see U.S.C. 148(a)(13)(E-F)) (United States , 2023).
However, in the United States, researching fifty states for each road safety projects would
be very time consuming. To use roadway safety researchers’ time more efficiently, this
thesis creates a methodology to identify a group of states that would be most relevant to
learn from based on the roadway safety topic. This thesis considers a variety of different
ways to cluster states: by demographic characteristics of the state, by state highway safety
performance, and by state SHSP document characteristics. Then, this thesis will consider
how the results from these cluster analyses could help improve Kentucky’s next SHSP
update.

3.2 COVID-19 Comments and Data Years Selection

As mentioned in the literature review, the COVID-19 pandemic had a major impact on
transportation patterns. The FHWA reported a large decrease in vehicle miles traveled
during 2020 when COVID-19 restrictions were the strictest (see Section 2.2) (U.S. Federal
Highway Administration, 2021). The precise impact that this change in transportation had
on highway safety is still being researched. This study focuses on clustering states to
compare and improve their highway safety performance under typical travel conditions.
Therefore, variables regarding highway safety performance or highway travel are not used
from the years 2020-2021 to avoid short-term fluctuations in travel risk exposure (and
therefore safety performance) caused by the COVID-19 pandemic.

2020 Demographic data from the U.S. Census Bureau are used because these variables are
much slower to change and are therefore more resistant to being impacted by the COVID-
19 pandemic. Also, because the U.S. Census Bureau only conducts a census once a decade,
the 2020 census has the most recent information on demographic or socioeconomic
statistics from the states.

3.3 State Highway Performance Data, Demographic Information, and SHSP
Characteristics

To support the cluster analysis included in following sections of this thesis, data must be
compiled from multiple sources. As mentioned in the introduction, states are required to
submit reports to be eligible for various federal transportation funding programs. The
FHWA and NHTSA have multiple databases that store the information reported by states.
These databases include state highway information on safety performance, safety
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performance targets and goals, and reports (such as for the SHSP or HSIP report) for each
state. While this list is not exhaustive of the state highway data available on the FHWA’s
and NHTSA’s websites, the information gathered and included in this thesis supports the
analysis explained in following sections.

The data collected was available for all 50 states but was not aggregated. In some cases,
the data was available by state for multiple years. Or, if the data was presented with all 50
states listed, they were available for one year only. This study created tables of safety
performance data for all 50 states over multiple years. The years included were typically
from the ten-year period 2012-2021. The compiled data is then used to support the analysis
in this thesis.

The list below summarizes the sources of data used in this study or data compiled for ready
reference for future studies. It also lists the appendix where the raw data tables are included
in this thesis.

e FHWA Highway Statistics Series
o Appendix A: Annual vehicle miles travelled by state
o Appendix B: Public road length (total, rural, and urban)
e Appendix C: NHTSA State Highway Safety Plans and Annual Reports
o Annual number of roadway fatalities by state
Annual fatality rate by state (fatalities per 100 MVMT)
Annual rural fatality rate by state (fatalities per 100 MVMT)
Annual urban fatality rate by state (fatalities per 100 MVMT)
Annual passenger vehicle occupant fatalities (total, restrained, unrestrained,
unknown)
Annual alcohol-impaired driving fatalities
Annual speeding-related driving fatalities
Annual motorcyclist fatalities
Annual pedestrian fatalities
Annual bicyclist and other cyclist fatalities
o Annual observed seat belt use
e US Census Bureau
o Appendix D: Percent of the state population that lives in urban areas
e FHWA SHSP Report Database
o Appendix E: SHSP emphasis areas by state
o Appendix F: SHSP safety performance goals by state

O O O O

O O O O O

Note that in Appendix C, the safety performance measures from the state Highway Safety
Plan annual reports highlights several performance measures labelled with a (C-#). These
coincide with the core safety performance measures identified by NHTSA, which are listed
in Chapter 1. While not all these safety performance measures were used in this thesis, they
were still included for completeness.
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3.4 Clustering states based on demographic information

Section 2.1 mentions a study by O’Neill and Kyrychenko that discusses the uses and
misuses of motor-vehicle crash death rates when assessing highway-safety performance.
In their analysis, they found that urbanization can explain almost 60% of the variability of
crash rate differences between states. Therefore, this section focuses on clustering states
by their urbanization using a k-means clustering technique. Three different cluster analyses
regarding the urbanization of each state are conducted:

e The percent of the state’s population that lives in urban areas and the 2019 five-
year rolling average of the state’s urban fatality crash rate

e The percent of the state’s total road length that are urban and the 2019 five-year
rolling average of the state’s urban fatality crash rate

e The percent of the state’s total road length that are rural and the 2019 five-year
rolling average of the state’s rural fatality crash rate

The 2019 five-year rolling average was used for the crash rates to help smooth out the
natural fluctuations that happen with crash statistics from year to year.

The k-means cluster analyses were conducted using R Studio. First, the “elbow” method
was used to determine the optimal number of clusters. This method creates a plot that shows
the proposed number of clusters (k) on the x-axis and the total within sum of square for
each corresponding number of clusters on the y-axis. The “elbow”, or inflection point, on
this plot is where the improved reduction of total within sum of squares begins diminishing
at a much lower rate, making the benefit of adding more clusters much less after this point.
Therefore, the optimal number of clusters is at this inflection point in the graph. An
example optimal number of clusters plot is shown below in Figure 6. The optimal number
of k clusters in the example plot is k=3.

Optimal number of clusters

(g} (%] B
L L L

Total Within Sum of Square

sy
L

1 2 3 4 5 6 7 8 9 10
MNumber of clusters k

Figure 6: Optimal number of clusters plot example
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Then, the clusters of states are created using k-means clustering. The example code for the
state’s urban population and the state’s urban fatality rate can be seen below in Figure 7.
The same code was used for the other k-means analyses in this study. The only change is
the input spreadsheet with the unique variable data for each cluster analysis. Appendix A,
B, C, and D are used to create these inputs for the k-means analyses mentioned in this
chapter, as seen in Appendix E Appendix F shows the resulting outputs from the k-means
cluster analyses conducted in chapter 4.

From this code, an optimal number of clusters plot and a cluster plot showing the resulting
clustering groups is produced. The cluster assigned to each state is then exported to
Microsoft Excel to produce a spatial map that color codes the state by their cluster number
from the k-means analysis.

1+ ——-
title: "clustering percent pop urban™
output: word_document
» T {r} »
library(factoextra)
library(cluster)
Tibrary(ClusterR)

- {r} »
dataset_percent_pop_urban=read.csv("C: /Users/toric/Documents/r studio shsp thesis
stuff/percent_pop_urban.csv",

12 row.names="state")

= O Wwoo 0w & w

=

14 #remove any missing values
15 dataset_percent_pop_urban <- na.omit(dataset_percent_pop_urban)

et <- scale(dataset)

=
=l
H H

scale df so the variables have a mean zero and standard deviation one
18 #datas -

20 #elbow method to determine optimal number of k

21 set.seed(123)

22

23 #function to compute total within-cluster sum of square

24 fviz_nbclust(dataset_percent_pop_urban, kmeans, method="wss™)

25 -

26- 7 {r} »
27 #perform k means with optimal number of k clusters and extract info

28 set.seed(123)
29 final <- kmeans(dataset_percent_pop_urban, centers=5, nstart=25)
30 print(final)

32 #create cluster plot with optimal number of clusters
33 kfinal <- kmeans(dataset_percent_pop_urban, centers=5, nstart=25)
34 fviz_cluster(final, data=dataset_percent_pop_urban,

35 stand=FALSE,

36 repel=TRUE,

37 labelsize=10,

38 x1ab="2020 Percent of State Population Living in Urban Areas",
39 ylab="2019 5-year Rolling Average of Urban Fatality Rate"”

40 )

41 o

Figure 7: Example R Studio Code for K-Means Cluster Analysis

3.5 Clustering states based on core safety performance measures

While there are many potential safety performance measures to cluster the states by, just
one was selected for this study to serve as an example of how the safety performance
measure being studied by the state can be used to cluster and evaluate where they are
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compared to other states. This study will cluster the 2019 five-year rolling average percent
of total passenger vehicle occupant fatalities where occupants were unrestrained and the
2019 five-year rolling average of observed seat belt use. Then, depending on what area of
safety a state is focusing on, they can customize the variables and conduct the cluster
analysis to best fit their safety analysis and planning.

R studio is used to determine the optimal number of clusters for these variables and then
to conduct the k-means cluster analysis. Similar code can be found in Figure 7 in Section
3.4. The only change is the input spreadsheet that was used, which contained the unique
data for these two variables. The raw spreadsheet data is found in Appendix E.

3.6  Clustering states based on SHSP characteristics

In this section, the states are sorted and grouped based on two characteristics of their SHSP
documents: the emphasis areas identified, and the safety performance goals set.

3.6.1 SHSP Emphasis Areas

The state emphasis areas are grouped in two different ways. First, as mentioned in Section
3.3, the emphasis areas the states identified in their most recent and available SHSP update
were compiled and aggregated. In this section, the method for sorting and grouping the
emphasis areas into a matrix format is described. Such output creates a helpful visual for
state safety professionals to use when comparing the emphasis areas their state has
identified to other states. To create the emphasis area matrix (as seen in Appendix G), the
states comprise rows and the emphasis areas comprise columns. Each cell reports all the
emphasis areas identified for the state on that row.

Next, the emphasis areas are sorted into groups. Twelve different groups of similar
emphasis areas are created by engineering judgement. Two other emphasis areas did not
fit into groups, so they comprise stand-alone “groups.” These twelve groups are:

e Driver behavior e Post-crash

e Roadway design e Technology

e Vulnerable road users e Education

e Younger & older users e Local Safety

e Other vehicle groups e Licensing

e Reports e Changing road conditions

Some of these groups were created because they included emphasis areas that were of the
same type (for example, the VRU group includes emphasis areas pedestrians, bicycles, and
bicycles & pedestrians). Other groups were created using the Safe Systems Approach
attributes, as defined in Section 1.1. For example, the group of emphasis areas “driver
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behavior” included emphasis areas such as aggressive driving, speed management,
distracted driving, safe road users, etc.

Next, matrix rows and columns are totaled. For the columns, the sum of the total number
of emphasis areas for each state and the sum of the total number of groups for each state
are included. Finally, the rows of the matrix are sorted from greatest to least by the total
number of emphasis areas for each state.

The second way the states’ emphasis areas are clustered is by using a k-means clustering
method for two variables: the total number of emphasis areas identified in the SHSP and
2019 five-year rolling average for the total fatality rate. R studio is used to determine the
optimal number of clusters for these variables and then to conduct the k-means cluster
analysis. Similar code can be found in Figure 7 in Section 3.4. The only change is the
spreadsheet that was used, which contained the unique data for these two variables. The
raw spreadsheet data can be found in Appendix E.

3.6.2 SHSP Goals

Appendix H includes a table of all the safety performance goals extracted from each state’s
SHSP document. This is used to group SH2ySP goals in two different ways: by the type of
performance measure(s) included in the goal and by aggressiveness of the goal. In
Appendix H, the SHSP update year and goals are the only information taken direction from
SHSP documents. A good/fair/poor rating was also given to each state to roughly indicate
how prominent the goal was in the SHSP document. A “good” rating was given if the goal
was clearly labelled, highlighted, or bolded to stand out from the rest of the text, and given
in a heading in the table of contents. A “fair” rating was given if the goal included some
but not all of the criteria listed above. A “poor” rating was given if the goal was not clearly
stated, labelled, or if there was no effort to make it stand out from the surrounding text.

In Appendix H, column with the “type” of goal indicates what safety performance target(s)
the goal is based on. The type of goal for each state is used in this study as both an
organizational and a clustering method. If the type of goal is listed as a “%” this means the
goal is listed as a percent reduction in the performance measure(s). If the type of goal is
listed as a “number” this means the goal is listed as a specific performance measure number
the state would like to achieve (e.g. Prevent serious crashes on Kentucky's highways such
that the annual number of deaths falls at or below 500 by the year 2024). For states that
have “5 safety performance measures” listed as the goal type, this refers to the five core
safety measures identified by the FHWA in their HSIP methodology. The type of goal
labelled “TZD” refers to the Towards Zero Deaths goal identified in the Safe Systems
approach. If the type of goal is labelled “No Date” this means that the state has a goal
Towards Zero Deaths but did not identify the timeline by which they would like to achieve
this goal. The states are clustered into 11, 7, and 5 clusters based on type.
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Finally, in Appendix H the “aggressiveness” of each SHSP goal is reported in terms of the
percent reduction of fatalities over the life of the SHSP plan (5 years). This column in
Appendix H is calculated in this thesis. Each state’s goal aggressiveness is based on percent
reductions of fatalities, even if the state included more than one safety performance
measure goal. The only exception to this is Kansas, which only included a goal that
combined fatal and serious injury crash rate reductions. The calculated “aggressiveness”
of the Kansas goal assumes this reduction is the same for fatal crashes.

States categorized with the goal type “TZD” (Towards Zero Deaths) means the state has a
goal to reach zero roadway fatalities by a target year. To calculate the aggressiveness of
the SHSP goal in terms of percent reduction of fatalities over just the five-year life of the
life of the SHSP document, a 100% reduction is assumed from the first listed SHSP year
in the most recent update to the target date the state set for reaching zero deaths. The percent
annual reduction that would be needed to achieve this goal by the target year was computed.
Then, the percent annual reductions were summed over the life of the SHSP document,
which is five years.

If states have identified a goal to reach zero roadway fatalities but did not specify a target
year for when they want to achieve this, they were categorized with a “No Dates” goal
type. These states were assigned the percent reduction from the least aggressive goal of the
“TZD” category. This was determined to be California, which set a goal for 16.7%
reduction of fatalities over the five-year life of their SHSP document. This assumption was
made because most of the states in the “No Date” category had a goal of reaching zero
roadway deaths but did not have a year listed for when they wanted to achieve this, keeping
actual numerical calculations from being made.

To calculate the aggressiveness of the SHSP goal for states with a “Number of Fatalities”
type, the equation below was used. For the inputs to this equation, the goal listed in each
SHSP document is assumed to be the final five-year rolling average number of fatalities.
The initial five-year rolling average number of fatalities is calculated from the actual annual
number of fatalities reported in the HSP reports. This value is the five year rolling average
from the year before the SHSP document began, then back five years prior. For example,
the initial five-year average number of fatalities for Kentucky’s most recent SHSP
document (2020-2024) is the 2019 five year rolling average, which averages the number
of fatalities for the years 2015-2019.

(final 5 yr avg.number of fatalities) — (initial 5 yr avg.of fatalities)
(initial 5 yr avg.of fatalities)

% reduction =
To calculate the aggressiveness of the SHSP goal for states with a “Number of Fatality

Rate” type, the percent reduction equation above was used, even though in reality fatality
rates may be more challenging to decrease if the annual VMT increases in that state.
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Finally, the states were clustered using a k-means clustering method for two variables: the
aggressiveness of their SHSP goal and the actual net percent change in fatalities for the
years 2015-2019. This five-year data was chosen because it was the most recent data
available that also excluded 2020, where the numbers could have been affected by the
COVID-19 pandemic. R studio was used to determine the optimal number of clusters for
these variables and then to conduct the k-means cluster analysis. Similar code can be found
in Figure 7 in Section 3.4. The only change is the spreadsheet that was used, which
contained the unique data for these two variables. The raw spreadsheet data can be found
in Appendix E.
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CHAPTER 4. DATA AND ANALYSIS

4.1 Clustering states based on demographic information

From the methodology explained in Section 3.4, the following analyses are conducted:

4.1.1 Population living in urban areas and urban fatality rate

The two variables used to cluster the states in this analysis are the percent of the state
population living in an urban area and the 2019 five-year rolling average urban fatality rate.
Figure 8 shows an optimal number of clusters plot. From this plot, the inflection point is at
k=5, which is the optimal number of clusters.

Optimal number of clusters

Total Within Sum of Square
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MNumber of clusters k

Figure 8: Urban population and urban fatality rate elbow test for k number of clusters

Using the number of clusters k=5, a k-means cluster analysis is performed. A cluster plot
is created, as shown in Figure 9. In this cluster plot, clusters 3, 4, and 5 have a higher
percentage of their total state population living in urban areas. Clusters 1 and 2 have a
lower percentage of the total state population living in urban areas. Additionally, cluster 1
has the best safety performance when looking at urban crash fatality rates, followed by
cluster 4. Kentucky is in cluster 2, which has similar percentages of the state population
living in urban areas as cluster 1, but higher urban crash fatality rates. Differences could
be due to culture, demographics, safe strategies being implemented, or other factors. Figure
10 shows the states color coded by the cluster assignment from the k-means test. Cluster 1
is mostly northern, midwestern states. Cluster 2 (Kentucky’s cluster) are typically
geographically close to Kentucky and mostly comprise of southeastern states (except for
Alaska).
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Figure 9: Urban population and urban fatality rate cluster plot

From observing the different clusters for the urban fatality rate and urban population, R
can identify states that have a similar spread of the population living in urban areas but
have a better safety performance when it comes to urban fatality rates. For example,
Virginia, North Carolina, Ohio, and Indiana from Cluster 4 are geographically close to
Kentucky, but consistently record a lower urban fatality rate than Kentucky.

4.1.1. Map of State Cluster Groups

B Cluster One
Cluster Two
B Cluster Three
B Cluster Four

B Cluster Five

Powsered by Bing,
il GeoMames, Micosaft, TamTom

Figure 10: Urban population and urban fatality rate map of state cluster groups

4.1.2 Percent of total road length that is urban and urban fatality rate

The two variables used to cluster the states in this analysis are the 2020 percent of total
road length in the state that is classified as urban and the 2019 five-year rolling average
urban fatality rate. This groups states by how “urban” their transportation systems are and
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by their actual urban fatality rate safety performance. Figure 11 shows the optimal number
of clusters plot. From this plot, the inflection point can be identified as k=3, which is the
optimal number of clusters.

Optimal number of clusters
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Figure 11: Percent of total road length classified as urban and urban fatality rate elbow
test for k number of clusters

A plot displaying the 3 clusters is shown in Figure 12. In this plot, cluster 2 has the lowest
average urban crash fatality rate (i.e. the best safety performance for this safety
performance measure). States in cluster 1 and cluster 2 have similar percentages of total
road length classified as urban roads. Cluster 3 has a much higher percentage of roads
classified as urban. Kentucky falls in in cluster 1, which means the state is in the group
with higher (and therefore “worse”) actual safety performance when looking at urban
fatality rates.
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Figure 12: Percent of total road length classified as urban and urban fatality rate cluster
plot

Figure 13 shows a map where states are color coded by the cluster assignment from the k-
means test. It is interesting to note that cluster 1 is predominantly southern states, while
cluster 2 is predominantly northern states.

4.1.2. Map of State Cluster Groups
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Figure 13: Percent of total road length classified as urban and urban fatality rate map of
state cluster groups

4.1.3 Percent of total road length that is rural and rural fatality rate

This k-means cluster analysis is similar to the analysis conducted in section 4.1.2. The two
variables used to cluster the states in this analysis are the 2020 percent of total road length
in the state that is classified as rural and the 2019 five-year rolling average rural fatality
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rate. This is not necessarily the inverse of the variables used in Section 4.1.2. because this
analysis uses rural fatality rates as the highway safety performance measure. The inflection
point on the optimal number of clusters graph can be seen in Figure 14, which is k=4.

Optimal number of clusters
10.01
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Total Within Sum of Square
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1 2 3 4 5 6 7 8 9 10
Number of clusters k

Figure 14: Percent of total road length classified as rural and rural fatality rate elbow test
for k number of clusters

A cluster plot is shown in Figure 15. In this plot, cluster 1 states have a very small
percentage of their roads that are classified as rural. They also have a very low rural fatality
rate, which makes sense because they do not have many rural roads. Cluster 2 and 3 have
the highest percentage of rural roads in their states, while cluster 2 has better safety
performance with lower rural crash fatality rates. Cluster 3 has slightly higher rural fatality
rates. Finally, cluster 4 has roughly the same amount of rural and urban roads in each of its
states, but states in this cluster consistently have the highest rural fatality rates.

Since Kentucky is in cluster 3, it is in the middle of the pack when looking at rural fatality
rate performance. When looking at just cluster 2 and 3 (which have similar roadway
characteristics distributions), it is in the more under-performing group. This means that our
rural roads are not as safe when it comes to preventing fatal crashes in rural locations as
compared to other states that have approximately the same distribution of rural vs. urban
roads in their state.
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Figure 15: Percent of total road length classified as rural and rural fatality rate cluster plot

Figure 16 shows a map where states are color coded by the cluster assignment from the k-
means test. The clusters and geographical locations follow the same general trend as the
map in Figure 13, where the northern states typically had better safety performance for
both rural and urban fatality rates.

4.1.3.Map of State Cluster Groups

B Cluster One
B Cluster Two
B Cluster Three

B Cluster Four

wered by Bing
D GeoNames, Microsoft, Tom Tom

Figure 16: Percent of total road length classified as rural and rural fatality rate map of
state cluster groups

4.2 Clustering states based on core safety performance measures

From the methodology explained in Section 3.5, the following analysis in 4.2.1. is
conducted. Two related safety performance measures are selected to conduct a k-means
cluster analysis to demonstrate how clustering states solely by their safety performance can
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be used to help compare state highway safety to each other. States that are performing well
for the selected performance measures could be studied more closely to determine other
factors or safety planning strategies that are being used to help them achieve better roadway
safety performance. There are many safety performance measures that could be used to
cluster states. Section 4.2.1. highlights one k-means clustering analysis based on two
selected safety performance measures. States can then use this model to adapt the safety
performance measures selection to assist in understanding data related to their specific
safety goals or SHSP emphasis areas.

4.2.1 Percent of total passenger vehicle occupant fatalities were occupants were
unrestrained and observed seat belt use

The two variables used to cluster the states in this analysis are the percent of unrestrained
passenger vehicle fatalities and percent of observed seat belt usage. The percent of
passenger vehicle fatalities that were unrestrained is the 2019 five-year rolling average of
the number of total passenger vehicle fatalities, and the 2019 five-year rolling average of
the number of unrestrained passenger vehicle fatalities, from the Highway Safety Plan
reports. Then, the two averages were made into a proportion to calculate the percentage of
total passenger vehicle fatalities that were unrestrained. The observed seat belt use was also
the 2019 five-year average of observed seat belt use, recorded as percentages. The
inflection point that determines the optimal number of clusters can be seen in Figure 17 ,
which is determined to be k=3.

Optimal number of clusters
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Figure 17: Percent of unrestrained passenger vehicle fatalities and percent of seat belt
usage elbow test for k number of clusters

Using the number of clusters k=3, a k-means cluster analysis is performed. A cluster plot
is created, as shown in Figure 18. In this cluster plot, there is a loose linear relationship
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between the percent of passenger vehicle fatalities that were unrestrained and the observed
seat belt usage in a state. States that have high percentages of unrestrained passenger
vehicle fatalities are also more likely to observe lower percentages of seat belt usage
(cluster 1). These are the lowest performing states for these two safety performance
measures. Kentucky is in the middle of the safety performance range, located in cluster 2.
States in cluster 3 observed high percentages of seat belt usage in their states and also
recorded lower percentages of unrestrained passenger vehicle fatalities.
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Figure 18: Percent of unrestrained passenger vehicle fatalities and percent of seat belt
usage

Figure 19 shows a map where states are color coded by the cluster assignment from the k-
means test. Cross referencing the map in Section 4.1.1. (Figure 10), the states with higher
percentages of their population living in urban areas also typically saw higher seat belt use
percentages.
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4.2.1. Map of State Cluster Groups
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Figure 19: Percent of unrestrained passenger vehicle fatalities and percent of seat belt
usage map of state cluster groups

4.3  Clustering states based on SHSP characteristics

From the methodology explained in Section 3.6, the following analyses are conducted:

4.3.1 SHSP Emphasis Areas

The first way the states can be clustered is simply by analyzing the matrix of emphasis
areas identified by each state in Appendix G. Most states included at least one emphasis
area in their SHSP from the driver behavior, roadway design, and vulnerable road users
(VRU) category groups of emphasis areas. Minnesota included the largest number of
emphasis areas in their most recent SHSP, which was 20. The smallest total number of
emphasis areas identified by a state was 3, and these states were Alaska, Pennsylvania, and
South Carolina. The average number of total emphasis areas identified by a state was 8
emphasis areas. Kentucky is right under this average, with 6 emphasis areas included in
their most recent SHSP update. This comprehensive list of emphasis areas for each state
could provide a beneficial visual for state roadway safety planners when updating their
SHSP document to see popular emphasis areas that other states have identified. This can
also be helpful for states to think about emerging emphasis areas that come with new
technology in transportation or changing travel behavior.

The second way the states can be clustered is by the k-means analysis, clustering
states by the total number of emphasis areas they identified and by the actual fatality rate
performance. The two variables used to cluster the states in this analysis are the total
number of emphasis areas the state identified in their most recent SHSP document and the
actual 2019 five year rolling average fatality rate. Because each state is on a different
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rotation schedule for the SHSP update, and because data for the years of their most recent
SHSP update may not be available yet, the actual fatality rate from the years 2015-2019
are used for all states to calculate the 2019 five year rolling average. The inflection point
that determines the optimal number of clusters can be seen in Figure 20, which is k=4.

Optimal number of clusters
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Figure 20: SHSP number of emphasis areas and fatality rate elbow test for k number of
clusters

Using the number of clusters k=4, a k-means cluster analysis is performed. A cluster plot
is created, as shown in Figure 22. Cluster 3 has the lowest number of emphasis areas
included in these states” SHSP. Cluster 1 has the second lowest number of emphasis areas.
Kentucky is included in this cluster. Cluster 2 has the second highest number of emphasis
areas, and Cluster 4 has the highest number of emphasis areas. According to this plot, there
is not much correlation between the number of emphasis areas a state has in their SHSP
and the fatality rate of the state. Therefore, according to this plot, roadway safety
performance is not really affected whether a greater number of emphasis (that are more
specific) or a fewer number of emphasis areas (that encompass a larger range of roadway
safety concerns) are used in the SHSP.
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Figure 21: SHSP emphasis areas and actual fatality rate cluster plot

Figure 22 shows a map where states are color coded by the cluster assignment from the k-
means test. There are not any strong geographic patterns when it comes to the cluster the
states have been assigned from the k-means analysis.

4.3.1. Map of State Cluster Groups
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Figure 22: SHSP emphasis areas map of state cluster groups

4.3.2 SHSP Goals

The states are clustered by their SHSP goals two ways in this thesis. The first way states
were clustered by their SHSP goals is by the type of safety performance measure(s). The
list of the SHSP goal for each state can be found in Appendix H. Eleven unique types of
safety performance measures (or combinations of safety performance measures) were used
in the state goals. As mentioned in Section 3.6.2, clustering by 11 groups, 7 groups, and 5
groups are created from engineering judgement to combine the types of goals that were
most similar. The resulting groupings are seen below in Figure 23. From this list, states can
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identify other states that have goals like theirs in terms of safety performance measures
used. The most common type of safety performance measures included in state SHSP goals
were both fatalities and serious injuries, in the form of a percent reduction or a numerical
reduction. Kentucky is included in the cluster for SHSP goals focusing just on reducing
fatalities.

Clustering based upon type of SHSP goal
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Figure 23: Clustering states by type of SHSP goal

Next, a k-means cluster analysis is also used to cluster the states by the goals set in their
SHSP documents. This analysis looks at the relative “aggressiveness” of their goals in a
numerical sense instead of by the type of safety performance measures that are included in
the goal. The two variables used to cluster the states in this analysis are the percent
reduction in crash fatalities over the life of the SHSP document (five years) and the actual
net percent change in crash fatalities over five years. Because each state is on a different
rotation schedule for the SHSP update, and because data for the years of their most recent
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SHSP update may not be available yet, the actual number of crash fatalities from the years
2015-2019 are used for all states. Each year’s number of fatalities is a five-year rolling
average. The inflection point that determines the optimal number of clusters can be seen in

Figure 24, which is k=3.

Optimal number of clusters
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Figure 24: SHSP goals aggressiveness and actual improvement elbow test for k number
of clusters

Using the number of clusters k=3, a k-means cluster analysis is performed. A cluster plot
is created, as shown in Figure 25. In this cluster plot, because we are looking at fatality
reductions, the states on the left side of the plot have set the most “aggressive” goals in
their SHSP. These states are in cluster 3. Kentucky is in this lead group when it comes to
setting ambitious goals aiming to reduce crash fatalities. However, when it comes to actual
reduction in fatalities, only states in cluster 2 have seen an actual overall decrease in their
fatalities for the past several years. Cluster 1 and 3 have actually seen a slight net increase
in actual fatalities recorded.
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Figure 25: SHSP goals aggressiveness and actual improvement cluster plot

Figure 26 shows a map where states are color coded by the cluster assignment from the k-
means test. Geographically, cluster 2, where most states in this cluster have seen a decrease
in fatalities over recent years, are mostly northern states. The exception to this is
Louisianna, Mississippi, and Oklahoma.

4.3.2. Map of State Cluster Groups

B Cluster One
M Cluster Two

M Cluster Three

@ GeoMames, Mioroscft, TomTom

Figure 26: SHSP goal aggressiveness map of state cluster groups
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CHAPTER 5. CONCLUSIONS

5.1 General Conclusions

Researching all fifty states for safety strategy ideas during the SHSP update process could
be very time consuming. Additionally, the safety strategy ideas gathered in such a
nationwide search may not all be useful for comparison states with very different
demographic, cultural, legislation, and/or other factors that affect highway safety
improvement potential. This thesis used statistical analyses to provide clusters of other
states that are likely to be most useful for informing a state as to developing strategies and
emphasis areas to include in SHSP revision. This is intended to narrow down the number
of states to research for successful safety programs, by identifying states that have similar
highway safety improvement potential or similar highway safety planning documents.

5.2 Limitations

A significant limitation to the analysis in this research is the access to the data for all 50
states. While the k-means clustering method described in this thesis can be adapted to
analyze a wide variety of highway safety or SHSP related data, this information must first
be available for all 50 states.

Data for the years 2020-2021 were left out of the analysis to avoid any confounding effects
from the change in transportation safety patterns due to the COVID-19 pandemic. This
analysis was conducted in 2023, so the data used in this thesis is already several years old
and may already be outdated from actual current highway safety trends.

The k-means cluster analysis that is used in this thesis only considers two variables at a
time, when in reality there are a large number of variables that affect highway safety at the
same time. It is difficult to grasp and model the relationship between all the factors that
affect highway safety.

5.3 Recommendations & Suggestions for Future Research

The outputs from the cluster analyses conducted in chapter 4 provide a more specified
group of states to use when comparing highway safety programs. The next step for future
research would be to research successful safety programs being implemented in the states
from the selected cluster.

The cluster chosen to investigate further could be based on states with the same
demographics as the subject state. For example, from the results in Section 4.1.1, more
investigation would be needed in a future study to determine why states in Cluster 1 have
similar urban population demographics as Cluster 2, but consistently have lower urban fatal
crash rates than Cluster 2. It could be useful to compare urban highway safety programs
that may explain different safety performance between the clusters.
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Clusters could also be chosen based on groups with the best highway safety performance.
For example, from the results in Section 4.2.1, states in Cluster 3 consistently recorded a
lower percentage of fatalities for unrestrained vehicle occupants and observed high seat
belt usage. The states in this cluster are therefore considered to have the best safety
performance for occupant protection. Future research in a certain state (i.e. Kentucky)
could look at states in Cluster 3 to find new safety strategy ideas to encourage and increase
seat belt usage in their own state, which would hopefully result in a lower number of
unrestrained passenger fatalities and a lower number of total roadway fatalities.

Finally, comparison states could be based on states” SHSP characteristics, such as emphasis
areas identified. The compiled emphasis area table in Appendix G could be useful when
states consider which emphasis areas, they should include in their next SHSP update.
Specifically, when developing Kentucky’s next SHSP update in 2024, this list can be used
to compare other common emphasis areas identified by other states with the current
emphasis areas in Kentucky’s document. It could also be used to identify new emphasis
areas other states are identifying as transportation safety research continues to evolve or as
new technology is being used in transportation.

For specific highway safety performance measures or state characteristics not included in
the cluster analyses of this thesis, the k-means clustering method can be modified in future
studies to use the data most relevant to a state’s safety planning. Ideas for other data that
could be included in future state clustering analyses are: the percentage of total vehicle
miles that are travelled on rural roads within a state, median or mean income of a state, and
the amount of funding spent on different types of roadway safety projects (such as
engineering improvements for roadways or educational campaigns). Furthermore,
expanding this methodology to cluster the states based on multiple time periods could
identify states that are consistently similar to each other over multiple SHSP updates and
better highlight safety performance trends among states. Finally, conducting a meta-
clustering analysis where more than two variables are used at one time could provide even
more specialized and accurate clustering of states.
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APPENDIX A. ANNUAL VEHICLE MILES TRAVELLED BY STATE

Table 4: Annual Vehicle Miles Travelled by Stated (100 Million VMT), compiled from FHWA Statistics Series

2015 2017

= Total Rursl | Urban Urban Totsl | Rural Total
[Alabama 65,067 | 26,253 38914 41,994 TG ] 29,011 67,921
[Flaska 4857 | 2,126 ; AE 5487|2560 5,306,
[Frizona )] Tl IR 0,07 BE145) TBE00| 55,755
[2 rkan sas 024 864 | 18, 18,70 36,67 7,945 33,018
California 7.520| 268752 | 332,857 | ss.ee0| a1, 289,16 B796] 56480 299,812
Colorado 3043| 31,876 065 07| 35, 37,660 EES 5,216 36,642
Connediot EEE] AR 190|358 mAH 25,35 EEH EE 29,895
Delaware, 570 216 5,596 | 3001 531 7850 T0170) 2507 8,395
Florids 34.505] 156,860 | TOT.090 | 3%,130] 173,852 152,817 FEEE BEEE 0,076
Georgin FET| 72,318 T115%| 28500 85517 54,067 131,456] 31,810 115,067
Hawail 407 543 10,172 77 507 885 10867) 1877 5,785
I daho EH 5,803 6,15 53 ) K T7708] 10,109 17 406,
Minais 6,31| 78167 104,906 | 5,030 80183 82,238 T07,954] 5,376 94,121

2043¢] 49489 79,20¢| @8.3r3| 605m 52,41 1.520| 30,106 76,608

T8,000] 12,497 | I14] 19.258] 13872 13,67 G252] 19,35 | 5,757

T5083] 15450 710 14580] 16389 17,02 2.190| 15,230 7,554

27.348| 19885 94l | a6,133| 23543 22,85 G544 ] 36,587 6,536

20,744 | 26,645 8,257 18,520 29660 30,204 E0.045] 19,798 8374

10255 394 14,3001 0550|4080 4708 T4,764] 10,250 13,086

T4, 336 132| 0369|4714 40,312 50.776] 10,71 0,665

X 400 RS 523 XES R 6,77 305 1127

Wichigan 30,1 354 384 59,116 777 70,734 10236] 31,28 5,547
Minnesots 24,41 502 305 23452 947 35,504 60,436] 24,87 1,619
I 73,745 472 409 | 22,160 70 16,814 40730 23,896 0 665
[Missouri 6,640| 39,863 70908 | 9444 42414 43,440 T6595] 34,510 75,797
Mantana 8,904 962 12,157 | 859 A1 12,395 1 898 TZ700]  8ed 1 12,104
Mebraska T, 055 18,613 | 11,382 M 0,101 pl 50T T0076] 11,668 o, 16,432
W evada 4 15,310 5302 | 5011] 2091 5005|5233 21,555 26,788 5456] 23128 FEEIE] I 2 25,731
Wew Harpshire |5, 081 12,870 166 GE. 13,004 , 358 155 13,513 432 240 13,776 554 13, 11,056
W ew letsey I, 50,674 7485 | 4,835] T0A%|  75,03 546 | 72144| 77,003 = 77530 4967 | 73,00 78,205 6,391
Wew Mexico 14500| 10871 75347 | 15,532 11,803 T A35| 16,015| 11,870| 27,886 16810] 11,006 77286 16,423 71 344 77772 73,756
N ew vVork 6, 55920 9| 123gea| z47e0| wegm| 17, I, 24,994 122,337 | 251 98,317 123510) 5487 | da4u9] 123,980 02,477
Morth caroling |40, B3.867 | 104,060] 0, E4.602| 106.213) 36.064| [1448| 108.072] 27633| T4286] 1 30, 77,455 116,748 | 401 70,008 TIT 27| 4161 B0.867 | 122,475 106,392
Worth Dakota 7, 45| oosl| T 552| 10100) 7eT0| Zedz| 1051|700 7 X . 2,088 735 BT 810 6,556 | 6o 2,650 528 8,768
Ohio 36, 76,231 | 112,715] a3, 70,53 112,767 | 33,306 | 79461 | 112,766 | 33,763] 798 113, 34, 63,768 ] 116,608 ] a5 3 84,256 . X 114474] 35,07 79,672] 114,604 103,115 34,033 78,
OHzhoma T1,705| 26077 | #1512 @, A 47,000) 70,554 | 76545 |  4Tp00| 21,160 265 A 7, TW,176] 49,013 | 2221 77000 | 45402] 72006| 23,337 |  45433) 2207 | 7A6| 44648 35,000) 77,464 | 72,206 |
Gregon 14,531 TE642 F3173| 14,895 76,710 33,706 | 13486 | 21,124 34610 | 14,303 21695 35,009 | 14,572 22147| ab71a| 14547 22,206 36,753 | 14,580 | 49,758| O6,648[ 13,600 72200 35,808 32,296 14,871 FIEE]
Pennsylvania 34,680| 64204 | wmeme| 3530 ©.316| 9866 d@ll| Gaar0| @eged| 3696| Gos00| T00045| 34.900| G6,094| 101362 3m003| Geeti| foieM| 34, G7,792] 102,103 4505 | GA.3ea| 102804 87.982] #.232| 68454
Rhode Istand 841 865 | 7807 0 T 7,776 T [ TETT S I 05| 7022|7027 54| 7008 001 7,055 000 6,663 | 7681 56 006 | 6520
south Carsline | 23451| 25505 | 40,035 23431 | 25%65| 4n0eb| 2263 | 7T205| 49031 | 23610| 28116| &1726| 34,832| 20721 B4ssa| z5e4| 30213| sedor| 28 31,205 | 85,601 26 3,025 | 67,030 53,072) 75,016 | 31,478
f500th Dakota [(XE] 535 5113] 6,42 . il 9122] B3 2,742 G225| 6512 813 a3 6,641 2,866 9507 | B,751 2501 643 B, 3,034 EEl 2,080 0,622 74 067 2,607
[Tennessee T6,211|  420% | T1,167| 27,057 43,130 T7I067) 75376 46060 | 723%| 25467| 51303| T6.670| 74,546 52,338 76,004] 75373 56,080| 62,253] 258 55,420 81,371| %%, 55,708 | 82,802 76, 02| 75,560 | 55,707
[Texas 70,634 | 167,002 | 237,006 75,825| 16G,700| 248,525 67,098 | 175178 | 243,076| B8,009| 109,233 | 258,122] 71,146 | 200,117 | 271,263 | 72892| 200089 | 272,001 | 76,747 | 205,290| 262,047 78,625 | Z0860Z| 286,227 760,562 79,184 | 205844
Utah 05| fa523| e523| 7048 faee| 27008 7a23| 20731 | ZiGed| waer| mafr| zee0e] 6.g FENEE IR 754| 22721 91475 8gi6| 23,154 32069| Bees| =4, 32,911 E¥Eil T FEREIER I
Vermort D B 76| 5,258 e 7a10] 407 085 | 7060|6109 T 74| 62 T3] 738 ¥ ; IEF] RFE] ] I 3 7,36 07| 47 0
Viginia I0716] 51243 | 60,059 30,100| s0667| BO767| 30,197 | &07er | s00es| z3e0z| 68023| r6i5| 387 55,755 84,403 | 28,305 66, 85,363 | 29000| 86327 | 85336] 5362 85,432 7E10] 30,0 50,0
[Prashington 6047|3981 55,762| 150627 | 41564| E7211| 15803 45167 80e0| 16514] 43138] B985 16,5 33,035 el0ie| 1r098] a4, E1420| 17426| 44.040] Gz367] 17407 52,530 S3656) 17,0 40,71
[west viginim_|_11,108 XK 16226 11,210 022|__10,32] 11,17 943 | 10117| o,772| 10104| 16,87] 5,0 557 _10,530| 5,618 ; T5,072] 0,868 ,5T0]__10,447] G810 16,077 T6,054] 6313 7
[Wisconsin 30500| 28487 Ea067 | 30,753 o6,733| 50,486 | 20880 | 28073 50,053 | 32,120 29,954 B2,073| 32,465 31,752| 63,046| 33,200 32128 B5,324 | 33,357 | 32,628| 65685] 43,380 56,346 57,600 33,250 ERES
[Wyomire Gatal e | 927l waae] 2wes| og00] wew| aora| oder] Gesa] aess| oser| el oerel 03] wese] 29w 9705] 7aer| 5052 To4ss| 7ie0 10,208 9500| Ba0z| 259
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APPENDIX B. ROAD LENGTH BY STATE
Table 5: Road Length by State (miles), compiled from FHWA Statistics Series

2012 2013 2014 2015 2006 2017 2018 2019 2020 2021
== Rural | Urban | Total | Rural | Urban | Total | Rural | Urban | Total | Rural | Utban | Total | Rural | Urban | Total | Rural | Urban | Total | Rural | Utban | Total | Rural | Utban | Total | Rural | Urban | Total | Rural | Urban | Total
[Alabama 76,520 | 25,191 | 101,811 | 76,66 | 25,153 | 109,837 | 75,754 | 26 263 | 102,018) 75788 | 25,231 | 102,019 | 74,691 | 27,285 ) 101875| 72405 | 28,692 ] 101,097 | 71,623 | 79,036 | 10062 ] 71,294 | 20,391 | 100685) 70,139 | 30,092 100,171] 70478 | 29,999 | 100,177
[Alska 73,878 | 2,833 | 16,301 | 13,248 | 2,433 | 15680 13,089 | 3640 15728| 13,206 | 2,833 | 16,129| 12710 | 3618| 15528| 13681 | 3,854 | 15536| 13,795 | 3,915| 17050) 14578 367) 17736) 14516 3,165| 17,601| 14569 | 3,132 17,690
[Arizona 41,386 | 23,876 65,262) 40120 | 76,301 | G6441) 39,383 | 26,210 65,503 38,800 | 26,322 | 66,122| 39,686 | 26,399 | B6.035) 40300 | 26,368 | 66568) 40400 | 36381 | Ge7e2] 40391 | 26.6710) 6e001| 40390 | 2a57a| 66.068) 43160 | 31,623 74783
[Arkcansas 80,006 | 13,828 | 100,123 85243 | 16,413 | 101,656 B5.480 | 17,115 102,505] 65481 | 17,128 | 102,609 | 85485 | 17,131 | 102616] 86422 | 17,180 | 102,603 | 86367 | 17,266 | 102622 | 85,321 | 17,294 | 102616) 62,019 | 17,227 | 99246) 62,120 | 17,203 69,332
Calfornia 60,570 | 64,620 | 175,490 | 80,801 | 94,187 | 174,089 | 114,710 | 110,821 | 225,531 | 66,340 | 109,485 | 195,834 | 76,013 | 104,767 | 180,800 | 71,549 | 104,665 | 176,214 | 71,275 | 104,315 | 175,589 | 71,526 | 104,020 | 175,556 72,060 | 102,593 | 176,562 | 74,942 | 102,358 | 177,300
Colorado 68,014 | 19,610 | 98,624| 68873 | 10,092 | ea666) 68271 | 20460 68740| 68271 | 20460 | 98.740| 69268 | 20,670| 9829 | mel20| 20,698 | @sgia| eeie0 | 20815| eaars| eeq71 | 20eae| 8o06a) 68211 | 20096| 00.207) 68,274 | 21.111| 99,385
Connecticut 6220| 15202] 21,431 B261| 15213] 21474 5604] 15615] 21s06| Gees| 15820] 21E12) g 158a2] FEN| 5ol | 15,053 | r1544) 5ot | 15865 | 215a6f Geea | dsoee| 215r7| 5603 | 15882 21.575| 586e | 15607 | 21383
Delaware 3356| 5,021 | 6377|3350 sua4| Bo93] a0i7| 3991| 6a07|  3010| 3406| 64i6| 2094] 3,833 6427 | 2808 3,648 B452| 2835| J626| 6461|2862 | 3647 | 40| 2962| J663| b526| 2885| 5659| 6548
Florida 40,333 | 61,496 | 121,828 | 40441 | 1,647 | 122,088 | 6,509 | 65,803 | 122,397 | 36,469 | 86,170 | 122,659 | 36,440 | 86,296 | 122,736 | 36,461 | 06,360 | 122,846 | 36500 | 86,519 | 123,099 36,395 | 06.710) 123,104 36,457 | 67,000| 123,408 36,424 | 67,228 | 123,652
Georgia 85047 | 40,476 | 126523 77,233 | %1387 | 126620 7790 G0302| 127402) 77768 | 60,6 | 128,134 | 75078 | 52,067 | 128,235 | 76001 | 62,064 | 128,355 | 76148 | 52,248 | 128,307 | 76,205 | 52,256 | 120461 | 76,220 | 52344 | 128572 ) 7a078 | B0.623| 125701
Hawail 2052| 234 | 4416) 18bd| gab| 4430)] 1668 | 772| 4439) Gbe| 27e6| 4dea| 1666|2803 44bo) 1666 | a0 4476|1645 2831 | 4476l 18| 2641|4400 1,658| 2843| 8501| 1663| Zesi| 4515
Idaho 42840 | 5592 | 48492| 42534 | 5,548 48082 43,244 | 66oe| 48802) 45231 | 6632 &1163| 45185| 6,157 | 51,042] 46215| 6,222 | 52437 | 49959 | G308| 5647 ] 45198 | 7.321] 52519) 46217 | 7.064| 53281] 45395 | 8.636] 54,031
|ineis 68,443 | 45,895 | 144,337 | 68,064 | 47,614 | 145,708 G155 | 49606 | 145,761) 06185 | 49,665 | 145,840 | 96,201 | 48,602 | 145892 | 96,200 | 45,736 | 145,536 | 86,319 | 45,756 | 145076 86,167 | 49,780 ) 145067 | 06104 | 49,780 | 145,803 ) G164 | 45,803 | 145,367
indiana 60,442 | 27,047 | 07,288 69,465 | 26,088 | 07,553) G672 | 30,026 06,p0B| 66,356 | 30,214 | 06,571 | 66406 | 30,210 | ©6616) 6685 | 30,005 | 96,780| 66636 | 30,326 | 96062 | 66,573 | a0,333) 06006) B6780 | 30,330| O7,110) 66,266 | 31,861 | 67,827
lovia 103,013 | 11,435 | 114,438 | 101,775 | 12,654 | 114,429 | 101,760 | 12,404 | 114,173 ) 107,068 | 12,473 | 114,842 | 102,145 | 12,586 | 114,741 | 101,089 | 13,648 | 114,637 | 103,098 | 12,727 | 114,745 | 102,017 | 12,792 | 114,803 | 101,699 | 12,840 | 114,636 | 101,099 | 13,879 | 114,878
Kansas 127,673 | 13,041 | 140674 ) 127,048 | 13,630 | 140,687 | 126,884 | 13,602 | 140476 ) 126,780 | 13,674 | 140,664 | 127,819 | 14,227 | 142,047 | 127,820 | 14,036 | 142,064 | 127,816 | 14,385 | 142,200 | 126,204 | 14,168 | 140372 | 126,679 | 14,133 | 140112 | 126456 | 13.726 | 138,181
Kentucky 66,701 | 12,620 | 79,321 | 66,855 | 12,643 | 79,598 64,761 | 14,967 | 79,727| 64,822 | 15,085| 78,857 | 64,877 | 15,004 | 78,842 | 64,568 | 15,086 | 0,054 | 65,027 | 15,153 | 80,180) 65,008 | 14,044 ] 7o.054| 05,060 | 14,837 | B0,006) 64,863 | 14,839 78,802
Louisiana 44,35 | 16,970 | 61,326 44,018 | 17,400 | 61,427 | 44,026 | 17,394 | 61,419) 43,808 | 17,610 | 61,419| 43,801 | 17,600| 61 411| 43801 | 17,610| 61,411 | 43,801 | 17,615| 61416 39,061 | 24,006| 63067 | 41521 | 22,225 | 63,746| 42,575 | 23,943 65918
Maine 10863 | s008| 2281 | 198r3| 008| 2zeea) 19,807 | 3000 22016) 18.@10| 3.001| 22911| 19424| 3.474| 22909 | 19464 | 3.00| Jage0| 19599 | =zie| 22816) 1960 | 31| 22819) 10814 | 3.287| 22.851) 19601 | 3237 | 32,838
Maryland 14393 | 17873 | 32.372| 13453 | 18,870 | a2422) 13461 | 18,522 31.084]| 13461 | 18,676 | 32,037 | 13523 | 18.624| 32147 | 1ah# | 18,640| 32311 | 1346l | feq08| 32268) 13,583 | 18.780) 32373) 13,606 | 18,835 | 32430] 13,443 | 19,083 | 32,607
Wiassachusetts 6,164 | 30,166 | 36,330) 6166| 30,205| 36,370] 6,365 30,00| 36384) 6360 | J0054| 36423] 6809] 30123 36632] 6193 | 0,520 3I6,723| 6,190 | 0,573| I6763) 691 | 30600 36791 | 6168 | an6a7 | 3ee15| 6187 | 30,643 | 36,830
Michigan 66,009 | 36,042 | 122,051 | 84,355 | 37,986 | 122,141 ) 64,355 | 37,929 | 122,264 64,322 | 37,964 | 122,266 | 84163 | 37.9a2) 12315] 84075 | 97,962 ] 122,036 | 84,169 | 37,998 | 122,164 84161 | 39079 ) 122161] 04,003 | 36,037 | 122,040) 63,967 | 3,057 | 122,044
Winnesota 117,031 | 20,003 | 138,832 | 116,560 | 22,208 | 126,767 | 116,624 | 22144 | 138,767 | 116,624 | 23,144 | 138,767 | 116,670 | 22,126 | 138,794 | 117,218 | 22,231 | 199,449 | 117,206 | 32,325 | 130,601 | 116,116 | 23,243 | 141,360 | 118,478 | 23,477 | 141,67 | 118,048 | 23,814 ] 142,862
64,400 | 10,781 | 75,181 | 63,138 | 11,078 | 75,116 63445 | 12,348 75707 63,012 | 12,065| 76,777 | 64070 | 12,057 | 77027 | 64,307 | 13,048 | 77.448| 64413 | 13,064 | 77477 | badin | 13.060) Frder| B4d42 | 13,001 | 7ral2) 6483 | 13,082] 77518
Wissouri 107,926 | 24,062 | 131,978 ) 107,532 | 24,367 | 131,900 | 106954 | 24671 | 191,564 ) 107165 | 24,304 | 131,548 | 107,426 | 24,362 | 131,607 | 107,531 | 24,346 | 131,079 | 107,598 | 24,496 | 132,094 | 107,630 | 24,624 | 132254 | 107,792 | 24,727 | 132519 ] 107,916 | 24.782] 132708
WMontana 71722 | 3193 | 74905) 70767 | 4.146| 74933) 70819 4164 74,863| 70822 | 4166 75007 | 69402| 4,208| 73.610) 69337 | 4,229| 73566 | 69332 | 4,251 | 7as73] 69373 | 4,594] 7aedr| 69218 4271| 73.490) 69252 | 4,317 73,569
Nebraska 87,275 | 6,616 93797| 67,264 | G486 | O3770) 6740 | 6510 03868| 67,336 | 714p| 04461| 87233 | 7.756| ©o4080) Brzed | 7,.er9| @516a| 67239 | G023 | o5262) 67,266 | B.036) os2o0) 07260 | 6.070| 05331) 67317 | 6,081 | 65,307
Nevada 30314 | 5,253 38s67| 31,842 | 6,397 | 40,199) 33981 | Bea4| 42816) 34,763 | 968 | 43,000| 32209 10,283 | 43582] 3e080| 10,154 | 48,334 | 3m170| i00m6| 48466 37,33 | 10395] 47731 | 37364 | 10430] a7793] 36715 | 10477 | arion
Wew Hampshire | 11375 | 4730] 16105] 11065 5032| 16,098) 11,084 | 5047] 1632 11,083 | 5.006]| 16,138] 11,093| 5,004 16,467 | 11,092| 5,084 | 16,156) 11,105 | &065) 16,171] 11,011 | 5074| t16185) 11,116] 50¢7] 16183] 11,129 5.098] 16228
Hew lersey 5884 | 33,388 | 36,72) 6887 | 33406) 30,203] AG70| 33,371 | 30041) G6e4| 33,081 ) 39.065) 6756] 33,316| 30.071) 5443 | 33,452 38896 5,447 | 33,473 | amo18) 5447 | 33,605 | 38,060 5,450 | 33,636 38.091) 5358 | 33,424 | 38,781
New Mesico 60494 | 7,090 | 68,984 33,640 0,131 | 70772) Go062| o400 68452) 60,712 | B,36| 69,069 | 60762| 8,359 | Ba 11| B6106| 11,099] 77206| eb4z8 | 11,177 | 77605] b5 | 11,289] Fiez7| b0798 | 11,294 | 72002) 60907 | 1,212 72,179
Hew Vork 66,201 | 48,508 | 114,700 | 66,306 | 48,523 | 114,726 64,738 | 50,060 | 114,807 | 64,398 | 49,067 | 114,965 | 63,794 | 49,706 | 113,499 | 63,874 | 49,686 | 113,556 | 63,606 | 49,646 | 113,533 | 64,144 | 49,784 | 113,020 64,254 | 49,951 | 114,206 | 64,276 | 60,136 | 114,402
Worth caralina | 68,618 | 37,645 | 106,063 | 68727 | 37,475 | 106,202 64,560 | 40745 ] 106,305| 66500 | 40,832 | 106,334 | 65,630 | 40,091 | 106,622 | 65,691 | 41,284 | 106,876 ) 65,872 | 41,477 | 107,348 66018 | 41,709 | 107628 ) 65088 | 41,065 ) 107,054 | 65031 | 42143 ] 108,074
North Dakata 84920 | 1,972 Bo@51| B4g9ss | 2753| Br07e) Bagez| 2125| 6708s| 65000 2,125 6r128| 84531 | z6en| Braer| B4sie| zer3| ereea| esi52| zmes| sa0s0) G560 | 2eea| Beiee| b5l | 29i6| Bsdeo) 65493 | o9 B8l
Ghio 78,220 | 45,053 | 123,281 | 75,775 | 47,522 | 123,207 | 75,458 | 47,426 | 122,85 75402 | 47,434 | 122,926 | 75501 | 47,463 | 122,874 | 75498 | 47,489 | 122,687 | 75,519 | 47,495 | 123,014 | 75489 | 47,542 | 123,031 | 75,475 | 47,517 | 122,992 74,718 | 48,060 | 122,768
Oklzhoma 66,676 | 16,146 | 112,821 | 96,213 | 17,728 | 112,040 04799 | 17,883 | 112,673 04790 | 17,002 | 112,711| 04824 | 18164 | 112688 | 94467 | 18,298 | 112,806 | 87243 | femsa| 116066) 85722 | 19.016) 114622)] 06,009 | 18,079 | 115,070) 06168 | 15,126 115,203
Gregan 46,300 | 12,872 | 50362 ) 88,302 | 12,026 | 71,2260 BG40 | 14,098 | 734va) GG641 | 14,007 | 73,544 | eosar| 14,037 | 73520) B4za | 15,054 | 76,278 | 64055 | 15211 | 7O266) Bapds | 15199) Fo046| Bigsr | 15134 7eo01) 640l | 15126 79417
Pennsylvania 73,502 | 46,254 | 119,846 | 73,870 | 46,066 | 119,036 73,016 | 46,121 | 120,039 | 72,402 | 47,500 | 120,001 | 72,577 | ar,660 | 120446 | 72759 | 47,762 | 120621 | 72,30 | 48,270 | 120,590 | 72,354 | 48,360 ] 120,714 ] 72,3% | 48,510| 120,845 72,375 | 48,522 | 120,897
Rhode Island 1224| 5256] 6480) 1364| 4742| Gi06] 1398| 4bee] 6027)] 1361 | 4686) 6046] 1,365 aoes| 6052 1,342| 4695| Bo27| 1,959 4654 | GO13) 1,365| 46a9| 6004| 1.063| 4661 | 6,025| 1.363| 4ea1] 6025
South Carclina | 49,876 | 16,368 | 66,244 | 49,606 | 16,626 | 66,232 G7,806 | 18,406 76,301 67681 | 18,560 | 76.250) 56262 | 18605 | 76067 ) £6042 | 2M.a22| 7764 | 65129 | 22863 | 7rooa) 64793 | 24440| Fooad| 54765 | 24425| 7odo0) Ga7es| 24,435 79,200
South Dakota 70462 | 3,074 | B2,536) 79,312 | 3,246 | B2556) 79z | 3,34 | B2576) 78,103 | 3,383 | 62576| 79185 | 3,402| ®ase7| 76163 | 3,421 | 62584 ) To089 | 3,413 | 62500 | 7660 | 3.500) B1geaf ve4w | 3,261 | B1,697) 78010 | 3,270 61,269
[Tennessee 70008 | 25,514 | 95523 70015 25,521 | d5,536) 66,054 | 29,507 | 95,561 64,336 | 31,301 | 95,637 | 64,335| 31,402) 95737] 64,199 | 31,780 | 95986 ) 64,293 | 31,818| 96,116] 64,322 | .645] 96167] 64,327 | 31.895| 96,102] 64,350 | 31,969 96,319
[Texas 313,030 | 66,276 | 313,310 ) 212,918 | 100,310 | 313,278 | 206472 | 108,123 | 313,506 | 205,222 | 108,373 | 313,506 | 205,222 | 108,434 | 313,06 | 205,508 | 108,617 | 314,318 | 205 666 | 108,678 | 314,648 | 205,747 | 108,608 | 315,445 | 206,016 | 110,562 | 316,567 | 207,500 | 114,554 | 322163
Utah 35123 | 10,767 | 45,891 | 35020 | 11,235 | 46,264 | 34,793 | 11,361 | 46,153 35246 | 11,062 | 46,208 | 35043 | 11,726) 46760) 36,15 | 11,475] 46,280) 37543 | 11,370| 48013) 36,324 | 12,285) 46606| 36407 | 12,405 | 48,812) 36,272 | 12,636 45,308
Vermant 72,821 | 1,870 14391 | 13,813 | 1453 | 14,266 12,712 | 1,526 14,238 12791 | 1,462| 14,352| 12754 | 1,499| 14,353 | 13753 | 1,601 | 14,356 15,751 | 1,503 | 14,253) 12,751 | 1,603) f1454) 12750 | 1.498| 14248) 12748 1,500 14,348
Viginia 50179 | 24,413 | 74581 | 60.279| 24,468 | 74748 49414 | 25487 74.801| 27273 | 27.789| 76.061| 48.632| 26,463 | 75006) 480605 | 26.543| 76238 | 48754 | 36614| 75360) 48682 | 267ee| 7aada| 4sner | 26.940| 76627) 48,693 | 26,966 | 76,668
[washington 60,136 | 23,742 | 83,878| 66,806 | 75,542 | G2448) 66473 | 24,944 | 81,417| 66,305 | 24,083 | 80,338 | 56,205 | 24,007 | 80,382 | 56,260 | 24,178 | 0426 | 66,384 | 34,268 | 80,663 ) 66,340 | 24,364 ) 80704 ) 56,503 | 24,510 | 81,022) 64,800 24,627 | 78,427
[West Virginia 33,130 | 5554 | 38,684 | 33,048 | 5,701 | 38,750 33,045 | 6.715| 38,760) 31,627 | 7,143 | 36,770| 32,098 | b,672| 38,770| 32202 | 6,652 | 38,854 | 32,191 | 6,650 | 38850 32,200 | 6677 | 38877| 32206 | 6673| 98879) 32148 | 6,609 | 38,837
[Wisconsin 62123 | 22,071 | 116,086 | 91,667 | 23,608 | 116,146 01,681 | 23,681 | 116,212 01,716 | 23,666 116,372 | 01666 | 23,701 | 115468 91606 | 23,862 ) 116647 | @170 | 22,007 | 116600) @171 | 23.063) 116672 01712 | 29,089 | 116,761) 01,677 | 24,117 | 116,694
[Wyoming 25554 | 262 zeate] zeio4]| zoro| zaoaa) aenar | soes| zsorz] seoio | zoar| zegan] assi3| amia] zedze| sreea]| aee] sodso] zesie | zest| zases] 270 | 2eet ] sooei] 2vteo ]| zem] soost] zrier | zeri] 3o0ss
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APPENDIX C. 2012-2021 NHTSA STATE HSP ANNUAL REPORT DATA
Table 6: 2012 NHTSA HSP Annual Report Data

2012 NHT3A State HSP Annual Report Data

Total Fatallties Fatality Rate Passenger Vehicle Occupant Fatalities Alcoholimpaired | Speeding Reated Motorcycle Fatalities Pedestrian Eicyclist and Other | Observed Seat Belt

State Total(C-] Rural [ Urban [ Unkown | Total (¢-3)] Rural | Urban | Total [Rectrained] Unrectrained {c-)[Unknown] driving fataiities (c-5) | Fatalties{c-6) ITotal {c7)[ Helmebed] Unhelmeked {C-8)[ Unknown] Fatalities {C-10) ) yclist Fatalties {C-11) Use (B-1)
Alzbama 265 510 351 4 133 163 101 42 255 354 23 240 273 a7 &6 10 1 77 a 50
Alacka 53 39 20 ] 1.23 1.7 0.8 33 17 19 3 15 14 El 4 5 0 8 1 83
Arizona 821 375 444 2 1.37 2.2 1.03 470 164 254 52 230 302 141 3] 70 3 122 18 82
Arkansas 560 435 125 0 167 2.38 0.82 402 151 227 24 144 76 72 25 42 5 a7 =] 72
California 2966 1200 1766 0 091 2.09 0.66 1623 1028 496 9 829 954 447 409 32 6 653 129 96
Colorado 74 33 241 0 101 1.56 078 283 124 158 7 134 164 73 1 53 2 76 13 g1
Connecticdt 264 77 126 1 024 193 0.62 165 73 56 36 100 4 48 15 20 3 13 4 27
Delaware 114 57 57 o 1.24 1.52 0.52 61 29 25 7 35 46 17 13 4 0 27 4 88
Florida 2431 873 1555 3 1.27 2.53 0.9 1253 610 530 =) 709 366 452 227 252 13 477 124 87
Georgia 1192 583 503 0 1.11 1.68 0.83 829 394 363 o7 295 180 134 125 8 1 167 17 52
Haw ail 125 56 69 0 1.24 2.33 0.3 56 16 31 El 47 ] 40 12 28 0 26 2 93
Idaho 184 152 32 Q 1.13 1.6 .47 135 59 72 4 52 61 22 12 10 0 13 2 73
lllinois. 956 395 561 0 0.91 15 072 608 286 279 43 322 387 148 29 115 4 138 29 94
Indiana 751 524 257 o 033 178 0.52 513 245 214 55 230 185 152 20 116 [ 55 15 54
lows 365 286 73 ] 1.16 1.5 0.63 256 113 112 25 96 70 53 11 47 1 20 3 52
Kansas 405 326 73 0 1.32 2.16 0.51 295 117 163 15 104 114 43 12 34 2 26 7 80
Kentucky 746 582 164 0 1.58 2.13 0.82 541 231 309 1 1639 151 106 33 3] 0 43 o 34
Louisiana 723 345 378 0 1.54 1.7 142 461 191 240 30 235 211 78 71 4 3 113 24 73
Ivlaine 164 164 0 Q 1.16 1.6 Q 124 49 75 0 50 78 24 10 14 0 9 1 B84
Maryland 511 150 325 3 0.3 1.26 0.77 313 173 113 3 163 202 78 70 g 0 57 5 51
Massachusetts 383 S0 333 ] 0.68 1.97 0.62 224 76 103 45 1239 114 56 44 3 El 82 16 73
M\ch\gan 240 424 S11 S 0.99 1.41 0.79 523 320 224 73 261 251 138 <] 5d 3 130 19 L)
Mirnesota 395 269 126 0 0.69 1.1 0.39 270 129 101 40 114 51 55 11 33 11 38 7 54
Wlississippi 582 407 175 0 151 1.75 1.13 463 167 293 3 151 95 33 34 5 0 48 4 83
Il 550 LI 826 474 350 2 121 1.66 0.88 600 155 394 51 233 326 104 90 El 5 34 =] 73
Mortana 205 191 14 Q 1.72 215 .47 157 42 113 2 89 88 30 9 21 0 8 1 76
Nebraska 21z 161 51 0 L1 134 0.63 161 43 102 16 73 [ 22 20 1 1 15 0 75
Nevada 261 77 134 a 1.08 153 0.35 148 75 3 10 g5 102 43 % 10 7 55 3 91
Mew Hampshire| 108 60 48 ] 0.84 1.03 0.68 70 20 S50 0 32 33 29 10 13 0 8 ] 69
New lersey 583 71 516 2 0.79 1.56 0.74 315 153 150 12 164 157 77 66 3 3 156 14 88
New V1 exi oo 366 2539 106 1 1.43 1.78 0.57 220 95 106 16 57 122 64 22 33 3 61 7 51
New York 1180 618 562 Q 0.96 2.29 .59 629 366 206 57 340 363 170 146 15 9 303 45 50
North Caroling | 1298 301 358 0 124 22 0.62 231 120 354 57 372 441 158 173 3 2 200 27 28
North Dakota 170 146 29 a 163 151 038 131 40 3 2 72 G2 16 4 11 1 7 a g1
Ohig 1121 640 431 ] 0.99 1.75 0.63 751 293 416 77 339 354 162 33 124 0 113 18 82
Oklahoma 703 468 241 0 1.43 2.15 0.52 503 193 282 28 203 213 54 13 63 2 65 S 34
Qregon 337 229 108 0 1.02 1.58 0.58 133 113 [ 13 58 103 51 46 4 1 55 10 57
Pernsylvania 1310 637 613 Q 1.32 2.01 0.95 876 257 498 121 407 614 210 102 102 6 163 16 B84
Rhode [dand G4 10 54 0 052 113 078 43 27 20 2 P 20 g 3 5 0 5 z 7
South Caroling 363 748 115 0 1.76 3.19 0.45 567 217 313 37 348 322 146 43 102 1 123 13 91
South Dakota 133 117 16 0 146 181 0.61 58 30 50 g 44 23 25 ] 21 0 2 o 7
Tennessee 1015 576 439 ] 1.43 2.04 1.02 761 307 393 56 236 157 133 127 El 3 67 k] B84
Texas 3408 16596 1711 1 1.43 2.39 1.02 2228 1093 5930 200 1230 1251 454 181 264 El 432 56 L)
Utah 217 95 122 0 0.82 1.19 0.66 145 55 77 13 32 72 32 20 11 1 28 3 82
Vermont 77 63 14 Q 107 118 Q.75 52 17 34 1 24 33 11 9 2 0 10 Q B84
Nl ginia 776 S00 259 17 0.96 1.68 0.51 548 248 297 3 209 271 85 80 5 0 97 11 78
‘Washirgton 238 271 167 o 077 18 0.42 259 142 3 13 143 162 23 75 ] 1 71 12 37
YWest Virginia 339 261 78 ] 1.76 2.35 0.6 242 75 137 30 94 144 31 17 14 0 31 1 B84
Wisconsin 615 389 226 0 1.04 1.27 0.79 417 177 201 35 202 203 117 27 57 3 45 11 80
Wyarming 123 101 22 0 1.33 1.57 0.77 54 41 S0 3 41 41 12 2 10 0 6 0 77
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Table 7: 2013 NHTSA HSP Annual Report Data

2013 NHTSA State HSP Annual Report Data

Total Fatalities Fatality Rate Passenger Vehicle Occupant Fatalities Alcohol-impaired Speedirg Related Wlotorcycle Fatalities Pedestrian Bicyclist and Other | Observed Seat Belt

State Total {C-1}]  Rural Urban ur\anr\ Total (c-a_u Rural Urban Total | Restrained| Unrestrained {c-4) ur\k_nwr\ driving fatalities {C-5) Fatalities (C-6) | Total {c-7)| Helmeted] Unhelmeted (C-8} unﬁr\nwn Fatalities {C-10) | Cyclist Fatalities {C-11}| Use (B-1)
Alabama 853 5632 285 & 131 1.85 0.82 666 271 369 26 259 253 80 78 1 1 59 [ 37
Alaska 51 33 18 0 1.05 1.42 0.71 27 13 12 2 16 22 E] 7 2 o 3 1 36
Arizona 545 337 509 3 1.4 237 L1 451 174 228 43 221 253 151 [ 23 4 151 31 35
Arkansas 498 367 131 0 143 2.28 075 352 144 176 32 121 73 63 0 40 3 a5 4 77
California 3107 1201 1906 ] 0.54 232 0.69 1657 1014 516 127 820 992 453 417 35 11 734 147 57
Colarado 482 244 238 [} 103 164 0.74 317 124 177 16 140 151 87 31 55 1 50 12 52
Connecticut 286 130 156 0 0.52 241 0.58 187 32 75 30 126 76 57 24 22 11 37 3 37
Delaware 95 51 48 0 106 167 0.77 50 26 FE] 1 38 37 20 13 7 o 25 1 92
Florida 2403 965 1434 0 125 2.79 0.51 1217 600 553 4 672 346 485 239 237 E] 455 133 37
Georgia 1180 557 621 2 1.08 2.18 0.74 812 350 377 85 296 197 116 107 5 4 176 PE] 36
Hawaii 102 a0 62 0 101 2.23 0.75 42 15 PE] 4 34 45 2 10 19 ] 23 2 94
Idaha 214 175 39 0 134 1.38 0.58 160 54 98 3 57 50 25 12 12 1 14 3 82
Illinois 551 411 580 o 0.54 1.62 0.73 651 308 287 56 330 421 152 35 113 4 124 30 94
Indiana 784 535 243 0 1 183 0.51 545 273 202 &4 199 218 115 19 82 14 76 14 92
lowa 317 256 61 0 1 141 0.45 237 108 102 7 101 51 41 10 31 ] 20 3 52
Kansas 350 271 79 0 116 1.87 0.5 265 103 146 16 98 111 35 15 13 2 25 & 31
Kentucky 638 494 144 0 1.36 1.82 073 465 220 245 o 166 125 87 28 53 o 55 3 85
Louisiana 703 3432 361 o 147 1.73 129 476 157 248 3l 232 153 86 [ 18 Fl a7 14 33
Maine 144 140 4 0 1.02 137 0.1 111 55 55 1 a1 50 14 1 13 a 11 4 83
Wiaryland 465 167 235 3 0.82 158 0.64 279 153 108 18 137 148 62 56 5 1 108 3 31
Iiassachusetts | 351 50 300 1 0.62 153 0.56 218 64 100 54 125 83 42 33 5 4 79 3 75
Michigan 947 425 516 2 1 153 0.77 601 EPE] 183 83 245 255 138 &4 &7 7 148 27 93
Minnesota 387 256 131 0 0.68 1.1 0.35 255 145 &0 30 5 &4 61 16 34 11 32 & 95
Mississippi 613 515 a4 o 158 2.35 0.56 455 201 284 4 207 126 35 35 4 o 53 3 74
Wlisza uiri 757 459 238 0 1.09 161 073 559 192 325 42 244 308 74 [ 7 1 73 4 30
Wortana 229 224 5 0 13 2.68 0.14 161 50 108 3 a3 76 35 12 22 1 24 1 74
Nebraska 211 170 41 0 1.09 1.51 051 169 14 105 20 &0 33 14 12 1 1 12 0 79
Nevada 266 82 184 0 1.08 164 0.54 125 58 57 10 81 50 53 50 7 2 &5 7 35
NewHarmpshire] 135 87 48 0 1.05 172 0.61 91 35 56 o a5 66 24 7 17 o 12 4 73
Hew Jersey 542 73 463 0 0.73 174 0.66 329 174 141 14 148 118 56 51 2 3 129 14 51
New Mexico 311 215 96 0 1.24 15 0.3 189 72 96 21 98 122 41 13 20 g 43 4 32
New York 1202 630 572 0 0.97 2.35 0.59 616 333 186 91 369 359 170 147 16 7 338 40 31
North Carolina | 1250 861 426 3 123 212 0.66 872 454 355 [E] 368 413 189 170 17 Fl 174 22 39
North Dakata 148 138 10 0 147 134 0.39 112 28 [ 18 61 53 3 5 3 1 1 1 78
Ohia 989 513 471 5 0.88 154 0.59 639 288 352 53 66 273 132 43 57 ] 85 13 85
Oklzhama 678 443 729 0 141 2.18 0.84 474 200 248 6 170 174 92 15 77 [} 58 13 84
Or 313 199 114 0 0.53 133 0.61 216 138 54 24 103 55 34 32 2 o a8 3 98
Pennsylvania 1210 625 551 0 123 178 0.52 801 282 421 E 360 552 182 &4 E 4 147 11 34
Rhade ISand 65 5 60 o 0.84 0.55 0.57 37 17 19 1 23 17 11 5 3 o 14 3 36
South Carolina 767 614 153 [ 157 2.62 0.6 488 214 242 32 339 305 143 43 106 [ 100 15 92
South Dakota 135 118 17 o 148 1.84 0.63 100 32 [ 7 a1 38 22 7 15 o 3 o [
Tennessee 935 534 461 0 1.4 1.51 1.07 719 295 349 75 284 239 138 126 12 0 80 3 85
Texas 3389 1663 1726 0 139 2.19 102 2210 1106 307 157 1327 1181 453 188 280 25 480 48 30
Utah 220 107 113 0 0.81 1.48 0.57 140 70 57 13 37 75 31 12 19 o 28 & 82
vermont [ 58 11 0 0.97 L1 059 51 28 71 F] 19 18 7 5 2 ] 5 ] 85
Viginia 740 473 260 7 0.32 1.57 051 549 248 300 1 263 132 73 76 3 o 75 g 30
\Washirgton 436 224 212 0 0.76 1.43 051 287 164 83 34 151 184 73 [ 4 1 43 11 35
West Virginia 332 241 ER 0 173 2.15 113 247 35 113 35 o1 130 24 16 8 o 25 o 32
Wiscansin 543 359 181 3 0.91 117 0.63 376 158 186 32 177 178 85 1 62 2 37 10 82
Wyoring 87 72 15 0 0.53 112 052 [ 20 41 5 25 40 3 4 5 [ 4 [ 52
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Table 8: 2014 NHTSA HSP Annual Report Data

2014 NHTSA State HSP Annual Report Data

Total Fatalities Fatality Rate Passenger Wehicle Occupant Fatalities Alcohol-impaired Speedirg-Related Wotarcycle Fatalties Pedestrian Bicyclist and Other | Obsenved Seat Belt

State Total (C-1)|  Rural Urban | Unknown| Total (C—gﬂ Rural Urban Total Restramedl Unresrained {C-4) | Unknown] driving fatalities (C-5) Fatalities (C-6) | Total {C-7}| Helmeted| Unhelmeted {C-8) Unknown Fatalities (C-10) f cyclist Fatalities {C-11) Use {B-1)
Alabama 820 544 274 2 1.25 1.57 0.72 618 240 351 27 265 237 [ 53 10 2 36 9 36
Alaska 7 42 31 0 15 2.08 103 42 12 21 El 22 18 8 5 3 0 14 3 88
Arizona 773 289 452 2 1.23 136 102 392 140 208 44 200 255 130 56 63 5 142 3 87
Arkansas 470 357 113 0 138 2.17 0.64 348 151 167 30 136 56 61 24 36 1 37 7 74
California 3102 1170 1931 1 0.93 2.23 0.69 1631 1000 479 152 876 995 522 431 24 7 709 129 a7
Colorado 488 228 260 o 1 1.58 0.75 308 140 156 12 160 168 54 33 61 0 63 10 82
Connecticut 248 &0 188 0 0.8 1.92 0.67 136 50 48 33 97 63 55 20 32 3 47 4 85
Delaware 124 64 60 0 1.29 2.23 0.89 73 46 5 2 52 45 15 7 7 1 26 3 52
Florida 2454 634 1860 0 1.24 1,99 L1 1207 640 511 56 634 245 478 240 223 15 588 139 89
Georgia 1164 462 702 0 1.04 179 0.52 795 376 363 56 279 213 137 124 ] 5 163 13 s7
Haweaii a5 30 65 0 0.93 175 0.77 38 15 18 S 30 36 5 12 12 1 24 4 94
Idaho 186 151 35 0 1.15 161 0.52 130 61 68 1 53 48 5 E] 15 1 13 ] 80
Illinais 524 417 506 1 0.88 1.69 0.63 621 320 246 55 302 349 115 34 81 3 123 27 94
Indiana 745 472 273 0 0.94 161 0.55 436 235 190 71 160 204 124 26 83 3 78 12 S0
lowa 322 255 67 0 1.03 138 0.52 220 105 85 22 91 45 52 15 37 0 15 4 93
Kansas 385 238 37 0 1.25 2.01 0.55 296 128 150 18 108 109 48 18 28 2 23 7 86
Kentucky 672 517 155 0 14 2.01 0.7 498 213 285 0 171 125 &6 38 48 0 57 4 86
Louisana 740 389 351 [ 153 1.94 124 503 171 284 48 247 204 83 67 10 3 105 13 84
Waine 131 118 13 0 0.92 114 0.33 104 63 41 0 37 33 11 7 4 0 ] 2 85
Waryland 442 143 293 0 0.78 1.47 0.63 255 134 98 23 130 134 [E] 58 8 3 101 5 92
IMassachusetts 354 37 317 0 0.62 1.42 0.58 218 67 113 38 143 85 47 35 4 4 74 B 77
Michigan a01 378 522 1 0.93 1.33 0.78 585 305 196 84 212 235 112 50 52 10 143 22 93
Mirnesata 361 %62 33 0 0.63 112 0.29 270 156 93 21 108 111 46 E] 3 8 15 5 35
Wississippi 607 551 56 0 154 2.45 0.33 475 192 279 ] 172 96 41 34 & 1 53 & 78
Missouri 766 471 295 0 1.08 162 0.7 556 198 312 46 205 267 a1 79 7 5 65 5 79
Wortana 192 175 14 0 158 2.11 0.38 145 40 EE] 3 73 52 FE] 10 12 1 10 Fl 74
Webraska 225 177 18 0 1.15 155 0.59 183 57 95 31 60 43 0 18 1 1 ] ] 79
Hevada 251 91 200 0 1.15 1.88 0.58 145 69 5 11 93 100 63 52 g 3 71 g 94
New Harmpshire 95 a8 47 0 0.73 0.34 0.6 58 13 45 0 29 47 17 3 14 0 12 3 70
Wew Jersey 556 78 475 3 0.74 LE6 0.65 254 157 119 18 161 EE] 62 52 5 5 168 11 885
Wew Mexico 386 248 133 5 1.52 173 1.21 231 106 98 27 117 132 46 3 35 2 75 5 9z
Hew Yark 1041 350 651 0 0.84 155 0.65 540 328 155 56 312 322 145 124 21 3 264 46 91
Warth Caralina | 1284 838 388 0 1.19 2.45 0.54 365 471 360 34 363 497 190 175 15 0 172 19 91
North Dakota 135 116 13 0 1.28 147 0.72 105 23 71 5 55 50 10 1 ] 0 ] 3 81
Ohio 1006 438 506 4 0.39 1.43 0.64 732 295 374 ] 302 274 136 42 91 3 87 11 85
Oklaharna 665 468 201 0 1.4 2.24 0.75 500 205 258 33 156 152 57 13 44 0 50 4 86
Or 357 237 120 0 1.03 176 0.57 232 137 61 34 95 105 46 a1 4 1 57 7 98
Pernsylvania 1195 610 585 0 12 17 0.91 768 288 371 103 349 503 185 75 100 10 161 13 84
Rhode Idand 51 & 15 0 0.66 0.68 0.66 24 14 10 0 17 13 10 3 7 0 14 0 87
south Caralina 823 570 253 [ 1.65 2.52 0.93 567 268 275 24 331 307 121 24 96 1 107 14 20
Sauth Dakota 136 115 21 o 1.47 1.79 0.75 102 29 [E] 4 a4 30 17 5 11 1 E] Fl [
Tennessee 963 454 503 0 1.33 179 108 698 296 355 47 273 220 120 103 10 1 86 5 88
Texas 3536 1730 1750 3 1.45 2.62 1 2358 1224 973 201 1446 1277 451 201 234 16 479 50 91
Utah 256 125 131 0 0.93 171 0.65 156 30 71 5 57 50 45 19 % 0 32 9 83
ermont 44 37 7 0 0.62 0.74 0.34 27 11 14 2 3 15 7 3 1 0 5 o 84
Virginia 703 448 247 8 0.57 148 0.49 476 223 250 3 216 93 50 39 1 0 38 12 77
washington 462 214 246 2 0.8 135 0.58 257 165 107 21 132 162 [E] &5 o 0 75 7 95
\West Virginia 272 205 67 0 1.42 1.83 0.34 202 71 93 38 34 [ 26 17 7 2 13 2 88
\Wiscansin 506 33s 167 1 0.84 103 0.57 362 153 161 42 165 168 73 20 51 2 45 4 85
Wyomirg 150 121 23 0 1.53 1.35 0.39 118 18 a7 3 18 48 16 3 10 0 5 5 79
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Table 9: 2015 NHTSA HSP Annual Report Data

2015 NHTSA State HSP Annual Report Data

Total Fatalities Fatality Rate Passenger Vehicle Occupant Fatalities Aleohol-impaired Speeding-Related Motoreycle Fatalities Pedesrian Bicyclist and Other Observed Seat Belt

State Total {C-1))  Rural Urban | Unknown| Total (C-3}]  Rural Urban Total | Restrained| Unrestrained {C-4) | Unknown] driving fatalities {C-5) Fatalities (C-5) | Total {C-7}| Helmeted] Unhelmeted {C-8) | Unknown| Fatalities (C-10) § Cyclist Fatalities (C-11)| Use {B-1)
Alabama 350 530 260 Q 1.26 2.09 0.67 648 252 355 41 244 236 67 57 E) 1 98 £l 93
Alaska 65 33 31 1 1.29 155 106 37 14 15 8 22 22 11 6 4 1 12 0 33
Arizona 337 343 550 4 1.35 2.2 111 495 188 256 51 267 315 137 58 74 5 155 23 37
Arkansas 550 387 163 Q 1.58 2.29 0.9 389 158 196 35 153 92 80 30 48 2 44 3 78
California 3387 1404 1982 1 1.01 2.62 0.7 1849 1119 568 162 502 1032 434 464 23 7 819 136 97
Colorado 547 260 285 2 1.05 1.77 0.8 347 148 158 11 151 217 106 33 67 0 53 13 35
Connecticut 270 46 221 3 0.85 146 0.78 155 68 68 19 100 77 55 20 33 2 46 3 85
Delaware 131 62 63 Q 1.32 2.07 1 63 33 33 3 33 3D 13 13 [ Q 36 3 30
Florica 2938 559 1972 107 1.42 2.59 113 1462 730 602 30 734 220 615 316 233 16 629 150 39
Georgia 1432 565 867 Q 1.21 1.98 0.97 1008 438 411 109 358 268 152 138 10 4 194 23 97
Hawraii 93 13 30 a 0.9 0.73 0.54 37 11 15 11 37 41 26 10 16 0 25 2 93
Idahn 216 178 38 a 13 1.87 0.53 163 63 34 6 71 43 28 10 15 0 3 0 31
lllinois 995 413 573 a 0.95 1.67 0.72 642 302 254 86 309 377 147 41 105 1 150 26 95
Indiana 317 521 256 a 1.04 1.85 0.53 571 277 221 73 170 233 108 17 79 12 Els 12 92
lowa 320 230 0 Q 0.96 1.19 0.65 236 123 101 12 78 49 41 9 31 1 25 5 93
Kansas 355 276 73 Q 1.13 1.54 0.48 256 114 127 15 52 125 44 15 25 1 24 3 32
Kentucky 761 593 168 a 1.56 2.27 0.75 558 243 305 1 192 140 91 30 61 a 67 7 37
Laligana 752 368 377 7 1.56 1.99 127 456 189 262 45 244 171 91 73 12 1 106 34 36
Ivlaine 156 130 26 Q 1.07 1.23 0.64 101 45 53 0 20 60 32 3 24 Qa 13 0 36
W aryland 520 125 378 17 0.9 1.21 0.8 317 150 37 40 1539 124 75 63 [ 0 57 11 93
Massachusetts 344 22 321 1 0.55 0.78 0.57 187 51 =3 43 105 92 56 47 7 2 73 12 74
Michigan 367 534 425 5 0.93 1.83 0.62 588 316 190 32 266 264 141 75 57 El 166 =3 93
Minnesota 411 274 135 2 0.72 1.17 0.4 280 156 85 33 115 34 61 13 38 5 33 10 34
Mississippi G677 553 118 o] 1.7 2.52 0.67 546 236 303 1 171 96 37 29 2 0 63 5 20
fvlissouri 370 437 372 1 1.21 1.69 0.83 621 217 356 43 221 209 37 36 7 4 104 El 30
Montana 224 200 24 Q 1.81 2.34 0.63 170 47 114 9 76 91 24 5 15 1 14 1 77
Nebraska 246 173 73 Q 1.22 1.52 0.84 136 47 118 21 64 37 25 15 4 3 13 4 a0
Nevada 326 108 214 4 1.26 2.16 1.02 177 91 72 14 99 112 55 41 11 3 56 10 92
New Harrpshire 114 66 48 Q 0.87 1.28 0.61 74 27 A7 Q 32 56 26 10 16 [ 3 3 70
New lersey 561 67 430 4 0.74 1.39 0.59 303 176 116 11 107 128 50 43 7 0 170 15 91
Mew Vexica 298 176 113 3 1.09 1.13 1 182 70 B3 24 3 130 38 19 15 1 54 7 93
New ¥iork 1136 455 631 Q 0.3 1.84 0.7 572 320 173 79 315 347 163 145 15 3 311 36 92
North Carolina 1379 910 468 1 1.23 2.42 0.63 945 501 402 45 339 547 152 176 14 2 152 23 30
North Dakota 131 122 9 Q 131 1.67 0.33 100 29 63 5 51 43 3 5 3 0 7 1 30
Ohio 1110 432 G610 B 0.98 1.46 0.76 745 291 335 ] 309 207 168 55 112 1 116 25 24
Oklahorma 645 331 254 Q 1.35 1.85 0.56 442 196 218 il 170 171 83 26 62 1 70 [ 85
Qregon 446 282 163 1 1.24 1.97 0.75 289 163 52 33 154 119 61 57 3 1 69 E 36
Pennsylvania 1200 616 581 3 1.19 1.74 0.89 734 271 402 111 363 540 173 57 33 2 151 16 83
Rhode Idand 45 7 38 a 057 0.73 0.55 27 10 16 1 19 20 El 5 4 a & 0 87
south Caroling 979 555 424 0 1.89 2.35 151 618 280 305 30 306 366 125 54 131 0 123 16 92
South Dakota 134 114 20 o] 1.44 1.75 0.71 94 27 G0 7 44 31 31 El 22 0 &6 1 74
Tennesee 962 482 478 2 1.25 1.89 0.53 G5 306 332 50 253 189 123 109 12 2 104 10 &6
Texas 3582 1622 1948 12 1.33 2.35 1.03 2365 1285 273 205 1352 1125 452 205 236 11 543 52 91
Utah 278 127 151 Q 0.94 1.53 0.71 175 85 52 3 46 64 36 15 18 3 47 5 a7
Viermont 57 45 El Q 0.78 0.52 0.43 34 14 17 3 15 21 11 11 0 Q 5 4 85
Virginia 754 434 263 1 0.91 2.05 0.46 554 250 301 3 205 105 73 75 3 1 77 15 51
Washirgton 551 261 287 3 0.92 1.58 0.67 358 201 112 45 145 157 75 71 4 a 34 14 95
West Virginia 268 1590 78 Q 1.35 1895 0.77 192 72 93 21 72 66 32 25 7 Q 13 1 83
Wi szonsin 566 360 205 1 0.91 112 0.65 3585 176 167 45 185 167 31 15 65 1 57 15 86
Wyoming 145 119 24 2 1.51 179 0.81 107 26 79 2 55 46 24 7 17 0 5 0 &0
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Table 10: 2016 NHTSA HSP Annual Report Data

2016 NHTSA State HSP Annual Report Data

Total Fatalities Fatality Rate Passenger Vehicle Occupant Fatalities Alcohol-impaired Speedirg-Related Motorcycle Fatalities Pedestrian Bicydlist and Cther | Observed Seat Belt
State [Total (C-1) |Rural |Urban Unknown fTotal (C-3) [Rural Urban [Total Restrained JUnrestrained (C-4) JUnknown ] driving fatalities {C-5) Fatalities (C-6)  JTotal (C-7) He\metedlunhelmeted (C-8) [Unknown | Fatalities (C-10} | Cyclist Fatalities {C-11} Use(B-1)
Alzbarna 1053 SUEI 230 0] 1.56) 2.76 0.7] 750 256 423 [=¢ 295 329 112 101 11 0) 120 E X
Alaska 34 53 30 1) 1.6 2.37] 0.99] 55 17| 37] 4] 31 36} 6| 4 2 0] 12| 1) EE
Arizona 952 335' 612 E 1.45) 2.13 1.27] 511 205] 246 &0f 244 325] 146 55| 86| E 136 31 23]
Arkansas 561 36ﬂ 135] 0f 157, 2.12] 1050 395 167| 196 3_5| 130 Nk | 32| PE] | EE] 0] 43 3 7§I
California 3337 1553] 2244 0f 1.13 3.01 0.78} 2030] 12658| 611 151 1114 115 576 533 28| 15] 933 155 Ex
Colorado 608 266 342 0] 1.17) 174 0.93] 360 166| 184 10' 163 211 125] 42] 52| 1] 79 16f 84'
Connecticut 304 37 261 £ 0.96] 1.17 0.52} 174 73] 65 Sﬂ 114 2] 52| 14 36| 2) 59 = Sj
Delaware 119 69 50 0] 1.17) 2.3] 0.7] 73] 36| 31 6 37 39 14] 9 4 1] 27 p N
Florida 3176 570, 2275 31 1.47) 2.45 1.26] 1694] 859 740 65 S01 310 586 288 283 15) 653 139] S0f
Genorgia 1556 603, 953 0] 1.27) 2.01 1.03] 1047] 44 472 S 375 2658 172 154 El | 232 PE| X
Hawve aii 120 25] 94| 1 1.13) 1.37 1.07] 63] 22| 22, 19} 37 54 24 9 15 0) 29 0] 95|
| daho 253 134 47| 12} 1.47) 1.96 0.64} 131 &7] 114 10} 75 54 22| 7 14 1 17 6 EE
Ilinois 1078 437, 639 pi 1 171 0.73} 702, 355) 268 79 335) 419 154] 37 116 1 147 20| 93]
| ndiana 523 543 285 1 1 167 0.56} 580 258 251 71 212 213 101] 24 72| ) 87 19 Er
| owa 402 306 El 0f 1.21 1.56] 0.7] 290] 153 109 23] 108 94} 60| 13| 47 0] 22| g EL
Kansas 423 322 105 2| 1.34 2.12 0.62 310 142] 145 20§ 95 107] 52| 21 30| 1 41 E 7]
Kentucky 334 607 226 1} 1.69 2.3 0.55] 583] 270] 313] 0f 177 133) 1114 35 76 0) 31| E 27)
Louisiana 757 368 335 4 1.54) 1.54 1.27] 486 211 225 50| 228 173 EL 20| 11 3 127 22| 23]
Iaine 160] 123) 28| 3 1.08 1.29] 0.58] 120 57| 60| 3 63| I | 15| 9 12| 0] 17| 4 L |
Maryland 522 108 408 6 0.33] 1.01 0.84} 290 150 112 23] 143 137) 76| 63| 12) 1] 108 16| M
Massachusetts 387 17 370 0] 0.63] 0.49 0.63] 244 71 113 &0] 144 12g 44| 39 3 2) 78 10] 78]
Michigan 1085 424 635 £ 1.07) 1.42 0.51) 564 356 193] 110] 247 245] 152 63| 78| 11 163 35 S5
MWinnesota 392 232 159 1 0.66] 0.86 0.45} 251 144] 74 33 95 9 56| 17 36| 3 58 7] EE
Mlississippi 637 533 154 0] 1.69) 2.38 0.56) 541 244] 2596 1 134 31 50| 39 7 4 58 E 78|
MWlissouri 347 553] 334 0] 1.2% 1.82 0.9] 566 236 383 471 248) 5| 128] 109 15 4 36 E 31
Montana 130 170 13 1 1.51) 1.95 0.49) 145 47] 93 E 34 17] 5 12 0) 11 3 76|
Nebraska 218 166 52| 0] l.DSI 1.46 0.56} 165) 61 83 21 61 20| 9 3 ) 12 1 83
Nevada 329 104 222 E 1.23 1.99 1.02' 153 69 72, 12) 102 74 59 12 3 30, 6] 23
New Harmpshire 136 75] 61 0] 1.01 1.4 0.75) E 25| 69 ] 40 19] 11 8 0) 17 2] 70|
Mew Jersey 602 56| 512 4] 0.78' 1.74 O.7ll 336 178 147, 11} 134 71 64 3 4 163 18] EE
N ew Wexicd 405] 229 172 4] 1.45 1.4E| 1.45' 266 117] 136 13) 119 47| 25] 22| 0) 74 4] 52
New York 1041 463 578 0] 0.55] 1.85 0.59} 518 293 151 74 296 136 121 El €] 307 EE| Er
North Carolina 1450 502 543 £ 1.24 3| 0.7] EEL] 524 430] 42| 428| 185 163] 14| 3 200 17| 52|
North Dakota 113 106] 7 0] 1.16 0.24} 77 21] 45, E 52, 12] 2 10 0) 7 E a3
Chig 1132 508 614 10] 0.95 0.73] 745] 327 352| 99 331 139] 53 145] 1] 134] 18] 34}
Oklahoma 637 426 260 j 1.4] 0.56} 470 201 226 43 186 58| 25| 52| 1] 33 E 27
Oregon 435| 303 133] 0f 1.36 0.55) 342| 138 2] §| 152 55| 48 4 5] 71 10} Eld
Pennsylvania 1188 547 541 0f 1.17) 0.81) 756 245 400 107 342 191 £7) 97| 7| 170 16| 85§
Rhode Isand 51 10 41 0] 0.64] . 0.58] 30| 144 15 ll 13 4 0 4 0) 14 p =8
Eluth Carolina 1020 513 407 0] 1.37) 2.47 1.37] £33 iﬁl 315 Sd Sdﬂ 136 52| 134 0| 144 22' 54
South Dakota 116 108 13| 0] 1.22) 1.55 0.45} 81 20] 58| E 46 22| 6 15 1] 6 0] 74
Tennessee 1037 465 568 4] 1.35 1.83 1.09] 732 347 337 48] 227 147 133 13 1 37 BI 29
Texas 37597 1550} 2205 pi 1.4] 2.2% 1.1 2377 1234 929 214 1481 107¢) 435 als) | 267 12) 675 ﬁj 52
Utah 281 121 160 0] 0.39] 1.46 0.69} 170 2] 74 14} 53 72 41 18 21 2 35 E 8]
Vermont 62| 52| 10] 0] 0.54] U.SSI 0.47] 45] 24] 20 1 25 29 11] El 2 0) 4 1 50§
Virginia 760 477 281 pi 0.9] I.EI 0.5) 513 215 296 pi PrE | 257] 79 75] 4 0) 122 10} 79
washington 536 240 2395 1 0.58] 141 0.67] 332 179] 110 471 156 154 514 77] 2 2) 83 17] EE
Wedt Vinginia 263 169) 93 1) 1.38 1.69' 1.04} 186 73 20| 33) 63| &0} 29 13| 10| 0] 24 1) 27)
Wi s onsin €07 406 194 7] 0.95] 1.ZE| 0.61) 423 204 183 42 199 212 55| 17 €5 3 51 114 )
Wy ming 112] BTI 21 0f 1.2 1.41] 0.73] 71 214 43| 2] 34 28] Eﬂ 8 16| 0| 4 1} S-II
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Table 11: 2017 NHTSA HSP Annual Report Data

2017 NHTSA State HSP Annual Report Data

Total Fatalities Fatality Rate Passenger Vehicle Occupant Fatalities Aleohol-impaired Speedirg-Related M otoreycle Fatalities Pedestrian Bicyclist and Other Observed Seat Belt
State Total {C-1)| Rural Urban | Unknown] Total (C-3)]  Rural Urban Total | Restrained] Unrestrained {C-4} JUnknown] driving fatalities {C-5) Fatalities {C-6) ] Total {C-7}| Helmeted| Unhelmeted {C-8) | Unknown| Fatalities {C-10] § Cyclist Fatalities {C-11}) Use (B-1)
Alabama 948 585 363 a 1.34 2.04 0.56 711 265 398 48 265 257 79 72 6 1 119 7 93
Alaska 73 45 33 1 1.43 1.94 108 47 24 17 6 23 26 6 3 3 a 14 1 S0
Arizona 998 360 537 1 1.53 2.25 1.3 451 211 243 37 270 313 162 63 36 3 213 32 56
Arkanzas 525 339 186 a 1.44 1.93 0.99 374 166 180 28 146 124 63 30 36 3 47 4 51
California 3334 1423 2458 3 1.13 2.6 0.55 2093 1283 625 180 1141 1164 578 519 45 14 sS40 145 96
Colorado 548 277 369 2 1.21 1.76 0.98 410 175 222 13 177 230 103 31 72 0 92 16 54
Connecticut 251 44 235 2 0.89 1.4 0.33 163 31 53 23 122 50 57 22 33 2 43 3 50
Delaware 119 61 56 2 1.14 2.33 0.71 69 33 33 3 31 33 10 6 4 o 33 5 91
Florida 3116 534 2282 Q 1.42 2.32 125 1645 923 673 49 534 307 590 291 289 10 654 125 S0
Georgia 1540 534 246 a 1.23 2 1 1056 438 464 104 357 243 133 119 18 2 253 15 97
Hawail 107 25 82 Q 1 1.34 0.92 59 139 21 19 42 51 25 11 14 a 14 6 57
Idaho 245 183 62 Q 1.42 1.84 0.54 177 63 95 19 64 48 27 10 17 o 15 2 51
lllingis 1030 333 635 3 1.01 1.55 0.34 713 352 265 Eld 357 464 160 43 108 4 147 26 EL]
Indizna 916 558 356 2 112 1.3 0.68 610 300 203 102 253 210 143 41 105 3 101 13 93
lowa 330 254 76 Q 0.93 1.28 0.56 220 57 57 Fis 0 70 43 14 34 1 23 5 51
Kansas 461 313 147 1 143 2.08 0.36 342 147 167 25 106 104 56 21 32 3 33 5 32
Kentucky 782 510 271 1 1.53 1.94 L1l8 575 283 230 2 181 133 50 31 53 ] 33 7 87
Louvidiang 770 374 395 1 1.56 1.97 131 432 206 246 40 212 181 57 73 13 & 115 23 37
Maine 173 136 36 1 1.17 1.36 0.77 115 52 53 0 48 50 26 9 17 ] 20 2 85
W aryland 555 127 423 3 0.93 118 0.36 320 163 113 44 186 163 87 70 13 4 117 11 92
Massachusetts 347 22 325 a 0.55 0.71 0.55 205 40 133 32 122 103 51 47 1 3 72 12 74
M\Chlﬁaﬂ 1031 402 525 4 1.01 1.3 0.55 553 355 191 112 303 241 150 74 (] 7 156 21 =L
Minnesota 358 209 143 1 0.6 0.86 0.42 236 135 71 30 85 89 55 16 36 3 38 & 92
Mississippi 635 425 256 1 1.68 1.78 152 538 223 310 5 157 53 33 26 7 & 71 & 73
lissouri 932 467 465 a 1.23 1.44 107 668 230 330 58 247 347 121 100 20 1 96 9 54
MMaortana 186 167 19 a 1.47 1.91 0.49 142 52 86 4 56 59 22 9 13 0 14 1 78
Nebraska 225 159 [<E] a 1.03 138 0.73 166 49 EE] 18 &7 37 27 20 Q 7 20 3 36
Nevada 311 31 226 4 1.13 1.48 1.02 144 63 63 12 33 95 54 44 3 2 91 9 51
New Harmpshire 102 51 51 a 0.75 0.54 0.62 70 19 51 0 26 58 15 7 3 0 11 2 68
Newr lersey 6524 83 536 5 0.81 1.7 0.74 331 196 119 16 121 126 83 75 3 5 183 17 EL
New Mexico 330 195 130 5 1.37 116 163 222 107 105 10 113 141 53 14 35 4 75 2 52
New York 1006 474 532 Q 0.81 1.88 0.54 542 307 172 63 289 310 145 131 9 5 246 46 93
North Carolina 1412 573 533 a 1.18 2.15 0.68 954 504 400 50 393 423 176 161 14 1 198 29 51
North Dakota 116 103 10 3 1.19 152 0.34 50 28 42 10 45 28 13 3 10 a 5 2 73.3
Ohia 1173 552 620 7 0.99 1.56 0.74 825 358 376 91 328 252 157 45 109 3 142 13 53
Oklahorna 657 417 240 a 1.33 1.88 0.58 435 164 733 38 161 143 93 23 63 2 73 6 57
Oregon 433 237 202 a 1.13 1.63 0.91 285 135 4 36 144 170 57 43 3 & 70 10 97
Perinsylvania 1137 607 528 2 1.12 173 0.73 717 248 342 127 320 469 187 37 B8 2 147 22 86
Rhode Idand 84 13 65 0 1.05 2.1 0.92 49 24 24 1 35 41 11 6 5 a 21 2 8
South Caroling o953 655 301 0 1.78 2.72 1 643 298 303 37 305 417 145 44 EE] 2 155 17 92
Sauth Dakota 129 109 20 0 1.34 1.61 0.69 93 24 64 5 36 31 16 6 10 a 10 a 75
Tennessee 1024 494 529 1 1.24 1.95 0.93 713 358 298 63 252 170 135 123 9 3 121 3 59
Texas 3732 1505 2214 13 1.37 2.08 111 2375 1312 863 135 1463 1043 490 235 242 13 603 53 92
Utah 273 117 156 a 0.87 1.34 0.69 165 78 82 El 52 32 33 13 25 1 42 & EE]
Vermaont 63 56 13 Q 0.93 1.06 0.61 45 21 20 4 18 31 13 13 a a 8 a B85
Mirginia 833 519 319 1 0.98 178 0.57 572 263 306 3 245 213 117 115 1 1 111 12 85
Washington 563 235 316 12 0.92 137 0.71 340 181 104 55 177 174 30 78 Q 2 104 15 95
\West Virginia 304 203 98 3 133 2.05 107 213 76 93 45 72 34 26 16 10 Q 26 3 50
Wi sconsin 513 397 214 2 0.94 1.2 0.67 437 210 180 47 185 180 76 30 42 4 56 7 85
Wyoming 123 95 28 Q 1.26 1.39 0.95 57 25 53 4 45 37 17 4 13 Q & Q 35




Table 12: 2018 NHTSA HSP Annual Report Data

2018 NHTSA State HSP Annual Report Data

0¢

Total Fatalities Fatality Rate Passenger Vehicle Occupant Fatalities Alcohal-impaired speeding-Related i otorcycle Fatalities Pedestrian Bicydlist and Other | Observed Seat Belt

state Total {C-1}]  Rural Urban | Unknown] Total (C-3)]  Rural Urban Total | Restrained] Unrestrained (C-4) JUnknown] driving fatalities {C-5) Fatalities (C-8) | Total {C-7)|Helmeted] Unhelmeted {C-8) | Unknown] Fatalities {C-10) | Cyclict Fatalities {C-11) Use (B-1)
Alabarna 953 541 412 Q 1.34 188 0.97 716 295 354 63 249 262 52 72 10 0 107 9 52
Alaska 30 41 39 a 146 13 121 45 20 20 5 27 42 12 ] 5 1 14 a 92
Arizona 1011 320 677 14 1.53 1.96 1.36 512 201 243 65 298 310 156 €6 74 16 236 24 =5
Arkansas 520 307 213 Q 142 173 113 352 145 177 30 135 132 &6 13 45 2 62 4 78
Califarnia 3798 1085 2712 1 1.09 1.86 0.93 2023 1223 635 165 1116 1000 523 430 34 9 978 165 56
Colorado 532 259 373 0 1.17 1.63 0.98 402 171 216 15 192 210 103 45 58 0 a3 22 86
Connecticut 293 33 252 3 0.83 12 0.89 172 71 73 25 120 0 43 20 25 1 59 1 92
Delaware 111 34 77 Q 1.09 138 1 62 29 32 1 28 33 17 8 El 0 23 & 92
Florida 3135 3803 2332 0 141 2.19 1.26 1581 845 £33 33 822 305 575 278 286 11 706 161 91
Georgia 1505 508 997 a 1.14 155 1.01 9594 448 441 105 379 268 154 134 16 4 262 30 sl
Hawsaii 117 6 91 0 1.07 141 1.01 37 12 16 3 33 51 34 12 22 0 42 2z 3
Idaho 234 170 64 a 1.32 167 0.85 152 59 30 13 56 47 38 17 21 0 17 2 B3
lllinois 1035 386 643 0 0.56 1.5 0.79 668 325 252 91 325 439 119 31 57 1 166 24 95
Indiana 860 525 334 1 1.05 177 0.64 S61 273 210 78 214 139 117 21 89 7 114 22 53
|owa 319 255 64 a 0.56 129 0.47 224 121 78 25 50 62 43 14 29 0 22 7 54
Kansas 405 252 150 2 1.26 164 0.83 277 129 126 22 51 35 [ 22 40 3 28 E 54
Kentucky 724 515 208 1 1.46 1.93 0.91 514 235 279 0 136 111 95 35 60 0 73 10 4
Louisiana 771 305 486 0 154 1.56 153 468 209 222 37 221 140 73 71 2 [ 164 29 87
Maine 136 116 20 Q 0.52 114 0.43 101 52 43 Q 39 42 23 El 18 0 ] 2 83
Maryland 512 EY 414 il 0.56 0.85 0.84 298 162 106 30 129 128 62 48 13 1 131 & e
WMassachusetts 355 34 320 1 053 111 0.5 203 61 106 36 122 100 53 53 5 0 77 4 82
Michigan 5977 410 586 1 0.85 131 0.8 543 355 134 104 283 248 143 73 58 8 142 21 93
Winnesota 331 218 160 3 063 0.88 0.45 252 123 84 a5 104 114 59 17 42 0 42 7 a2
Mississippi 663 440 223 0 1.53 1.85 1.32 491 205 281 S 166 48 41 35 6 0 39 6 0
Misouri 921 512 409 Q 1.2 1.54 0.94 655 232 379 44 245 367 113 98 12 3 95 2 57
Maontana 181 153 28 a 143 175 0.71 132 45 a5 2 30 66 21 10 11 0 15 2 87
Nebraska 230 171 59 a 1.1 147 0.63 165 57 58 20 €3 29 23 El 2 12 24 a =5
Nevada 329 29 238 2 1.16 1.56 1.05 172 g9 78 7 =3 33 58 46 5 4 79 2 92
New Harmpshire 147 73 69 Q 1.07 142 0.83 98 28 65 2 46 71 28 6 21 1 9 2 76
Newr Jersey S63 45 508 10 0.73 0.92 0.7 297 161 125 11 127 119 53 45 7 1 173 18 S5
New Mexica 392 232 158 2 1.44 143 142 222 87 112 23 113 132 46 20 20 € 83 11 £
New York 964 257 677 Q 0.78 113 0.69 477 269 154 54 325 278 152 136 7 El 268 30 93
North Caroling 1438 £32 742 2 1.19 168 0.93 958 523 393 42 419 327 191 176 15 0 224 18 91
North Dakota 105 91 14 a 1.07 132 0.47 76 29 37 10 23 41 16 5 11 0 & 2 83
ohio 1068 471 580 17 093 136 0.73 728 320 333 75 257 291 145 43 95 2 127 22 85
Oklahomna 55 429 225 1 1.44 1.94 0.96 445 205 205 35 147 147 S1 26 60 5 60 16 26
Oregon 502 286 216 Q 1.36 1.96 0.97 311 165 86 60 157 143 B3 73 4 e 77 9 56
Pernsylvania 1150 525 650 5 1.17 153 0.97 743 263 334 101 339 455 165 66 92 7 157 18 83
Rhode Idand 59 16 42 1 0.74 1.75 0.59 30 13 13 4 22 30 15 7 10 1 7 1 ==l
South Carolina 1036 €79 357 Q 152 2.65 114 &77 314 331 32 250 450 141 41 98 2 165 23 S0
Sauth Dakota 130 117 13 0 1.34 1.72 0.44 94 29 59 6 46 52 16 4 11 1 10 Q 79
Tennessee 1040 471 569 a 1.28 182 1.03 5583 347 290 46 243 167 168 153 12 3 136 k23 91
Texas 3648 1523 2113 12 1.29 198 103 2348 1221 928 197 1471 993 416 205 194 17 616 €3 91
Utah 260 93 165 2 0.51 104 0.71 156 57 £ 13 62 71 47 23 22 2 36 3 ==
Vermont 63 60 7 1 0.93 115 0.33 52 20 30 2 15 25 7 5 1 1 & a S0
Mirginia 820 471 346 El 0.56 162 0.61 553 260 293 0 245 241 100 95 5 0 118 12 84
Washirgton 539 240 233 & 0.36 138 0.65 327 181 107 39 165 182 80 75 5 0 99 16 o3
Wifect Virginia 294 178 116 a 151 1.8 121 197 94 70 33 58 38 33 23 14 2 22 5 91
Wisconsin 589 387 195 3 0.59 116 0.61 414 203 154 57 206 186 3 30 53 0 56 4 53
Wyarning 111 ElS 14 1 1.06 1.3 0.46 76 33 37 € 36 35 15 <] ] 0 <] 0 8_6
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Table 13: 2019 NHTSA HSP Annual Report Data

2019 NHTSA State HSP Annual Report Data

Total Fatalities Fatality Rate Passenger Vehitle OccUpant Fatalities ‘Alcoholimpaired | Speeding-Related Motorcycle Fatalities Pedestrian Bicydist and Other | Observed Seat Beft

State Total(C-1)] Rural | Urban Junknown]totsl ©3)] Rural [ urban | Totasl [Restrained] Unrestrained {c4)Junknown| driving fatalities(c-5) | Fatalities(c-6) | Total (c-7)[Helmetedfieimeted (| unknown| Fatalities {c-10) | Cyclist Fatalities (c-11) Use (B-1)
Alabama 330 535 355 0 1.3 1.84 0.2 673 268 352 53 272 216 93 78 15 0 119 & 92
Alaska 67 37 23 1 114 1.43 0.88 43 18 2 B 21 29 & 4 2z 0 6 2z 34
Arizona 573 356 604 13 139 2.13 1.13 476 196 220 60 259 325 175 79 86 10 210 30 91
Arkansas 511 342 163 0 L1.38 1.91 0.88 353 152 166 5 131 132 66 27 34 5 62 3 82
california 3719 1141 2571 7 1.09 2.02 0.3 1944 1150 634 160 366 1108 491 452 28 11 1011 143 96
Colorado 587 242 352 3 109 1.49 0.2 371 160 190 21 160 239 103 a3 54 1 73 20 28
Connecticut 243 a7 193 3 0.79 1.47 0.7 137 58 s7 2 98 64 6 15 28 3 54 3 54
Delaware 132 48 84 0 L.29 1.3 1.03 72 44 24 4 3z 37 18 10 g 0 32 7 93
Florida 3185 831 2352 2 141 2.21 1.24 1585 398 659 3 775 203 592 280 304 8 714 161 30
Georgia 1452 520 a72 0 112 1.63 0.96 990 514 385 91 355 260 170 151 15 4 236 21 96
Hawaii 108 a1 86 1 098 112 0.34 46 22 16 3 38 52 20 5 14 1 36 4 97
Idaho 224 169 54 1 124 1.67 0.68 166 6 81 3 63 48 s 15 10 0 12 4 36
illimis 1009 357 646 6 094 1.41 0.79 643 312 243 82 311 376 133 37 100 1 173 12 94
indiana 810 492 315 3 098 1.63 0.6 555 263 220 72 200 201 127 32 EE) 6 73 16 95
lowa 336 244 a2 0 1 122 0.68 237 125 53 15 102 [ a4 3 3s 0 21 a 95
Kansas 410 258 151 1 1.29 1.69 0.51 315 141 137 37 87 110 a1 13 28 0 16 B 85
Kentucky 732 503 225 0 1.48 1,59 1 526 264 262 0 151 114 52 24 &8 0 73 5 30
Louisiana 727 375 352 0 142 1.89 1.12 458 179 234 5 214 94 87 =] 10 8 118 22 58
Maine 157 126 31 0 106 1.3 0.67 103 52 48 3 43 43 27 7 20 0 16 z 83
Maryland 535 115 412 3 0.83 1.07 0.83 309 145 114 47 167 142 77 [ 7 2 124 10 30
Massachusetts | 336 25 311 0 052 0.52 0.5 200 &1 57 12 112 50 [ 28 ] 18 77 5 32
Michigan 556 401 575 5 0.57 1.28 0.52 545 344 206 35 264 250 134 52 51 11 141 71 34
Minnesota 364 213 150 1 0.6 0.56 0.42 2338 125 74 35 35 77 [ 13 33 0 47 11 33
Mississippi 542 450 192 0 156 1,58 1.12 503 209 275 15 166 120 20 33 5 2 &5 g 31
Missouri 531 463 418 0 L11 1,34 0.4 575 181 341 53 236 328 123 108 12 5 109 14 38
Mo ntana 134 155 75 0 143 1.78 0.63 117 24 57 5 [ 57 23 3 14 0 16 3 39
Nebraska 248 178 70 0 117 1.53 0.73 191 623 50 33 60 43 25 21 1 3 20 1 20
Nevada 304 111 151 2 1.06 1.97 0.82 158 94 55 3 EE] 29 56 33 2 14 62 B 34
New Hampshire | 101 58 42 1 0.73 1.04 0.51 61 21 38 2 38 35 30 15 14 1 10 0 71
Hew lersey 558 63 438 7 0.71 1.27 0.67 260 143 103 3 123 110 g5 57 15 3 174 13 30
New Mexico 425 241 184 0 153 1.47 162 243 117 101 20 125 156 55 17 32 6 23 a 92
New York 534 255 678 1 0.75 1 0.65 423 246 150 37 256 269 136 122 11 3 274 48 34
North Caroling | 1457 799 655 3 119 1.92 0.81 961 483 423 5 386 331 210 187 20 3 221 13 38
North Dakota 100 84 16 0 1.0z 122 0.54 &3 24 EE] 12 4z 25 11 4 7 0 5 z 84
Ohio 1153 530 617 5 1.01 1.51 0.77 780 324 379 77 362 321 162 45 116 1 124 75 26
Oklzho ma 840 422 217 1 143 1.92 0.36 435 134 206 3 156 138 68 23 42 3 85 13 85
Oregon 433 280 213 0 L.38 2.06 0.36 318 172 87 59 171 154 57 46 g 3 82 11 36
Pennsylvania 1059 501 552 6 1.03 1.45 0.81 665 259 318 a8 299 441 176 85 a7 4 147 14 89
Rhode Island 57 ] 54 0 0.75 0.33 0.81 35 15 18 2 24 36 13 3 ] 1 8 o a8
South Carolina | 1006 689 317 0 174 2.65 0.39 629 291 300 38 276 459 154 E 116 3 163 26 50
South Dakota 102 84 18 0 1.03 1.21 0.6 7z 31 38 3 28 24 14 3 & 2 7 1 75
Tennessee 1136 514 621 1 1.37 1.96 1.1 779 385 343 51 289 180 155 130 20 5 148 7 92
Texas 3619 1453 2159 7 1.26 1.85 1.03 2282 1188 868 226 1338 1116 417 208 187 22 649 66 91
Utzh 248 116 131 1 0.75 1.31 0.55 149 88 48 13 38 67 34 16 16 2 38 3 30
verrmont 47 4z S 0 064 0.5 0.24 32 17 15 0 a 22 & 3 1 1 3 o a9
virginia 831 459 328 4 0.57 17 0.55 559 255 301 3 237 228 102 91 11 0 123 13 35
Washington 538 236 258 4 0.86 1.35 0.66 313 145 108 57 151 152 35 53 z 0 102 5 93
Mest Virgi 260 167 87 6 136 1.74 0.92 169 78 73 18 56 85 28 19 a 0 31 3 30
Wisconsin 567 369 192 3 0.85 1.11 0.58 378 180 142 54 186 173 85 31 54 0 59 14 30
Wyoming 147 124 20 3 144 1.72 0.66 103 53 a7 3 EE] 45 15 3 B 1 11 ] 78
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Table 14: 2020 NHTSA HSP Annual Report Data

2020 NHTSA State HSP Annual Report Data

Total Fatalties Fatality Rate Passenger Vehicle Occupant Fatalities ‘AMcohol-impaired | Speedirg Related Motorcydle Fatalities Pedestrian Bicydlist and Other | Observed Seat Belt

State Total(C-D] Rural | Urban JunknownfTotel (-] Rursl T urban | Total Jrestrained] unrestrained (c-a) Junknown| driving fatalities (5) | Fatalities (C-6) _JTotal (C-7)] Helmeted] Unhelmeted (¢-8)[ unknown] Fatalities (C-10) | Cydlict Fatalities (C-11) Use(B-1)
Alabarna 934 521 412 1 138 187 1.03 705 263 384 58 233 266 78 63 10 0 101 10 0
Alazka 64 33 26 0 121 1.53 0.92 33 18 14 7 15 3 4 z z 0 13 2 0
Arizona 1053 348 G54 51 L6 2.21 131 516 215 237 &4 235 366 161 77 79 5 222 33 0
Arkanisas 651 443 202 0 152 2.72 118 435 173 203 a7 166 170 g1 33 33 3 82 6 0
California 3580 1153 2781 6 133 2.15 114 2135 11438 752 205 1180 1295 543 502 34 13 1013 136 0
Colorado 622 237 384 1 1.28 158 114 351 142 150 13 138 287 138 63 72 3 &7 15 86
ConnecticLt 255 13 254 2 1 1.46 0.94 168 3 57 33 123 106 57 26 25 3 53 3 0
Delaware 118 24 72 0 139 2.18 114 73 32 34 7 30 3 14 12 z 0 75 3 0
Florida 3329 J21 2606 2 1.6 2.05 151 1746 835 817 34 831 295 583 285 292 12 635 170 a
Georgia 1658 645 1010 3 143 2.23 116 1065 502 461 102 373 380 186 166 14 3 279 32 [
Hawall 85 12 73 0 0.97 0.52 1 40 11 13 16 P 37 18 5 13 0 21 4 0
\dzho 214 165 43 0 1.23 165 0.66 156 56 85 15 61 5] F3 10 15 1 14 3 0
Illinois 1193 355 231 3 1.27 1.54 1.17 777 298 237 132 330 251 151 18 101 2 175 30 o
Indiana 257 441 456 0 1.17 1.55 0.53 583 272 275 ER 247 238 150 28 114 B 53 20 ]
lowa 343 233 110 0 1.15 13 0.53 207 52 51 24 118 53 55 20 24 1 73 10 55
Kansas 426 260 166 0 1.53 1.3 1.17 288 125 134 29 93 102 65 27 37 1 46 4 85
Kentucky 780 501 273 a 1.68 1.99 131 541 247 294 Q 198 162 83 36 53 Q 91 5 a
Lovidana 828 333 443 2 1.71 2.02 151 533 200 297 36 229 189 75 51 13 11 144 34 a
Maine 164 131 32 1 125 144 0.3 114 50 63 1 60 43 3 g 21 0 ] 2 [
IWaryland 573 57 453 3 1.13 0.93 116 323 135 133 55 150 170 3 70 13 0 134 15 50
Massachusetts | 343 25 318 0 0.63 0.93 0.62 211 60 B 52 58 101 54 a7 4 3 52 10 0
Michigan 1086 431 552 3 1.25 1.56 111 670 294 221 155 306 251 157 76 75 15 172 39 o
Minnesota 354 240 153 1 0.76 1.08 0.52 245 110 100 35 107 122 4 22 a1 1 45 10 ]
Mississippi 748 511 234 3 1.89 2.19 1.43 535 215 278 52 146 125 51 a1 14 3 105 3 73
ISz uri 587 430 457 0 1.36 1.51 1.23 677 196 424 57 309 421 122 EE] 23 ] 128 3 36
Mortana 213 135 27 1 1.76 2.2 0.73 150 56 93 1 95 83 25 11 14 aQ 17 a 90
Nebraska 233 162 71 a 1.2 1.5 0.83 158 37 100 21 71 38 33 258 El aQ 13 1 81
Hevada 333 23 244 0 1.32 1.67 1.23 161 66 77 13 50 103 62 50 2 3 g1 11 [
Hew Harmpshire] 104 57 45 2 0.87 115 0.64 56 15 36 S ] 27 5 7 16 2 16 2 72
New Jersey 586 54 519 13 0.23 127 0.84 303 148 127 28 153 146 74 65 7 2 174 18 0
New Mexico 358 209 136 3 1.68 1.47 1.95 235 a7 131 11 129 160 44 18 24 2 75 3 0
Hews York 1045 236 759 0 1.02 13 0.4 518 254 174 &0 235 353 154 164 25 S 225 47 0
North Carolina | 1538 815 718 1 145 2.22 1.03 1034 437 501 36 445 258 150 173 15 2 230 26 E
North Dakota 100 76 24 0 1.14 1.29 0.33 61 17 35 =] 35 24 17 3 14 ] el 1 34
Qhio 1230 471 727 32 119 L51 L01 750 305 393 52 461 340 207 52 152 3 153 18 [
Oklaharna 653 390 263 0 155 187 124 453 183 220 44 180 156 61 19 37 5 86 12 o
O 507 284 223 0 157 2.29 112 306 167 ) a1 133 135 &7 54 5 2 71 14 95
Pernsylvania 1125 438 626 5 1.28 1.6 L1 666 218 334 114 318 261 205 50 113 6 143 20 23
Rhode I9and 67 13 54 0 0.98 168 0.83 34 11 17 & 28 34 12 & 5 1 17 2 0
South Carolina | 1068 621 445 0 198 2.55 15 701 298 371 32 315 456 136 5 91 0 183 14 0
South Dakota 141 103 32 0 145 1.53 11 51 28 57 3 50 42 27 s 20 2 14 0 3
Tennessee 1217 512 705 0 159 2.05 1.37 314 351 ER 72 323 185 148 134 13 1 172 13 0
Texas 3876 1504 2369 3 149 2.1 125 2430 1157 1018 55 1533 1443 477 233 9 15 683 79 [
Utah 278 114 162 0 0.91 13 0.75 175 &4 66 F 60 72 40 17 23 0 33 8 [
wvermont 62 43 13 0 1.03 L15 0.75 38 15 3 0 17 17 10 a 1 0 8 1 3
Virginia 350 442 408 0 1.12 1.67 0.82 582 240 340 2 233 257 100 34 & 0 111 7 [
‘washirgton 574 247 325 2 1.07 1.59 0.85 336 170 110 56 212 173 52 28 B 1 105 13 93
\West Virginia 267 171 29 7 1.66 2.07 114 177 ] 24 = 74 60 E 17 20 1 18 3 0
Wisconsin 612 375 234 3 1.06 128 0.83 397 150 178 =] 207 214 116 33 33 0 50 12 &3
Wyomnirg 127 101 26 0 13 141 0.93 ] 43 a4 2 24 42 19 7 10 2 3 1 E
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Table 15: 2021 NHTSA HSP Annual Report Data

2021 NHTSA State HSP Annual Report Data

Total Fatalities Fatality Rate Passenger Vehicle Occupant Fatalities Mcohol-impaired | Speeding-Related Motarcycle Fatalities Pedestrian Bicyclist and Cther | Observed Seat Belt

State Total(C-1)]  Rural Urbah | Unknown| Rural Urban Tatal Rastramadl Unrezrained (C-4 | Unknown] driving fatalities {C-5) Fatalities (C-6) | Total {C-7){Hel metedl Unhelmeted (C-8) | Unknown] Fatalities {C-10) | Cyclist Fatalities {C-11) Use (B-1)
Alabarna 983 520 463 0 141 108 721 316 354 51 281 274 77 62 12 3 128 7 51
Alaska 67 36 31 0 134 101 33 17 12 3 22 27 6 4 2 0 16 2 92
Arizona 1180 357 750 43 2.03 139 602 212 290 100 421 373 150 72 70 8 248 45 89
Arkansas 693 08 285 0 212 145 448 180 228 40 185 118 56 41 53 2 79 10 84
Califarnia 4285 1291 2932 2 2.21 119 2344 1245 878 221 1370 1503 565 516 37 12 1108 125 97
Colorado 691 255 394 Fl 1.76 LOG 429 179 222 28 216 202 135 48 34 3 52 15 87
Connecticut 298 15 253 o 157 0.57 169 70 74 25 112 115 5 5 35 5 53 3 52
Del aware 136 43 53 0 152 1.27 73 36 40 3 34 46 23 19 4 0 29 F 52
Florida 3735 775 2958 z 2.06 LG4 1930 1013 884 33 1013 351 651 314 328 5 817 157 50
Georgia 1797 598 1193 0 1.98 133 1182 515 555 112 391 369 185 165 14 6 308 15 95
Hawail 94 19 73 2 1.09 0.89 30 10 19 1 28 45 33 12 21 0 F 4 54
Idaha 271 136 84 1 1.66 1.04 187 68 106 13 85 59 31 11 20 0 21 3 83
linois 1334 371 953 10 1.72 136 844 311 332 201 461 487 174 62 108 4 203 34 54
Indiana 532 435 505 z L46 102 Gl4 258 245 111 234 252 134 42 36 G 111 21 53
lowa 356 247 107 2 124 0.82 215 106 87 26 118 84 68 17 51 0 30 11 53
Kanss 424 57 164 3 LE7 101 300 126 134 40 109 58 47 18 26 3 43 4 86
Kentucky 206 296 209 1 188 142 553 267 286 0 190 143 105 32 72 0 75 10 50
Louisara 572 406 564 Fl 1.4 167 625 226 334 [ 293 281 83 61 19 3 184 34 86
Waine 153 111 38 ] L1 0.84 107 52 55 0 45 26 21 g 13 0 19 2 52
Iiaryland 561 a1 505 11 0.39 11 334 151 147 36 195 168 77 61 15 1 129 & 51
Massachusetts | 417 27 EE) 1 0.53 0.65 246 ER 111 44 150 114 72 [ 1 5 74 5 78
Michigan 1136 412 712 12 1.33 1.0g 631 321 235 135 325 321 174 77 74 23 174 29 93
Mirnesota 488 %62 225 1 107 0.69 322 164 EE] 55 130 167 =] 24 44 1 50 E] 52
Wlississippi 772 259 234 73 1839 141 583 258 238 37 155 122 38 35 2 1 94 16 20
Wissouri 1016 503 511 2 138 L18 657 207 402 a8 290 404 158 71 30 7 117 7 83
Mortana 239 181 56 2 152 135 173 54 109 10 104 86 % 7 19 0 18 3 52
Webraska 221 164 57 0 138 0.61 165 63 76 26 65 36 71 19 0 2 15 1 81
Nevada 385 130 255 0 2.19 121 151 96 71 24 116 112 87 63 5 15 80 3 53
NewHarmpshire] 115 a0 57 1 L11 0.74 78 15 48 15 45 40 % 5 13 2 B z 76
New Jersey 699 66 618 15 14l 0.5 337 146 160 31 178 178 EE] 83 12 [} 212 23 54
New Mexico 481 258 220 3 161 2.04 278 101 165 12 154 186 51 3 27 1 102 & 50
New York 1157 255 501 1 1.09 108 552 314 184 54 338 418 218 181 30 7 293 33 93
Worth Caralina | 1663 784 878 1 1.93 114 1117 558 515 43 466 478 230 203 18 3 248 23 50
Narth Dakota 101 77 24 0 122 0.51 =] 30 31 7 33 23 8 3 5 0 10 1 &2
Chio 1354 531 821 12 153 104 854 305 440 105 531 331 223 66 154 3 168 30 84
Oklahorna 762 236 375 1 154 146 531 231 260 20 152 181 50 15 53 G 106 12 34
Oregan 593 344 255 0 2.31 L16 270 174 116 20 215 154 g4 76 5 3 87 18 95
Pernsylvania 1230 484 742 4 141 108 732 266 367 93 337 500 222 107 108 7 176 21 50
Rhnde Idand 63 12 50 1 119 0.77 a1 19 18 4 24 20 12 5 g 0 7 2 89
Ssouth Caralina | 1198 €58 540 o 2.53 172 764 343 373 43 401 486 177 64 112 1 190 23 50
sauth Dakota 148 121 27 o L71 0.53 105 31 5 E] 52 35 22 5 17 0 14 o 87
Tenresse 1327 524 803 0 155 Lag S0L 416 393 52 355 231 166 144 13 5 177 7 50
Texas 2498 1744 2743 S 2.2 1.34 2818 1330 1172 316 1906 1568 515 266 232 17 817 91 50
Utah 228 140 138 [ 142 0.79 217 114 7 25 73 109 EE] PE] 15 1 43 3 88
errnont 74 68 3 0 145 0.31 as 17 27 1 FE) 30 15 13 2 0 8 o 89
Virginia 573 542 428 3 181 0.85 631 339 336 5 281 337 111 100 f] 2 123 16 82
Washirgton 670 267 399 4 157 0.98 396 198 149 43 262 206 50 85 2 3 142 14 94
West Virginia 280 174, 105 1 2.09 135 184 77 74 33 &5 2] 27 14 12 1 36 o 88
\iisconsin G20 414 204 z 125 0.64 388 154 164 70 159 212 121 36 33 2 48 ] 88
Wyornirg 110 86 24 0 1.05 0.83 71 26 43 2 38 45 17 3 8 3 11 ] 50




APPENDIX D. PERCENT OF STATE POPULATION LIVING IN URBAN AREAS

Table 16: 2020 Percent of State Population Living in Urban Areas

2020 Urban
Population as % of
St the Total
Population
California 94.2%
Nevada 94.1%
New Jersey 93.8%
Florida 91.5%
Massachusetts 91.3%
Rhode Island 91.1%
Utah 89.8%
Arizona 89.3%
New York 87.4%
lllinois 86.9%
Connecticut 86.3%
Hawaii 86.1%
Colorado 86.0%
Maryland 85.6%
Texas 83.7%
Washington 83.4%
Delaware 82.6%
Oregon 80.5%
Pennsylvania 76.5%
Ohio 76.3%
Virginia 75.6%
New Mexico 74.5%
Georgia 74.1%
Michigan 73.5%
Nebraska 73.0%
Kansas 72.3%
Minnesota 71.9%
Louisiana 71.5%
Indiana 71.2%
Missouri 69.5%
Idaho 69.2%
South Carolina 67.9%
Wisconsin 67.1%
North Carolina 66.7%
Tennessee 66.2%
Alaska 64.9%
Oklahoma 64.6%
lowa 63.2%
Wyoming 62.0%
North Dakota 61.0%
Kentucky 58.7%
New Hampshire 58.3%
Alabama 57.7%
South Dakota 57.2%
Arkansas 55.5%
Montana 53.4%
Mississippi 46.3%
West Virginia 44.6%
Maine 38.6%
Vermont 35.1%
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APPENDIX E. R STUDIO INPUT DATA FOR K-MEANS CLUSTERING

Table 17: R Studio Input Data for Section 4.1.1. Analysis

R Studio Input Data for Population Living in Urban Areas and Urban
Fatality Rate
State 2020_Percent_U|2019_5yr_Average_U
rban_Population| rban_Fatality_Rate

Alabama 0.577 0.824
Alaska 0.649 1.034
Arizona 0.893 1.224
Arkansas 0.555 0.99
California 0.942 0.832
Colorado 0.86 0.922
Connecticut 0.863 0.824
Delaware 0.826 0.9

Florida 0.915 1.228
Georgia 0.741 0.994
Hawaii 0.861 0.976
Idaho 0.692 0.708
Illinois 0.869 0.784
Indiana 0.712 0.614
lowa 0.632 0.612
Kansas 0.723 0.752
Kentucky 0.587 0.964
Louisiana 0.715 1.3

Maine 0.386 0.618
Maryland 0.856 0.834
Massachusetts 0.913 0.55
Michigan 0.735 0.806
Minnesota 0.719 0.428
Mississippi 0.463 1.098
Missouri 0.695 0.946
Montana 0.534 0.59
Nebraska 0.73 0.698
Nevada 0.941 0.988
New Hampshire 0.583 0.664
New Jersey 0.938 0.702
New Mexico 0.745 1.424
New York 0.874 0.642
North Carolina 0.667 0.75
North Dakota 0.61 0.384
Ohio 0.763 0.746
Oklahoma 0.646 0.944
Oregon 0.805 0.888
Pennsylvania 0.765 0.854
Rhode Island 0.911 0.69
South Carolina 0.679 1.202
South Dakota 0.572 0.578
Tennessee 0.662 1.016
Texas 0.837 1.06
Utah 0.898 0.67
Vermont 0.351 0.416
Virginia 0.756 0.546
Washington 0.834 0.672
West Virginia 0.446 1.002
Wisconsin 0.671 0.63
Wyoming 0.62 0.722
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Table 18: R Studio Input Data for Section 4.1.2. Analysis

R Studio Input Data for Percent of Road Length
Classified as Urban and Urban Fatality Rate
2019 _Percent_ 2019_5yr_Average_U
State of roads_that - = -
- — 7| rban_Fatality_Rate
are_urban

Alabama 0.291908153 0.824
Alaska 0.178022493 1.034
Arizona 0.396252027 1.224
Arkansas 0.16853334 0.99
California 0.592572501 0.832
Colorado 0.234622335 0.922
Connecticut 0.736338484 0.824
Delaware 0.561126814 0.9

Florida 0.704357576 1.228
Georgia 0.4056785883 0.994
Hawaii 0.631452127 0.976
Idaho 0.139388812 0.708
lllinois 0.341034213 0.784
Indiana 0.313015479 0.614
lowa 0.11142655 0.612
Kansas 0.10093404 0.752
Kentucky 0.18891014 0.964
Louisiana 0.375285185 1.3

Maine 0.14100923 0.618
Maryland 0.5804326875 0.834
Massachusetts 0.831729041 0.55
Michigan 0.311173388 0.806
Minnesota 0.164427404 0.428
Mississippi 0.168659542 1.098
Missouri 0.18618661 0.946
Montana 0.058038922 0.59
Nebraska 0.084327329 0.698
Nevada 0.217779923 0.988
New Hampshire | 0.313524358 0.664
New Jersey 0.860161608 0.702
New Mexico 0.157172013 1.424
New York 0.436977831 0.642
North Carolina 0.387527984 0.75
North Dakota 0.032757415 0.384
Ohio 0.386423772 0.746
Oklahoma 0.164998522 0.944
Oregon 0.192286779 0.888
Pennsylvania 0.400615578 0.854
Rhode Island 0.772881977 0.69
South Carolina 0.308457032 1.202
South Dakota 0.040259722 0.578
Tennessee 0.331142949 1.016
Texas 0.347758511 1.06
Utah 0.25272631 0.67
Vermont 0.105422785 0.416
Virginia 0.35523691 0.546
Washington 0.301898039 0.672
West Virginia 0.17174235 1.002
Wisconsin 0.207160274 0.63
Wyoming 0.095083343 0.722
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Table 19: R Studio Input Data for Section 4.1.3. Analysis

R Studio Input Data for Percent of Road Length Classified
as Rural and Rural Fatality Rate

2019_Percent_of

2019_5yr_average_

State _road_length_th )
- rural_fatality_rate
at_is_rural

Alabama 0.708 2.122
Alaska 0.822 1.818
Arizona 0.604 2.134
Arkansas 0.831 1.996
California 0.407 2.422
Colorado 0.765 1.678
Connecticut 0.264 1.34
Delaware 0.439 1.998
Florida 0.296 2.358
Georgia 0.593 1.834
Hawaii 0.369 1.194
Idaho 0.861 1.802
llinois 0.659 1.568
Indiana 0.687 1.764
lowa 0.889 1.308
Kansas 0.899 1.87
Kentucky 0.813 2.066
Louisiana 0.625 1.87
Maine 0.859 1.25
Maryland 0.420 1.064
Massachusetts 0.168 0.782
Michigan 0.689 1.428
Minnesota 0.836 0.946
Mississippi 0.831 2.072
Missouri 0.814 1.566
Montana 0.942 1.946
Nebraska 0.916 1.472
Nevada 0.782 1.832
New Hampshire 0.686 1.216
New Jersey 0.140 1.404
New Mexico 0.843 1.324
New York 0.563 1.54
North Carolina 0.612 2.1

North Dakota 0.967 1.456
Ohio 0.614 1.47
Oklahoma 0.835 1.908
QOregon 0.808 1.948
Pennsylvania 0.599 1.666
Rhode Island 0.227 1.214
South Carolina 0.692 2.568
South Dakota 0.960 1.568
Tennessee 0.669 1.902
Texas 0.652 2.094
Utah 0.747 1.336
Vermont 0.895 0.984
Virginia 0.645 1.762
Washington 0.698 1.418
West Virginia 0.828 1.846
Wisconsin 0.793 1.17
Wyoming 0.905 1.522
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Table 20: R Studio Input Data for Section 4.2.1. Analysis

R Studio Input Data 2019 percent of total fatalities that
had unrestrained passenger and the 2019 observed seat

belt use

2019 (5 year rolling
averge) percent of
total passenger

2019 S-year rolling
average observed

State i percent of
vehicle occupant
- observed seatbelt
fatalities that were

unrestrained use
Alabama 0.533 0.924
Alaska 0.472 0.908
Arizana 0.486 0.876
Arkansas 0.490 0.788
California 0.309 0.964
Colorado 0.529 0.854
Connecticut 0.395 0.9
Delaware 0.443 0.914
Florida 0.423 0.9
Georgia 0.426 0.966
Hawaii 0.372 0.96
Idaho 0.547 0.832
Illinois 0.382 0.942
Indiana 0.386 0.93
lowa 0.396 0.934
Kansas 0.470 0.84
Kentucky 0.528 0.882
Louisiana 0.495 0.872
Maine 0.487 0.878
Maryland 0.347 0.912
Massachusetts 0.517 0.78
Michigan 0.303 0.938
Minnesota 0.309 0.928
Mississippi 0.562 0.796
Missouri 0.577 0.84
Montana 0.630 0.814
Nebraska 0.548 0.83
Nevada 0.428 0.916
New Hampshire 0.684 0.71
New Jersey 0.403 0.926
New Mexico 0.475 0.918
New York 0.315 0.928
North Carolina 0.426 0.904
North Dakota 0.555 0.9186
Ohio 0.477 0.844
Oklahoma 0.489 0.86
Oregaon 0.264 0.962
Pennsylvania 0.503 0.864
Rhade Island 0.503 0.88
South Carclina 0.488 0.916
South Dakota 0.643 0.754
Tennessee 0.444 0.894
Texas 0.381 0.914
Utah 0.410 0.886
Vermont 0.490 0.858
Virginia 0.544 0.828
Washington 0.324 0.942
West Virginia 0.436 0.894
Wisconsin 0.404 0.884
Wyaoming 0.599 0.82
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Table 21: R Studio Input Data for Section 4.3.1. Analysis

R Studio Input Data Number of Emphasis Areas and Total
Fatality Rate
S Total number of [2019 5 yrrolling average
EA's for each state total fatality rate
Alabama 4 1.36
Alaska 3 1.384
Arizona 5 1.456
Arkansas 4 1.478
California 5 1.09
Colorado 5 1.144
Connecticut 3] 0.884
Delaware 9 1.202
Florida 17 1.426
Georgia 10 1.194
Hawaii 7 1.016
Idaho 11 1.35
Ilinois 5 0.972
Indiana 12 1.038
lowa 8 1.024
Kansas 8 1.29
Kentucky 5 1.556
Louisiana 4 1.524
Maine 17 1.06
Maryland 5 0.892
Massachusetts 6 0.562
Michigan 4 0.998
Minnesota 20 0.642
Mississippi 7 1.852
Missouri 4 1.206
Montana 4 1.53
Nebraska 7 1.126
Nevada 4 1.168
New Hampshire 10 0.886
New Jersey 6 0.754
New Mexico 10 1.376
New York 6 0.824
North Carolina 11 1.206
North Dakota 6 1.15
Ohio 14 0.972
Oklahoma 4 1.39
Oregon 4 1.306
Pennsylvania 3 1.136
Rhode Island 10 0.75
South Carolina 3 1.82
South Dakota 8 1.274
Tennessee 6 1.298
Texas 11 1.342
Utah 11 0.852
Vermont 11 0.824
Virginia 13 0.944
Washington 16 0.888
West Virginia 8 1.438
Wisconsin 10 0.508
Wyoming 9 1.254
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Table 22: R Studio Input Data for Section 4.3.2. Analysis

R Studio Input Data for SHSP Goal Aggressiveness and
Actual Reduction of Fatalities
Percent_reduction_i 2015-
State n_fatalities_goal_fo |2019_net_percent
r_SHSP _change
Alabama -0.139 0.167
Alaska -0.215 -0.027
Arizona -0.167 0.251
Arkansas -0.167 0.099
California -0.167 0.194
Colorado -0.15 0.218
Connecticut -0.15 0.032
Delaware -0.15 0.087
Florida -0.167 0.262
Georgia -0.167 0.275
Hawaii -0.097 0.177
Idaho -0.017 0.213
Ilinois -0.1 0.096
Indiana -0.317 0.097
lowa -0.167 0.091
Kansas -0.2 0.096
Kentucky -0.348 0.103
Louisiana -0.125 -0.016
Maine -0.167 0.238
Maryland -0.556 0.212
Massachusetts -0.167 -0.037
Michigan -0.03 0.1
Minnesota -0.41 0.025
Mississippi -0.25 0.063
Missouri -0.5 0.153
Montana -0.25 -0.016
Nebraska -0.198 0.112
Nevada -0.178 0.057
New Hampshire -0.192 0.271
New Jersey -0.14 0.012
New Mexico -0.167 0.185
New York -0.132 -0.099
North Carolina -0.156 0.131
North Dakota -0.375 -0.283
Ohio -0.02 0.15
Qklahoma -0.013 -0.04
Oregon -0.167 0.373
Pennsylvania -0.1 -0.112
Rhode Island -0.16 0.331
South Carolina -0.167 0.22
South Dakota -0.182 -0.245
Tennessee -0.136 0.172
Texas -0.518 0.025
Utah -0.25 -0.026
Vermont -0.1 0.173
Virginia -0.109 0.175
Washington -0.455 0.171
West Virginia -0.2 -0.029
Wisconsin -0.05 0.124
Wyoming -0.167 0.064
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APPENDIX F. R STUDIO OUTPUT DATA FROM K-MEANS CLUSTERING

Table 23: R Studio Cluster Group Output Data for All Analyses

Cluster Group from K-Means Analysis
4.1.2. 4,13, 4.2.1, 4.3.1, 4,
2 2

State 4
Alabama
Alaska
Arizona

=
5o

B
w

Arkansas
California

Colorado
Connecticut

Delaware
Florida
Georgia
Hawaii
Idaho
Illinois

Indiana
lowa

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York

North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
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APPENDIX G. SHSP EMPHASIS AREAS BY STATE

Table 24: SHSP Emphasis Areas by State

g =T
Other s &%
Driver Behavior (50} Ro achway Design {48} VRU {40) V”“”éf)‘o‘d Records(18)  Vehice  TOSCresh Technology Ed““)“”” Local (3) 5 PSS o1
Groups (11) g £
ER
‘?yé

e

s
& ag‘@c&‘
S S
g o
State ol * o~
[Minnesota [ B3 X XX X XX FAEE F NS X X X X 20 1
Florida X X x| x| x %X [ 3 XXX x| x XX X 17 6
aine % | x % % x| x x| x x| x % x X X X x| % 17 0
[Washington ¥ X [ x| x| x ¥ | % X ¥ | X [ x| x| ¥ X X X 16 6
[Ohio [ K3 X XX X x| X XX X X X 14 7
[virginia X % % x| x x| x x| x X X X X 13 8
[ncliana HE D ¥ [ % % | % %[ X X X X 12 6
[daho X K3 X XX [ B X X 11 5
[North Garolina [ K3 X XX i B XX X 11 5
[rexas % | x [ % % x| x x| x x| x X 11 5
® | x| % X X | % X X %[ % 11 1
X% X x| x x| x x| x X 11 5
X% % 3 x| x X x| x X 10 5
x| % % % | % x| x x| x 10 2
x| x X X X x| x XX 10 5
(K3 X XX x| x X X 10 5
x| % % % | % % x x H 10 5
[ B3 X x| x X X X 9 1
X X [ EI K X X (K3 9 6
x| x| % % w]x x| x 8 3
[sothDakota [ % ¥ ¥ %] % X %[ x 8 1
[West virginia__| X X X XX X X X 3 5
[Kanss X X %X X XX X 8 5
[Haveair % % % X X x X 7 5
[Nebrazks X X X X x| x 7 1
[Missizsippi X% X X X X 7 4
[Connecticut X % x| x x X 6 5
[Kentudcy X X[ % % X X 6 3
aryland X X% X X X 6 3
new York X X[ x| x X X 6 1
[North Dakota | X % % ¥ | % X 6 3
[Terneczee X X X I 6 5
[assachusetts X % [l X 6 5
[ew Tersey x [ x| x X % X 6 2
[Arizona HE B X X 5 1
California X X x| x X 5 3
Colarado x| x % 3 X 5 3
[inais HHE B X X 5 3
[Arkansas X[ % X X 1 3
o isiana (K3 X X 1 2
ichigan X X X X 2 2
[Missourt X K3 X 1 1
[Mortana X X X X 4 3
Nevada X % 3 X 1 3
[Oklahorma X x| % X 1 3
Oregon X X X X 1 1
[Alabarna X X X X 4 4
[lacka X X X 3 3
pernsyivania X X X 3 3
[So1th Carolina | X X X 3 3
Total Number of
Statesfor Each
EA 6 13 24 34 2 32 2 2 1 2829 5 1 2z 1 5 1310 4 1819 5 22 20 3 2 B 6 11 1 15 3 1 3 3 1 1 1 1 1 1 11 2 3 2 1 1

62



APPENDIX H. SHSP SAFETY PERFORMANCE GOALS BY STATE

Table 25: SHSP Performance Measure Goals

: T T
| state |sr|s|> Years| Easleness of goal to find Type of Goal T Goal (words taken from SHSP documents)
Misissippi Good 5 Fatalities 25% To reduce the number of trafic fatalities by 25% to 525 by 2023 (from 687 fatalities in 2015
Missourt Poor o Fatalities 0% [Reduce traffic fatalties by 50% by 20257277 This s implied on this page
[North Car 015023 Good 15.6% < by half by 2035, moving towards 7670 by 2050
enmsghvania|2022 2026 p— s Fotalios 0% :;‘ni:r(i‘:veiZ%Jnlvua\mdunnnfm fatalities and maintain level for suspected serious
Reduce fatalities by 50% by 2030; Reach fewer than 200 fatalities by the end of 2021, which
Utah 20202024 Fair 5 Fatalities 25% s 2 6.8% reduction in fatalites per year since 2017; Reduce the fatality rate 10 0.55 per
100MVMT by 2024
ontams I— cood ¢ Fatalites and Srious o ;{;d:(e Tatalities and serious injarics on Montana's roads by hall, from 952 in 2018 to 476 in
[Alabama 2017 2021 2 7 Fatalities and Serious In 12.9% Reduce fatalities and serious injires by 50% by 2035
oo 0202023 - s Favalies and Srious o bl 15 educonn a3 crios i 30 o g or o
Reduce the number of fatalities and serious injuries on all public 0ads in Connecticat 15%
connecticut (2017201 Good o Fatalities and Serious Inj 15% by 2021 (this reduction will be measured between the 5-year moving average for 20102014,
and the 5-year moving average for 2017-2021)
Delaware’s 20212025 SHSP ovjective is 1o reduce fatalities and serious mjuries by 15% over
Delavare 20212025 Good 5 Fatalities and Serious Inj 15% the next 5 years to ultimately reach the goal of zero fatalities and serious injuries on
Delaware’s roadways
The goal is a 2%annual reduction of fatalities and serious injuries based on a 5-year rolling
linois 20222026 Good 5 Fatalities and Serious Inj 10% average. Therefore, the goalfor fatalites 5-year ralling average by 2026 is less than 958, and
the goal for serious injuries 5-year rolling average by 2026 i less than 9,434
Louisiana 20222026 Good o Fatalities and Serious In 12.5% [ 61501 0al of reducing fatalies and serious injuries by 0% between 2010 and 2030
N Reduce the number of fatalties and serious injuries by 50% by 2035, worki s0by
New Hampshire [2022-2026 Good 5 Fatalities and Serious Inj 19.2% s
Rhode Ishnd 20172022 2 5 Fatalities and Serious In] 16% Reduce fataliies and serious injiries by i
[iginia I— cood ¢ Fatalties and Serious n Too% ::;e:::::\“h, and severe injuries by hall by 2045 (an average decline of approximately 2
[vermont 2022 2026 Good 5 Fatalities and Serious Inj 10% Reduce fatalities and serious injuries in Vermont by 10 % during the 20222026 timeframe.
[The objective of the 2022 2026 WY SHSP & 1o achicve zero fatalities by 2050 and allimactly
west virginia (20222026 Good 5 Fatalities and Serious Inj 20% 2210 serious injuries on our raodways, by reducing fatalities and serious injuries 4% annually
over the nextfive years
- [— cood 5 Fatalities, Serious Inj, 1% For cach of the following categories - fatalties, serious injuries, and totalinjuries - reduce
LAY & 00 Injuries [occurrences by 14% over the next 5 years. This amounts to a 3% per year reduction.
o 1020 2004 ood 55 safety performance . 2% reduction goal across allfive measures (number of fatalities, number of serious injuries,
e 00 measures. fatality rate, serious injury rate, number of non-motorized fatalitios and serious injuries}
[Massachusets [7073-2027 Poor [No Date 16.7% [Target Zero Deaths and serious injuries on Toadways.
[ [—— roor — o7% = z:: B e e e e
The Florida SHSP sarves as plans and activt illimp and
Florida 20212025 Poor No Date 16.7% ol et o
y y:
[Georgia Fair No Date 16.7% [Stiiving Towards Zero Tinties for all road users in Georgia
- [Although Zero Fatalities i lowa's long term vision, the state ako recopnizes the need to
= (el e g L i S e e e
[Maine Good [No Date T6.7% t g goal s 1o drive safety peroftmance toward zero deaths.
[Arizona Good No Date 16.7% Reduce Traffic Fatalities on Arizona's Roadways
[Now Mexico Good No Date 16.7% Reduce fatalities and serious injuries for allusors on al New Mexico Roadways
- e - —— o7% aulure, improve. facilitate healthy and
use the best commute d invest strategically
[South Carolina_[2020-2024 Good No Date 16.0% Reduce fatalities and sorious infuries on all public roadways
[Wyoming 20202001 Good No Date 16.7% Reduce the frequency and severity of crashes in Wyoming.
(Goalta reduce traffc fatalties per 100 million VMT from 1122 (2016-2020 average fatality
armber for 5 safets rate) t0 0.90 fatalites per 100 million VMIT by 2026, reduce traffic serious injuries per 100
Nebraska 20222026 Fair “';‘ eriors safety 19.8% million VMT from 6.916 (2016-2020 average serious inj rate] 10 5.5 by 2026; reduce non-
perlormance measres motorist fatalities and serious injuries from 127 (2016-2020 average) to 110 fatalities and
ious injuries by 2026
mbor for 5 safety Uttimate goal of 7ero deaths; 2025 performance measures include target of 258 8 fatalities
Nevada 20212025 Good . v 17.8% or less, 823.4 serious injuries or less, a fatality rate of 0.893 or less, a serious injury rate of
periormance measures 2.792 or less, and 233.1 non-motorized fatalities and serious injuries or less
Reduce roadway fataliies from the 5 year moving average of 1,142 i 2015 10 992 by 2022;
Reduce the rate of roadway fatalities per 100 millon VM from the 5-year moving average
Number for 5 safety 07 0.89 in 2015 10079 by 2022; Reduce serious inuuries from the 5-year moving average of
7- G
fev: York 0172022 ood performance measures 132 11,547 in 2015 10 10,024 in 2022; Reduce the rate of serious injuries from the 5-year moving
average of 8.99 in 2015 1o 7.81 in 2022; Reduce non motirized fatalities and serious injuries.
from the 5 year moving average of 2,872 in 2015 10 2,493 in 2022
Fataltics held at or below 678 at the end of year 2016; fatalty rate (Fataliies per HMVMT) &
10 be held at or below 1.32 at the end of year 2016; serious injuries are to be held at or
umber for 5 safer below 14, 518 at the end of year 2016; serious injury rate (serious injuries per HMVMI) is to
Oktahoma 20132014 Good . v 13% be held at or below 30.20 at the end ofyear 2016; unrestrained occupant fatalities are to be
performance measures Iheld at or below 241 at the end of year 2016; fatalities involving alcohol are to be held at or
bclow 246 at the end of the year 2016; commercial motor vehicle collisions are the be held
at or below 4,341 at the end of the year 2016
Reduce the 5-year rolling average of serious mjuries 10 6,205 n 2022 (14.1% reduction over
2017 value); Reduce the 5-year rolling aberage of serious injury rate 10 6.16 in 2022 (35.9%
mbor for 5 safety reduction over 2017 vakue); Reduce the trend of increasing fatalites by not exceeding the
Tennessee  [2020-204 Good o 13.6% 2022 5-year projected rolling average of 1,165; Reduce the 5-year rolling average of fatality
performance measures rate to 114 in 2022 {13.6% reduction over 2017 value); Reduce the trend of increasing non-
motorized fatalities and serious injuries by not exceeding the 2022 5-year projected rolling
average of 716
By 2020, have a 5% reduction in number of fatalities 2% reduction each year), 5% reduction
umbor for 5 safety n the rate of fatalities per 100 million VMT (2% reduction each year, 10% reduction in
wisconsin ~ [2017-2020 Good e or e 5% number of serious injuries (5% reduction each year), 10% reduction in the rate of serious
performance measures injuries per 100 million YMT (5% reduction each year), and a 10% reduction in number of
non-motorized fatlites and non-motorized serious injuries (5% reduction each year)
ldaho 20212025 Good Number of Fatalities 17% Reduce the number of traffic deaths to 230 or fewer by 2025 (based on a 5-year average)
= e o T ———— o Z:: ::Es':vidav:r:gyz: D ;h:l“;zr‘\)/;;v moving average of fatality crashes over the period of
Prevent serious crashes on Kentucky's highways such that the annual number of deaths falls
Kentucky 2020 2024 Good Number of Fatalities 34.8% S TR
North Dakota 2015 2023 Good Number of Fatalites 375% [To reduce annual motor vehicle crash fatalities to fewer than 75 by 2025
For the 2022 revision of the SHSP, the targets are aligned with the Road Lo Zero direction by
the Texas Transportation Commission. The projections are based on the short-term target of|
fesas [ fair [t T 35 L% reducing fatalities to approximately 1,800 by 2035 and the long-term target of zero fatalities
by 2050.
Nurmber of Fatalities and Reduce fatalities from 974 in 2018 to 945 in 2022; Reduce suspected serious injures from
Michigan 20102022 Fai Serious Inj i 5,586 in 2018 t0 4,994 in 2022
Minnesota 20202024 Good ze“r'g:j";"“"“”s and 1% No more than 225 traffic deaths and no more than 980 serious injuries by 2025
Number of Fatalities and
South Dakota (20102024 Good Serius 182% 100 or fewer traffic fatalites by 2024; 400 orfewer serious injuries by 2024
Nurmber of Fatalities and Using a five year rolling average, the goal & to reduce fatalities from 79 n 2017 10 67 in
plaska 20182022 Good Serious Inj 2% 2022 and serious injuries from 292 in 2016 to 331 in 2022
[ioaty o] — F———— o Working together, we wil reduce the fataly rate from 7.2 10 6.5 faaliies per 100,000
population, or less, by 2024, with the uhimate goal of zero traffic deaths
T ¥ this fivex 7
Kansas 2020 2024 Good Number of Serious Inj Rate 20% X“iz";':'f:f'lgﬂ‘:“s';’nevv::l'd‘:":‘::‘zf’:m ;ﬂ';;’“"d Iejary crsh rate of fess than
Zera deaths in Maryland by 2030; my words: interim safety performance targets are set for
Maryland 20212025 Fair 0 55.6% each emphasis area to decrease the number of fatalities that are related to that emphasis
area by 2025
Gatitornia 20202024 Fair 1D 16.7% Establish a trend 10 reach zero fatalities and 2050
[Washington 20192023 Fair ) 45.5% z and roadways by2030
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