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EXECUTIVE SUMMARY 

The goal of this research is to assist the Utah Department of Transportation (UDOT) in 

identifying hot spots along Utah roads and implementing appropriate countermeasures. A new 

model named the Two-Output Model for Safety (TOMS) was created. While previous iterations 

of this research had two different models for segments and intersections, TOMS is a singular 

model that uses roadway and crash data to identify segments and intersections for analysis.  

The roadway and crash data files allow for an accurate analysis of crashes on Utah 

roadways. Roadway data is critical for characterizing segments and intersections, while the crash 

data is essential to assigning each specific crash to the correct portion of roadway. TOMS uses 

16 data files to create the combined crash and roadway data input for analysis. These include 12 

roadway files and four crash files. The TOMS compiling process begins with reading in the 16 

data files, TOMS then prepares the data files so that the format and contents are consistent, and 

then two different processes occur. The first process is to segment roadways based on five 

variables: average annual daily traffic, functional class, lanes, speed limit, and urban code. The 

second process is to assign the physical characteristics of the roadway to each individual 

intersection. When the segments and intersections have been created, TOMS outputs a segments 

file and an intersection file. These two files are used for the statistical analysis and are the “two 

outputs” referenced by the name of the model. 

With the assistance of the Brigham Young University statistics team, the segments and 

intersections are analyzed by both severity and total number of crashes occurring at the sites. An 

excess weighted risk score (EWRS) was developed to analyze the severity and number of crashes 

concurrently. The segments and intersections with the highest EWRS are marked as hot spots. 

The list of the top 10 hot spots by region for both segments and intersections are screened by 

UDOT, and subsequent reports are created from the screened list. A report compiler is then 

executed to create two-page reports which contain roadway and crash information organized in a 

manner that allows UDOT to see how many crashes are occurring at a site and the manner of 

collision for the crashes. 
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1.0 INTRODUCTION 

1.1  Problem Statement 

By combining roadway and crash data, both roadway segments and intersections can be 

analyzed across the state of Utah. These segments and intersections can then be evaluated by 

comparing the expected crash frequency to the observed crash frequency, and then 

improvements to those sites can be determined. Those areas with the largest difference between 

expected and observed crash frequency compared to similar sites are known as crash hot spots. 

Crash hot spots are the subject of a study of a joint effort between the Utah Department 

of Transportation (UDOT) and the Brigham Young University (BYU) Civil and Construction 

Engineering and Statistics Departments. Previous studies on this subject have resulted in the 

emergence of two tools to assist in the ranking of crash hot spots and proposing potential 

countermeasures. These are the Crash Analysis Methodology for Segments (CAMS) (Schultz et 

al., 2020) and the Intersection Safety Analysis Methodology (ISAM) (Schultz et al., 2018; 

Schultz et al., 2020). These tools were used to perform analysis of all crashes on highways 

within the state of Utah, the CAMS focusing on segments and the ISAM focusing on 

intersections. The tools were developed so that crashes do not overlap between the two tools. 

Technical reports were created with the results from both tools and sent to UDOT’s Traffic and 

Safety Division with roadway and crash information, as well as proposed countermeasures. 

The methodologies for CAMS and ISAM each used two different statistical models, one 

accounting for total crashes named the Prediction model, another accounting for severity of 

crashes, named the Severity model. The two statistical models have been used to identify hot 

spots but some of those identified in one model would not be identified in the other. These 

methodologies did not provide a way to analyze crash count and severity concurrently.  

To continue to assist UDOT in prioritizing safety budgets, major improvements to current 

methodologies were made within this research as well as the development of severity 

distributions to better identify crash hot spots. 
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1.2  Objectives 

The first goal of this research is to improve the CAMS and ISAM to allow them to be 

more effective in identifying hot spots and implementing countermeasures. CAMS and ISAM 

were built within a Macro-Enabled Workbook using Visual Basic for Applications (VBA) code 

to compile the data necessary to perform the analysis. These two models were rebuilt and 

combined as the Two-Output Model for Safety (TOMS) in R. R is a programming language built 

for statistical computing that allows for more efficient and consistent data management resulting 

in this singular model. The creation of TOMS ensures tool improvements are incorporated 

including adjustments to hot spot analysis, changes to ranking procedure of sites, and 

modifications to the “intersection related” criteria using UDOT guidelines.  

Another goal of this research is to develop segment and intersection severity 

distributions. Previously, the CAMS and ISAM models provided rankings based on total crashes 

and injury crashes separately. The new Joint Statistical Model (JSM) creates a single ranking that 

compares the number and severity of observed crashes to the expected crashes. The results from 

the JSM are used in developing segment and intersection severity distributions which are 

delivered to UDOT to assist in analyzing Utah roads. 

UDOT provided the most recent roadway and crash data for this research including the 

biannual asset inventory data, and the real-time updates of crash data. Hotspot rankings use this 

data in TOMS and the JSM. Reports generated from the hot spot analysis will help the UDOT 

regions determine which high-risk areas need to be prioritized. Before the reports were 

submitted, they were screened by UDOT’s Traffic and Safety Division, and only reports for 

suitable sites are delivered to the regions. 

1.3  Scope 

The scope of this project was to combine the existing CAMS and ISAM within TOMS, 

and also, combining the Prediction and Severity Models into the JSM that can analyze crash 

count and severity concurrently and provide segment and intersection severity distributions 

requested by UDOT. The data from the TOMS is input into the JSM, and the results are input 
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into the report compiler to generate two-page reports for sites selected by UDOT to deliver to 

their respective regions. 

1.4  Outline of Report  

The body of this report is organized in the following manner. 

• Chapter 1 introduces the research topic, objectives, scope, and report outline. 

• Chapter 2 provides a literature review exploring topics connected to the research as 

well as a discussion on previous BYU-UDOT traffic safety research. 

• Chapter 3 details how data were acquired and used for the research. 

• Chapter 4 outlines the data evaluation process including discussion on the R 

processes used to create input files for the statistical model. 

• Chapter 5 gives a description of the statistical model used in the research. 

• Chapter 6 describes the report compiler from which the technical reports for hot spot 

sites are generated as well as the process that creates them. 

• Chapter 7 analyzes and summarizes the results of the research. 

• Chapter 8 gives concluding remarks including a review of the TOMS and a brief 

discussion on future research topics. 

• The chapters are followed by a References section. 
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2.0 LITERATURE REVIEW 

2.1 Overview 

A literature review was performed to understand and evaluate the existing methods of 

network screening used for highway safety analysis. These methods provide insights into how to 

improve and expand network screening methods for Utah roadways. The first section of the 

literature review discusses the network screening steps given in the Highway Safety Manual 

(HSM) (AASHTO, 2010). The next section discusses the evaluation of segmentation methods. 

This is followed by a discussion on ranking sites with potential for safety improvement based on 

their severity ranking. Finally, the last section summarizes previous BYU-UDOT research efforts 

on segment and intersection safety analysis. 

2.2 Network Screening 

The HSM published by the American Association of State Highway and Transportation 

Officials (AASHTO), defines network screening as “the process to realize a reduction in crash 

frequency with implementation of countermeasures” (AASHTO, 2010). Network screening 

arises from the need to use limited funds for safety improvement as effectively as possible. It is 

also the first step in the roadway safety management process as described in the HSM and as 

illustrated in Figure 2.1. The roadway safety management process relies first on network 

screening to determine which sites need evaluation. After diagnosis, proper countermeasures can 

be selected and appraised to determine the financial cost of such implementation and limited 

funds can be properly allocated. 

The BYU-UDOT model contributes to network screening because it is used to evaluate 

crash data on the entire network of Utah highways. The model can assist in other steps of the 

roadway safety management process but does not replace the work of transportation 

professionals in these areas. For example, the existing model provides a list of useful 

countermeasures for each of the top-ranked sites, but local traffic and safety personnel must 

determine the best countermeasures for a specific site. Furthermore, network screening can be 
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performed automatically using modeling techniques whereas other steps in the roadway safety 

management process require more subjective review. 

 

Figure 2.1 Schematic of Roadway Safety Management Process (AASHTO, 2010) 

Network screening methodologies are often more generally called “hot spot 

identification” methodologies (Lyon et al., 2007; Sims and Somenahalli, 2010). In the literature, 

this term is used somewhat interchangeably with “network screening” to emphasize the purpose 

of identifying sites that stand out for their potential for safety improvement (PSI). These sites are 

often called “hot spots” or “black spots” as well as “sites with potential for safety improvement.” 



 

7 

The HSM outlines five steps which constitute network screening: 1) establish focus, 

2) identify network and establish reference populations, 3) select performance measures, 

4) select screening method, 5) screen and evaluate results (AASHTO, 2010). Each of these steps 

are described in the following subsections as they pertain to the project. 

2.2.1 Establishing Focus for Network Screening 

The first step of network screening, establishing the focus, involves defining which sites 

have PSI. The HSM defines these in two ways; sites that would benefit most from general 

countermeasures, and sites that would benefit from a specific countermeasure (AASHTO, 2010). 

The advantage of defining a specific countermeasure is that it allows transportation officials to 

use funds appropriated for a specific type of safety improvement (e.g., a rumble strip 

implementation program). The HSM does not give much specific instruction on how to do this, 

but some researchers have explored the possibility of identifying sites with a high proportion of 

specific crash types rather than total crashes. This method would be helpful for identifying sites 

that would benefit from specific countermeasures because of the assumption that specific 

countermeasures can prevent specific crash types. Unfortunately, due to regression to the mean 

(RTM), this method tends to return less accurate results since there is a reduced amount of data 

from counting only specific crash types. However, this may still be a viable option to include in a 

network screening model for those who want to determine where a specific crash type will be 

most prevalent. 

2.2.2 Identifying Network and Establishing Reference Population for Network Screening 

Step two of the network screening process involves separating crashes into networks 

based on whether they are intersection related or segment related. Previous research by BYU has 

explained this topic in detail, the results of which are included in this section (Schultz et al., 

2020). The HSM recommends that the engineer evaluate the characteristics of a crash to 

determine whether the crash was related to the intersection or the segment. The HSM defines 

intersection crashes as any crash within 250 feet of an intersection. The HSM further explains, 

“However, not all crashes occurring within 250 feet of an intersection can be considered 

intersection crashes because some of these may have occurred regardless of the existence of an 
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intersection” (AASHTO, 2010). Following this guideline, a radius of 250 feet may be used to 

search for intersection-related crashes, but it should not be the only criterion to define them. 

If an intersection-related crash report field is not available in the crash data, researchers 

typically define the segment crashes based on their distance from the intersection. For example, 

Mountain et al. (1996) and Cafiso et al. (2018) chose to measure approximately 65 feet (20 

meters) and 165 feet (50 meters), respectively, past the edge of the physical area of each 

intersection and removed all the crashes that occurred either in the intersection or within the 

measured distance. With only slight variation in methodology but using much larger radii, 

Borsos et al. (2016) and Ambros et al. (2017) both chose to measure a radius from the center of 

each intersection and removed all crashes within that radius. Borsos et al. (2016) used a radius of 

approximately 655 feet (200 meters), and Ambros et al. (2017) used a radius of approximately 

330 feet (100 meters). 

Some researchers have used combinations of crash type and recorded violation as criteria 

to define intersection-related crashes. In the segment crash analysis conducted by Pande et al. 

(2010), crashes with the following characteristics were removed: a left- or right-turn collision, an 

angle collision in combination with an improper turn, and an angle collision in combination with 

a failure to yield right-of-way. The HSM also gives the following examples for determining by 

the crash type whether it is a segment or intersection crash: rear-end crashes at the end of a queue 

of vehicles (intersection related), crashes involving a mid-block or driveway turn (segment 

related), and single-vehicle crashes involving adverse pavement conditions (segment related) 

(AASHTO, 2010). 

Previous BYU safety research has not been based on crash type. Although UDOT can 

determine whether the reporting officer considered a crash to be intersection related, this 

knowledge was not applied in the original ISAM. The ISAM uses a radius of influence based on 

the functional area of the intersection to decide which crashes are intersection related. The ISAM 

uses speed limit to define the functional area of the intersection. The values for the functional 

area are measured outward from the stop bar and range from 195 feet for intersections with 

approach speeds ≤20 mph to 1,320 feet for intersections with approach speeds ≥75 mph. All 

crashes marked as intersection related and within this functional area were used in the 
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intersection statistical model (Schultz et al., 2018). These values were derived from the Access 

Management Manual, 2nd edition, which splits the distance covered by the upstream functional 

area of an intersection into three parts: d1, d2, and d3—the respective lengths required for 

perception-reaction time, lane changing and deceleration, and queue length (Williams et al., 

2014). The values for d1 and d2 were taken from tables in the Access Management Manual, 2nd 

edition, and the average queue length was assumed to be 50 feet for Utah state routes (Schultz et 

al., 2018). 

2.2.3 Evaluating Performance Measures for Network Screening 

The third step in network screening, selecting performance measures, is where the 

network screening model is chosen. Performance measures are the criteria by which a site is 

considered to have PSI. The PSI is the difference between the observed crash frequency and the 

expected crash frequency. Network screening is an essential first step to narrow down the data to 

a reasonable number of candidate sites for mitigation. Although there is some uncertainty in 

saying that sites with the highest PSI will have the highest potential for improvement, it is 

reasonable to assume that the higher-than-expected number of crashes may be related to 

something an engineer might address. However, there are multiple performance measures which 

evaluate the expected number of crashes in different ways. The HSM lists many of these 

performance measures which can be used in network screening (AASHTO, 2010). 

Some of these performance measures don’t require crash data, meaning they can be used 

for roads that have no crash data or inaccurate crash data. However, when crash data are 

available, the most popular performance measures in the literature are “expected average crash 

frequency with EB [Empirical Bayes] adjustment,” and “excess expected average crash 

frequency with EB adjustment” (Gross et al., 2016). Additionally, some researchers have 

proposed performance measures not on this list which rely on spatial data. Among these are the 

“spatial autoregressive (SAR)” model (Gaweesh et al., 2019), and the “Getis-Ord Gi* statistic” 

which can be combined with a “random forest regressor” model (France-Mensah and O’Brien, 

2018; Li and Al-Mahamda, 2020). These methods are explained in more detail in the source 

material. Furthermore, Sims and Somenahalli (2010), and Lyon et al. (2007) discuss using the 

“excess proportion of specific crash types” performance measure to determine sites where a 
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specific countermeasure would be most beneficial. Some performance measures also weight 

crashes by severity which is a topic further discussed in Section 2.4 of this literature review. 

One of the biggest problems addressed by many performance functions, and discussed 

extensively in the literature, is the issue with RTM bias. Because crashes are rare and random 

events, it is common for crash frequencies to fluctuate over time at a given site. This problem is 

more pronounced when only short-term crash data are considered instead of long-term crash 

data, however it is not overcome by long-term crash data because the issues that impact crashes 

change faster than the time of observation. Additionally, since crashes are rare, there are many 

instances where a road may have zero crashes. This has the tendency to distort normal 

distributions when predicting future crash rates. It is instead more useful to use distributions that 

account for “excess zeros” such as the zero-inflated Poisson distribution. Another issue presented 

in the HSM is determining an “acceptable” number of crashes for a roadway, to know which 

roadways need the most improvement. This number is called a “performance threshold” in the 

HSM because roadways which exceed this threshold are deemed too dangerous. Table 2.1 lists 

whether various performance measures account for RTM bias and whether they include a 

performance threshold since these are significant factors of how effective performance measures 

are. 

2.2.4 Selecting Network Screening Methods 

The fourth step of the network screening process, selecting the screening method, 

describes how performance measures are applied to a network of roadways. The literature 

discusses several network screening methods which can be applied to the model. Of these, the 

HSM specifically mentions site ranking, sliding moving window (SMW), and peak searching 

(PS). Kwon et al. (2013) investigated the effectiveness of each of these methods as well as an 

additional method, continuous risk profile (CRP), and determined that some methods are better 

for different kinds of roadways than others. SMW, PS, and CRP are only used for screening 

segments because they use different processes to subdivide segments into smaller parts to find 

where the crashes are most concentrated. However, little attention is given to SMW, PS, or CRP 

in the literature and simple ranking is generally the most accepted method used, even for 

segments. This means that entire segments are ranked based on the total number of crashes on 

that segment. It is important to determine segments on a roadway network which are relatively 
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homogeneous. The process for defining segments is further explained in Section 2.3 of the 

literature review. 

Table 2.1 Stability of Performance Measures (AASHTO, 2010) 

Performance Measure Accounts for RTM Bias 

Method Estimates a 

Performance Threshold 

Average Crash Frequency No No 

Crash Rate No No 

Equivalent Property Damage Only 

(EPDO) Average Crash Frequency 
No No 

Relative Severity Index No Yes 

Critical Rate 
Considers data variance but 

does not account for RTM bias 
Yes 

Excess Predicted Average Crash 

Frequency Using Method of Moments 

Considers data variance but 

does not account for RTM bias 
Yes 

Level of Service of Safety 
Considers data variance but 

does not account for RTM bias 

Expected average crash 

frequency plus/minus 1.5 

standard deviations 

Excess Expected Average Crash 

Frequency Using SPFs 
No 

Predicted average crash 

frequency at the site 

Probability of Specific Crash Types 

Exceeding Threshold Proportion 

Considers data variance; not 

effected by RTM Bias 
Yes 

Excess Proportions of Specific Crash 

Types 

Considers data variance; not 

effected by RTM Bias 
Yes 

Expected Average Crash Frequency 

with EB Adjustments 
Yes 

Expected average crash 

frequency at the site 

EPDO Average Crash Frequency with 

EB Adjustment 
Yes 

Expected average crash 

frequency at the site 

Excess Expected Average Crash 

Frequency with EB Adjustments 
Yes 

Expected average crash 

frequency per year at the 

site 

 

2.2.5 Screen and Evaluate Results 

The final step of the network screening process, screen and evaluate results, refers to the 

process used to run network screening. Since state roadway networks generally constitute very 

large datasets, it is necessary to use computer programs to run the network screening model. In 

the case of the BYU-UDOT model, much of this analysis is done using the coding language, 

“R: A language and environment for statistical computing” (R), while the data management and 
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report creation is done in Microsoft Excel. Moreover, the BYU-UDOT network screening 

process is further described in Section 2.5 of the literature review. Alternatively, it is possible to 

perform network screening using only R since R is capable of statistical analysis as well as data 

management and report creation. Similar coding languages like Python may also be used for 

modeling based on the user’s preference. 

2.3 Evaluation of Segmentation Methods 

In addition to choosing an appropriate statistical distribution, it is important to separate 

crash data by roadway characteristics to create homogenous roadway sites. The process of 

separating by roadway characteristics is called segmentation. According to an investigation by 

Cafiso et al. (2018), the most significant factors that contribute to segmentation are the number 

of curves, length, and average annual daily traffic (AADT). The HSM recommends using 

AADT, number of lanes, curvature, lane width, shoulder width, median width and clear zone 

width for segmentation (AASHTO, 2010). 

Within the literature, the most common segmentation process was that of homogeneous 

segmentation. Table 2.2 shows a sampling of research teams that implemented a homogeneous 

segmentation into their crash analyses, including the variables that were used in the process. The 

starred values in the table represent characteristics that may be included in the HSM definition. 

The HSM defines a homogeneous segment as “a portion of roadway with similar average daily 

traffic volumes (veh/day), geometric design, and traffic control features,” and typically separates 

segment analyses by urban/rural and number of lanes (AASHTO, 2010). In this instance, the 

HSM is focusing on segmentation of a specific location with similar AADT prior to applying an 

established safety performance function; however, the concept is still applicable to other 

scenarios. In addition to the research cited in Table 2.2, Gaweesh et al. (2019) and Ogle et al. 

(2018) also performed roadway segmentation. The researchers did not use an original set of 

variables, but instead expressly stated that the AASHTO method was implemented and were thus 

not included in the table. 

The research performed by Schultz et al. (2020), referenced in Table 2.2, was performed 

on roadway and crash data from UDOT that covered the entire network of state routes. The 
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variables used in the segmentation process have been used in similar BYU research dating back 

to 2012 where BYU researchers established a framework for crash data analysis that included 

four roadway characteristics used for homogeneous segmentation: AADT, functional class, 

number of through lanes, and speed limit (Schultz et al., 2012). Beginning in 2013, the crash 

analysis research has included urban code as a fifth segmentation variable (Schultz et al., 2013). 

Table 2.2 Variables Used in Homogenous Segmentation Methods  

 Variables Used 

 (CCR = Curvature Rate; RHR = Roadside Hazard Rating) 

Source 
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AASHTO (2010) X * * * X  * * X * * 

Borsos et al. (2016) X X      X  X X 

Cafiso et al. (2010) X X     X    X 

Cafiso et al. (2018) X X  X  X X     

Kwon et al. (2013)     X    X   

Schultz et al. (2020) X  X  X   X X   

*Represent characteristics that may be included in the HSM (AASHTO, 2010) definitions 

depending on the roadway type and statistical validity 

2.4 Severity-Weighted Hot Spot Analysis 

One of the downfalls of most network screening methods is that they don’t account for 

the significance of high severity crashes. Most sources in the literature classify crash severity 

according to the KABCO severity (FHWA, 2017). Therefore, UDOT has adopted a similar scale 

using values 1 through 5. The two scales are shown side by side in Table 2.3 along with the 

UDOT severity descriptions. Crashes which rank between K and B on the KABCO scale and 3 

through 5 on the UDOT scale have a greater impact on society than other severities. Therefore, it 

is useful to weight these crash severities higher when performing hot spot analysis. Fortunately, a 

few of the performance measures listed in the HSM and shown previously in Table 2.1, as well 

as alternative methods, allow for some level of severity ranking in hot spot analysis. These 

include relative severity index, critical rate, and average EPDO crash frequency with statistical 

adjustment, as well as alternative methods using surrogate safety measures (SSMs) (Stipancic et 
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al., 2019). Additionally, the BYU-UDOT research team developed two models called the Crash 

Analysis Methodology for Segments – Severity (CAMS-S) and the Utah Intersection Crash 

Severity Model (UICSM) which attempt to rank sites based on their proportion of severe crashes, 

(ranked 3-5), to overall crashes (Schultz et al., 2020). This section of the literature review is 

dedicated to exploring these hot spot analysis methods in greater detail as well as the statistical 

methods used for modeling crash severity. 

Table 2.3 KABCO and UDOT Crash Severity Scales 

KABCO UDOT Severity 

K 5 Fatal Injury 

A 4 Suspected Serious Injury 

B 3 Suspected Minor Injury 

C 2 Possible Injury 

O 1 Property Damage Only 

 

2.4.1 Evaluation of Crash Severity Models 

In previous years, the BYU-UDOT team developed a crash severity model called the 

Utah Crash Severity Model (UCSM) for segments and the UICSM for intersections. This model 

evolved into the CAMS-S for segments and the updated UICSM for intersections but uses the 

same methodology for evaluating crash severity. The CAMS-S model was created to identify 

segments that may not necessarily have an unusually large number of crashes, but that have an 

unusually high proportion of injury crashes. In other words, the model answers the question, “If a 

crash was to occur on any segment, which segments are most likely to experience an injury 

crash?” This method works reasonably well for network screening, but it does not actually weigh 

crashes by their severity as recommended in the HSM. One method of severity weighting given 

in the HSM is to estimate the monetary cost associated with crashes of various severities. This is 

usually done by assigning an estimated cost of damages to each crash severity, and then 

assigning an EPDO score based on the relative cost to the average cost of property damage only 

(PDO) crashes. The HSM also discusses a few ways to model these weighted values. 

One way to model EPDO crashes is to apply the predictive method described in the 

HSM. This is reliable for modeling EPDO crashes because it uses statistical regression to 

account for RTM bias. Therefore, the only thing which sets this method apart from the predictive 
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method for total crashes is determining the weights of each crash severity. This is done by 

determining the average societal cost for each crash severity and dividing this with the average 

cost of PDO crashes. The actual weights for different crash severities may vary depending on 

location and the criteria used. Table 2.4 shows the weighted and unweighted crash costs given by 

UDOT for 2021 (UDOT, 2021a). This EPDO method has the advantage of giving a severity 

score to each roadway, but it has the disadvantage of ranking sites with a small number of severe 

crashes higher. This is the case for most severity-weighted ranking procedures, so it is valid to 

have separate models for total crashes and severity-weighted crashes. 

Table 2.4 Updated Crash Costs for Use in Benefit Calculations (2020 Dollars) 

Severity 
Severity 

No. 

Crash Cost 

Weighted 
Crash Cost 

Unweighted 

Unweighted 

EPDO 

K (Fatal) 5 $ 3,078,500 $14,010,300 828 

A (Sus. Serious Injury) 4 $ 3,078,500 $ 805,800 47 

B (Sus. Minor Injury) 3 $ 264,000 $ 264,200 16 

C (Possible Injury) 2 $ 148,000 $ 148,000 9 

O (PDO) 1 $ 17,000 $ 17,000 1 

KA (Severe) 5,4 $ 3,078,500 N/A 182 

KAB (Injury) 5,4,3 $ 806,700 N/A 48 

KABC (Anticipated 

Injury) 

5,4,3,2 

$ 415,100 

N/A 

24 

KABCO (Total Crashes) 5,4,3,2,1 $ 134,300 N/A 8 

 

2.4.2 Statistical Modeling of Crash Severity 

Part of analyzing hot spots is establishing an expected baseline for similar segments of 

roadway. This allows for identifying areas that have a lot of potential for improvement while 

distinguishing between segments and intersections of varying length, volume, and other such 

uncontrollable factors that could otherwise inflate crash frequencies. However, modeling crash 

severity presents an interesting challenge (Yasmin and Eluru, 2018). Because crash severity in 

the KABCO model ranges from PDO to fatal injuries in a series of ordered categories, the 

modeling is best served by an ordinal model rather than a nominal model (Rudolfer et al., 1995).  

There are numerous examples of ordinal models in the literature, and the Bayesian 

approaches are often used due to their ability to model spatially related data in a hierarchical 

way. The ordered logistic probit model is prominent among these models and has been used to 
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great effect in modeling crash severity (Hou et al., 2022). Additionally, researchers found that 

using a generalized logistic probit model with a Leroux conditional autoregressive prior 

increased model efficiency when predicting crash data due to its increased ability to model 

spatial correlation (Zeng et al., 2021). Another approach to modeling ordered data is the nested 

logit, which essentially branches the prediction from general categories to specific ones (e.g., the 

first step for predicting a crash within the KABCO framework might be to distinguish if it would 

be either a “KA” crash or a “BCO” crash, then distinguishing if it was a fatal crash or a major 

injury crash). This has been used successfully in the literature at large (Chen and Shen, 2018), 

yet another way of predicting ordinal data lies in a model averaging approach that combines the 

two models to obtain a more robust and generally accurate model. Chen and Shen (2018) 

contend that model selection itself contains uncertainty, and that by averaging using a model 

averaging approach smooths that out somewhat and provides better estimates overall, which has 

been supported empirically. This approach adds a layer of complexity that is difficult to 

implement. 

2.4.3 Using Joint Crash Count and Severity Models 

When modeling crash counts and severity, a model that calculates both at the same time 

while introducing a correlation term between the models can be useful. Recently, such an 

approach to modeling has been used to great effect to improve upon previous models utilizing 

negative binomial crash count models and ordered logit fractional split severity models (Afghari 

et al., 2020; Yasmin and Eluru, 2018). This approach results in more accurate crash counts of 

both total and severity-specific crashes compared to common models that don’t use the 

correlation term (Afghari et al., 2020; Yasmin and Eluru, 2018). However, the proportions of 

severity crashes didn’t show significant differences, and might be worse than if the severity were 

calculated otherwise (Yasmin and Eluru, 2018). It is possible that other widespread models could 

be used in order to achieve higher levels of accuracy for severity proportions. 

2.4.4 Using Crash Type in Severity Modeling  

Sometimes it is useful to perform hot spot analysis with regards to crash type as well as 

severity. One useful application of modeling crash type comes from the first step of network 

screening, establishing the focus. The HSM explains this step as deciding whether to perform hot 
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spot analysis for sites that would benefit most from general countermeasures, or sites that would 

benefit most from a specific countermeasure. The advantage of defining a specific 

countermeasure is that it allows transportation officials to use funds appropriated for a specific 

type of safety improvement (e.g., a rumble strip implementation program). Some researchers 

have explored the possibility of identifying sites with a high proportion of specific crash types to 

achieve this. This method is helpful for identifying sites that would benefit from specific 

countermeasures because of the assumption that specific countermeasures can prevent specific 

crash types. Unfortunately, due to RTM bias, this method tends to return less accurate results 

since there is a reduced amount of data from only counting specific crash types less (Gladence et 

al., 2015; Lyon et al., 2007; Srinivasan et al., 2016). However, modeling crash types is still a 

viable option for network screening and has other applications as well. For example, there is 

often a correlation between crash type and crash severity, as some crash types are more severe 

than others. This means that crash type is a useful variable to consider in severity models for 

network screening. 

With regards to the statistical approach to modeling crash types, there are various 

options. However, within the Bayesian framework the model that is best suited for data with 

many unordered classes in general is logistic regression (Gladence et al., 2015). This model has 

been applied to many situations and has proven to be useful (Held and Holmes, 2006). 

Additionally, it is likely superior to a maximum likelihood (ML) approach due to the relatively 

small dataset of each intersection, which has proved to be problematic for ML since results are 

likely to be biased due to the scarcity of data points (Albert and Chib, 1993). 

2.5 Previous Utah Safety Research 

Among the UDOT-contracted research performed at BYU are two methodologies related 

to the present research: the updated ISAM and the CAMS (Schultz et al., 2020). The following 

sections will describe these parts, give background on these two methodologies, and detail their 

connection to the present research. More detail on this research can be found in the UDOT report 

published by Schultz et al. (2020). 
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2.5.1 Crash Analysis Methodology for Segments 

CAMS was created in 2019 to model segment-related crashes. It is largely based on the 

Roadway Safety Analysis Methodology (RSAM) which was first developed by a BYU research 

team in 2016 and works in much the same way (Schultz, et al., 2016). However, while the 

RSAM analyzed the entire roadway network, CAMS specifically excludes intersection-related 

crashes thus only analyzing segment-related crashes. 

The three parts of the CAMS aim at identifying hot spots along Utah’s state route 

network based on crash data and segments of similar characteristics. First, the data are prepared 

into one cohesive file of segments, their characteristics, and the crashes pertaining to them; 

second, the segments undergo statistical analysis; and third, technical reports are created for 

high-priority segments.  

2.5.2 Intersection Safety Analysis Methodology 

First completed in 2018, the ISAM was developed to analyze and rank intersections with 

two or more state routes. It was updated in 2019 to include intersections between state routes and 

minor roads as well as using updated methods of intersection identification from UDOT. The 

general process is the same as the CAMS shown in Figure 2.2, except that segment-related 

crashes are excluded, and intersection-related crashes are analyzed (Schultz et al., 2020). 

2.5.3 Data Preparation 

The first part of the CAMS and ISAM was to prepare the data for statistical modeling. 

All the necessary data came from UDOT, most of which can be found on the UDOT Open Data 

Portal (UDOT, 2021b). 

The data preparation was done with the use of VBA programming, a basic language used 

within Excel to create macros and organize data. Four crash data files (Crash Data, Crash Rollup, 

Crash Location, and Vehicles) were combined into one file. The Crash Locations file was used to 

identify which crashes occurred on a state route and all other crashes were deleted. Information 

from the three other crash files were then attached to the remaining crashes by matching crash 

Identification Numbers (IDs) across the files. These files include criteria about whether a crash is 
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intersection related or not. These crashes were excluded from the CAMS while all other crashes 

are excluded from the ISAM. 

 

Figure 2.2 The CAMS process (Schultz et al., 2020) 

In addition, the CAMS uses six roadway characteristic data files to modify the crash data, 

(AADT, State Route Functional Class, Intersections, Lanes, Speed Limit, and Urban Code). 

These files are important for the segmentation method used in CAMS. For the ISAM, eight 

roadway data files are added to the crash data, (AADT, State Route Functional Class, 

Intersections, Lanes, Pavement Messages, Speed Limit, Urban Code). The input form used to 

begin both the roadway data preparation and the crash data preparation processes is shown in 

Figure 2.3 for the CAMS and Figure 2.4 for the ISAM. 
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Figure 2.3 Input form for CAMS data preparation 
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Figure 2.4 Input form for ISAM data preparation 

The data from the two new files, one containing crash information and the other 

containing roadway information, are then integrated together. Each segment or intersection is 

given a unique ID to distinguish it from the others and to allow for quick reference between files. 

Crashes are matched to segments and intersections based on the route and milepost at which the 

crash occurred, and crash totals are appended onto each line of roadway data. In addition, a 
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column is added to the crash data file that contains the ID of the segment or intersection with 

which the crash is associated. This final data preparation process results in two files: one 

containing detailed roadway information with associated crash totals and the other containing 

detailed crash information organized by associated segment or intersection. 

2.5.4 Statistical Analysis 

The second part of the CAMS and ISAM is to determine hot spots, or portions of the 

highway network that have observed significantly more crashes in a 5-year period than was 

predicted for that same time span. Four separate statistical analyses have been developed for this 

purpose: the Crash Analysis Methodology for Segments – Prediction (CAMS-P), the CAMS-S, 

the UICPM, and the UICSM. The CAMS-P and the UICPM predict how many crashes of 

specified crash severities (e.g., 3, 4, 5) are likely to occur at a segment or intersection, 

respectively, whereas the CAMS-S and the UICSM predict the number of injury crashes to occur 

at a segment or intersection based on the total number of crashes that occurred. Despite these 

differences, however, prediction and severity models have a lot in common. Both severity and 

prediction models take the same input (the detailed roadway information created in the data 

preparation process) and create predicted distributions of crashes for each segment or roadway. 

Furthermore, the observed number of crashes at each site is compared to the predicted 

distribution and associated with a percentile value within that distribution. The segments and 

intersections are then ranked according to the percentile values with a higher percentile value 

representing a greater safety concern. The resulting rankings are then used to determine which 

segments or intersections are of highest priority for safety improvements. 

2.5.5 Technical Reports 

The third part of the CAMS and ISAM is to create two-page technical reports for high-

priority segments and intersections. These are called Segment Safety Analysis Reports (SSARs) 

for the CAMS and Intersection Safety Analysis Reports (ISARs) for the ISAM. For the CAMS, 

this process begins with a few steps in the ArcMap geospatial software published by Esri (2019) 

to calculate roadway conditions such as grade, curvature, and number of signs per mile that are 

displayed in the SSAR. Python scripts compatible with ArcMap were written by the research 

team specifically for this purpose. 
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The process also includes using additional VBA code to populate tables found in the 

SSAR and ISAR. These tables display information about roadway characteristics, as well as 

historical and current conditions of the site, and a list of potential countermeasures. Once the 

automated steps have been completed, research analysts then use individual SSARs and ISARs 

and perform virtual site visits using online tools to gather more information on the background 

and current conditions of each segment. The user can choose how many top-priority sites to 

generate SSARs and ISARs for. They can also be generated for specific UDOT regions, 

counties, or the entire state. In typical years, SSARs and ISARs from the top 10 intersections and 

segments in each UDOT region have been presented to UDOT for further evaluation. 

2.6 Summary 

Network screening for determining sites with potential for safety improvement involves 

selecting appropriate performance measures and works best when using an effective statistical 

model to account for RTM in crash data.  

Sometimes it is helpful to account for the severity of crashes when performing network 

screening because higher severity crashes have a much more significant impact on society. The 

literature discusses many ways to do this. The ISAM and CAMS models only account for the 

ratio of high severity crashes to total crashes, they do not account for the weight of specific crash 

severities. The HSM discusses using EPDO to weight crashes by severity and allows for crashes 

of all severities to be considered. However, professionals focus on fatal and serious injury 

crashes more than other crashes. Roadways with low crash frequencies may be prioritized higher 

than roadways with higher crash frequency simply because they have more severe crashes. While 

this is still a useful measure of a roadway’s PSI, it should not necessarily dictate every safety 

focus. 

The literature also discusses several methods of identifying intersection- and segment- 

related crashes. The most common method is to use a set distance from the intersection, but this 

distance varies between studies. Alternatively, intersection-related crashes can be determined by 

using the approach speed limit to determine the range around the intersection for intersection-

related crashes. The literature also recommends using homogeneous segmentation so that 
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roadways can be compared to other roadways with similar characteristics, although the variables 

used for segmentation varied within the literature. 

In the past, BYU-UDOT research has created a model for total crashes (UCPM-UICPM) 

and for severe crashes (UCSM-UICSM). The UCSM-UICSM gives attention to severe crashes 

but does not weight them in comparison to less severe crashes. This literature review serves to 

find ways to improve the model so that it accounts for severity-weighted crashes. This review 

also identifies best ways to identify intersection-related crashes so that general improvements can 

be made to the BYU-UDOT model. 
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3.0 DATA COLLECTION 

3.1 Overview 

This chapter describes the various data files used, specifically detailing how they were 

acquired and how they were used within the research. There are two types of data used: roadway 

data which contains information on the physical characteristics of Utah roadways and crash data 

which contains information about all the crashes occurring on Utah roadways. Data relevant to 

the TOMS is used to distinguish specific roadway characteristics and create different segments 

or intersections, while data essential to the JSM assists in defining specific characteristics that 

similar segments and intersections share for the hot spot ranking. The following sections list in 

detail each of the 12 roadway files and four crash files used including the data they contain and 

how they were obtained. 

3.2 Roadway Data 

There are 12 roadway files used within the TOMS which are: Routes, AADT, Functional 

Class, Speed Limit, Urban Code, Lanes, Intersections, Medians, Driveways, Shoulders, Utah 

Transit Authority (UTA) Stops, and Schools. The UDOT Open Data Portal (UDOT, 2021b) 

provided seven of these files (Routes, AADT, Functional Class, Lanes, Medians, Driveways, 

Shoulders). The files are exported directly from the website reported on data from the new 

adjusted Linear Referencing System (ALRS) that UDOT implemented in the Summer of 2020. 

The Speed Limit, Urban Code, and Intersections files used in this research were provided 

directly from UDOT as they included additional data not accessible on the website. The Utah 

Geographic Information System (GIS) Data Portal provided the UTA Stops and Schools files. 

The 12 roadway data files will be discussed in more detail in the following sections. 

3.2.1 Routes 

The Routes data file is a list of all state and federal aid routes from UDOT. The data file 

includes information on the route name, direction, type, and beginning and ending mile points. 

The route files serve as a reference point for the other data files also on the ALRS, ensuring that 
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the beginning and ending mile points of the routes match up. A supplemental file provided by 

UDOT provided an extensive list of divided state routes with the corresponding mile points. 

3.2.2 AADT 

The AADT data file is a list of the all state and federal routes and their respective daily 

traffic volumes along with percentages of single-unit trucks (SUTRK) and combination-unit 

trucks (CUTRK) along each roadway. The data file reports AADT data from 1981 to 2020 and 

SUTRK and CUTRK data from 2010 to 2020. This data file was updated in the Summer of 2022 

and is on the ALRS. AADT is essential to the segmentation of roadways within TOMS as 

highlighted previously in Table 2.2.  

3.2.3 Functional Class 

The Functional Classification data file is a list of all the state and federal routes, the 

county the route is in, and a description of the grouping each route is in depending on their 

function. This data file was updated in the Summer of 2022 and is on the ALRS. Functional 

classification is essential to the segmentation of roadways within TOMS. 

3.2.4 Speed Limit 

The Speed Limit data file is a list of all the state and federal routes and the posted speed 

limit of each of the segments of the route. It was previously used to calculate functional area of 

intersections for the intersection models. This data file was provided by UDOT due to the 

updated data file on the ALRS not being available on the website. There were several missing 

speed limits along routes which were manually filled either from data provided directly from 

UDOT or using Google Streetview imagery (Google, 2023b). The speed limit is essential to the 

segmentation of roadways within TOMS. 

3.2.5 Urban Code 

The Urban Code data file is a list of all the state and federal routes within urban areas. It 

was provided directly from UDOT and is not accessible from the website. Utah Urban areas are 

as follows: Logan, Ogden-Layton, Provo-Orem, Salt Lake City, and St. George. In addition to 

the five urban areas the roadways may also be classified as small urban, rural, and unknown. 
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Each urban area has a unique five-digit code that is given to the roadways depending on their 

location. The urban code is essential to the segmentation of roadways within TOMS. 

3.2.6 Lanes 

The Lanes data file is a list of all the state routes and their lane configuration and count. It 

includes information for different lane types such as: auxiliary, through, deceleration, 

acceleration, turn, and passing. Along with this data it has the width of through lanes. This data 

file was updated in the Summer of 2022 and is on the ALRS. There were several missing counts 

of through lanes along routes which were manually filled either from data provided directly from 

UDOT or using Google Streetview imagery (Google, 2023b). The lanes data are essential to the 

segmentation of roadways within TOMS. 

3.2.7 Intersections 

The Intersections data file is a list of all the intersections on state routes. While data on 

the physical characteristics for non-state routes was limited, this data file did include the mile 

point of the intersection, traffic control type, UDOT region, and volume counts. UDOT 

requested that intersections be split up by signalized and unsignalized for the final rankings. 

Using the traffic control type, intersections were split up by signal type but all other data 

remained the same. Functional area for each intersection type was provided as well. The 

functional area and the “intersection involved” crash rollup field was used to determine which 

crashes were considered intersection related. This data file was provided directly from UDOT 

since the traffic count data were not accessible from the website. The intersection file is essential 

to developing the intersection model within TOMS. 

3.2.8 Medians 

The Medians data file is a list of medians and traffic islands on state routes as well as 

median/island type and length of median. This is a new data file to be included in the research 

and statistical model. This data file was updated in the Summer of 2022 and is on the ALRS. 

While not used for the segmentation of roadways due to the abundance of medians in the data 

file, these data are essential to the JSM. 
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3.2.9 Driveways 

The Driveways data file is a list of driveways along state routes and their width. This is a 

new data file to be included in the research and JSM. Driveway type and width are not 

considered but rather the number of driveways on each segment of roadway. This data file was 

updated in the Summer of 2022 and is on the ALRS. While not used for the segmentation of 

roadways due to the abundance of driveways in the data file, these data are essential to the JSM. 

3.2.10 Shoulders 

The Shoulders data file is a list of shoulders on state routes and their position and width. 

This is a new data file to be included in the research and statistical model. This data file was 

updated in the Summer of 2022 and is on the ALRS. While not used for the segmentation of 

roadways due to the abundance of shoulders in the data file, these data are essential to the JSM. 

3.2.11 UTA Stops 

The UTA Stops data file is a list of all UTA routes, their stops, and average weekday 

ridership. This is a new data file to be included in the research and statistical model specifically 

for the intersection model. The data file has been most recently updated August 2022. The 

presence of a UTA route near an intersection is used to inform the JSM. 

3.2.12 Schools 

The Schools data file is a list of all the locations of preschool and K-12 schools in the 

state of Utah. This is a new data file to be included in the research and statistical model 

specifically for the intersection model. This data was updated for the 2019-2020 school year. The 

presence of a school near an intersection is used to inform the JSM. 

3.3 Crash Data 

There are four crash data files used within TOMS which are: Crash, Location, Rollups, 

and Vehicle. The Crash file will be referred to as the crash Severity file within this report to 

avoid confusion with other crash files. UDOT provided these files directly along with a unique 
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crash ID for each file so that they can be joined for the analysis. While the unique crash ID 

pertains to an actual crash that occurred along Utah roadways this data was only used for crash 

safety analysis and not made available to the public. Each of the following subsections goes in 

detail about each of the specific crash files used. 

3.3.1 Severity Data 

The crash Severity data file is a list of crashes along with the manner of collision and 

crash conditions. Light, weather, roadway, junction, horizontal and vertical curves, and first 

harmful event are some of the attributes included in the file. Each of these attributes are assigned 

a code which corresponds to different conditions. This data file is essential for identifying the 

severity and manner of collision for each crash. 

3.3.2 Location Data 

The crash Location data file is a list of crashes along with their location. County, city, 

route, mile point, latitude longitude, and number of vehicles involved. This data file is essential 

to assigning each crash to a route or intersection and the corresponding UDOT region. 

3.3.3 Rollups Data 

The crash Rollups data file is a list of crashes along with specific details of the crash. 

Number of fatalities, number of injuries, pedestrian/pedacycle/motorcycle involvement, and 

intersection related are among the attributes included in the file. This data file is essential to 

determining primarily if crashes occur on segments or intersections as well as determining 

contributing circumstances to crashes. 

3.3.4 Vehicle Data 

The crash Vehicle data file is a list of each of the individual vehicles involved in the 

crash. Estimated speed, event sequence, travel direction, roadway description, and traffic control 

device description are among the attributes included in this file. This data file is essential for the 

report compiler. 
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3.4 Summary 

The roadway and crash data files are all essential to TOMS and allow for a robust 

analysis of Utah roadway segments and intersections and how crashes occur on these roadways. 

While the roadway data is critical in the segmentation process and describing the characteristics 

of segments and intersections, the crash data allows each individual crash to be assigned to its 

corresponding roadway for analysis. The compilation of roadways and crash data is described in 

the next chapter.
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4.0 DATA EVALUATION 

4.1 Overview 

This chapter describes how roadway and crash data from the previous chapter were 

screened and compiled to create an input file for the statistical model. In previous research, VBA 

macros were used within a Microsoft Excel Macro-Enabled worksheet referred to as the R 

Graphical User Interface (RGUI) workbook to merge all the data files. The RGUI in its entirety 

has been rebuilt in R, a free software environment for statistical computing. This chapter will 

describe the methodology within R as well as the required user input and processes used to 

compile the segment and intersection datasets and assign crashes to the datasets to create the 

input file for the statistical model. 

4.2 Methodology in R 

R is a free, open-source software that is a robust upgrade compared to the capabilities of 

Microsoft Excel. It allows for much more effective data handling and can integrate both comma-

separated values (.csv) files and shapefiles into the same data frame. Since it is built around the 

R language, it can be used to perform complex custom-created functions which greatly reduce 

the total time of the compilation process and the total amount of code needed. Previously, two 

different inputs were required to create the segments and intersections input files. Those two files 

can be created simultaneously within R without the need for extensive user input. The statistical 

model has historically been built in R, thus the switch to R allows for a computational seamless 

transition between the two models as they are built in the same programming language.  

4.3 TOMS Code  

TOMS is set up within R with six different files, one of these files is referred to as an R 

Markdown file from which code can be executed in a specific order. The other five files are R 

Scripts, and within them, contain the specific code that is executed. These scripts are meant to 

run in series and not parallel. The order they were listed in is the order in which they were run. 



 

32 

The following subsections go into more depth on each script and the processes that each script 

contains. The five scripts are as follows: Functions, Read In, Roadway Prep, Crash Prep, and 

Compile. 

4.3.1 Functions Script 

The Functions script contains all functions that were created by the BYU team to conduct 

the data compilation. Any function that did not already exist within R packages is listed within 

this script and is essential to the TOMS. There are various types of functions that needed to be 

created for the TOMS, which include: data prep, segment cleaning, AADT, ALRS correction, 

segment creation, combine, and simple computational functions.  

4.3.2 Read In Script 

The Read In script reads in all the necessary data for the TOMS. For the roadway data, 

various datasets were formatted to make sure only the segments of state routes and intersections 

along state routes were being analyzed. Unwanted attributes from each dataset were removed and 

the route names and mile points were adjusted to the same format. Unwanted attributes included: 

date that the data were collected, metadata describing who collected the data, and attributes that 

could be found from other data. Duplicated data were removed as well and only unique segments 

and intersections from each data file were kept. For the crash data, the various datasets were 

formatted to make sure each crash had its own unique crash ID. Unwanted attributes from each 

dataset were removed. Much of the removed data were either duplicates or metadata that did not 

apply for the analysis. 

4.3.3 Roadway Prep Script 

Twelve data files were used to create the roadway data files used for analysis. The 

extensive list of those 12 are outlined in the previous chapter along with the specific attributes 

used from each one. The following subsections outline the R process for combining roadway 

files, and the subsequent files that are created from the process. 
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4.3.3.1 R Process 

Figure 4.1 outlines the process to combine roadway files. The five data files used to 

create the homogenous segments and the file from which intersections were listed are 

individually noted, while supplemental data such as medians, driveways, shoulders, etc. are 

considered as “other data.” 

 

Figure 4.1 Outline of process to combine roadway files 

This roadway process produced a data file for both segments and intersections 

simultaneously. All data were read in and formatted to be combined as detailed in Section 4.3.2. 

After the “Filter Roadway Datasets” process selected the appropriate data for the analysis the 

“Combine Roadway Datasets” process began. This process varied for segments and intersections 

and the “Segment Roadway Data” process only applied to segments.   

For segments, the five principal segment datasets were merged to create unique segments 

for the analysis. Using the standardized formatting of state routes and mile points, the five 

principal datasets were combined into one. After the “Combine Roadway Datasets” process was 

finished, the “Segment Roadway Data” process began. If a variable from the five principal 

datasets changed along a segment then a new segment was created. Supplemental data were 
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added afterwards and were assigned based on the mile points of the segments. Adjacent 

segments that were homogenous were combined to simplify the analysis. Segments whose total 

length was less than 0.1 mile were combined with the adjacent segment that was most similar. 

Any missing data were filled in either manually with corrections provided by UDOT or 

estimated using the interpolation of the data of adjacent segments. Once the segment roadway 

file was pivoted for the five-year period of AADT data it was finished and ready to be combined 

with the crash data. 

For intersections, the intersections dataset was used and data from the five principal 

datasets used to create segments along with any other data were added to each of the 

intersections. The intersection file was merged with data from all other datasets to create the 

intersection roadway file. To facilitate assigning crashes to the intersection, an area of influence 

was determined by intersection type to provide a specific distance around intersections and 

crashes that fell within the distance would be assigned to the intersection. For example, any crash 

that occurs within 100 feet of an All Way Stop Control intersection would be assigned to that 

intersection. Table 4.1 provides a list provided by UDOT of the area of influence assigned to 

each intersection type. 

Table 4.1 Area of Influence of Intersections 

Intersection Type Area of Influence (ft) 

Signal Control 300 

Minor Leg Stop Control 150 

All Way Stop Control 100 

Yield Control 100 

Uncontrolled 100 

Roundabout 300 

Offset Left-Turn (CFI) 400 

Median Thru-U Turn 400 

R-Cut 400 

SPUI 500 

DDI 400 

Active Transportation Only 100 

Railroad Crossing 100 
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The area of influence was notated as Leg Distance within the data. Any missing data 

were filled in either manually with UDOT corrected data or estimated using data of intersections 

along the same route. After pivoting the intersections roadway file for the five-year period of 

AADT data, the file was finished and ready to be combined with the crash data. 

4.3.3.2 Final Roadway File 

The final roadway file for segments and intersections was formatted with five rows for 

each unique segment or intersection, with each row representing a different year of data. This 

allowed for crashes to be assigned to the respective site and year of where and when they 

occurred. Samples of the roadway files for both segments and intersections are given in Figure 

4.2 and Figure 4.3, respectively. 

 

Figure 4.2 Sample of segment roadway file 

SEG
_

ID

R
O

U
TE

B
EG

_
M

P

EN
D

_
M

P

LEN
G

TH
_

M
ILES

LEN
G

TH
_

FEET

FU
N

C
TIO

N
A

L_
C

LA
SS

R
o

u
teD

ir

R
o

u
teTyp

e

C
O

U
N

TY_
C

O
D

E

U
D

O
T_

R
egio

n

SP
EED

_
LIM

IT

TH
R

U
_

C
N

T

TH
R

U
_

W
D

TH

U
R

B
A

N
_

C
O

D
E

YEA
R

A
A

D
T

N
U

M
_

TR
U

C
K

S
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1 0006NM 0 0.2 0.2 940.53 Other Freeways and ExpresswaysN State Carbon 4 65 2 12 99998 2019 13017 3546

1 0006NM 0 0.2 0.2 940.53 Other Freeways and ExpresswaysN State Carbon 4 65 2 12 99998 2018 13351 2671
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2 0006NM 0.2 3.3 3.2 16679 Other Freeways and ExpresswaysN State Carbon 4 65 2 12 99998 2016 12738 2380
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Figure 4.3 Sample of intersection roadway file 

For segments, the beginning and ending mile points, segment length in miles and feet, 

functional class, route type, county, UDOT region, speed limit, through lane count, through lane 

width, urban code, AADT, and percent trucks was shown. These columns were taken directly 

from the five principal datasets shown previously in Figure 4.1. The segments are ordered by 

route number so that adjacent segments can be seen together as shown in Figure 4.2. The 

intersections file shows intersection ID, intersection description, intersection type, traffic control, 

leg distance, state route to state route, station, UDOT Region, longitude, latitude, elevation, 

primary route, secondary route, tertiary route, quandary route, quinary route, urban code, daily 

entering vehicles, million entering yearly vehicles, and daily entering trucks. Most of these 

columns came from the intersection file with the others coming from other datasets. The 

intersections are ordered by intersection ID. Both samples only show a fraction of the total data 

included in the file. Several other columns were present which were necessary for the final 

compiled file. Only the most important columns from the five major datasets are shown. 

4.3.4 Crash Prep Script 

Four data files are used to create the crash data files used for analysis. The four files are 

as follows: Severity, Location, Rollups, and Vehicle. They are outlined in the previous chapter 

along with the specific attributes used from each one. The following subsections explain the R 

process for combining the four crash files and explain the crash file for both segments and 

intersections. 
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6 4+ Leg Minor Stop 4-LEG INTERSECTIONSTOP SIGN - SIDE STREET150 NO 4483 - Delta4411 - Region 4 Maint Admin-113.758 39.06 5301.237 0006PM 1893PM 0006PM NA NA 99999 2019 415 0.15 200

6 4+ Leg Minor Stop 4-LEG INTERSECTIONSTOP SIGN - SIDE STREET150 NO 4483 - Delta4411 - Region 4 Maint Admin-113.758 39.06 5301.237 0006PM 1893PM 0006PM NA NA 99999 2018 412 0.15 199

6 4+ Leg Minor Stop 4-LEG INTERSECTIONSTOP SIGN - SIDE STREET150 NO 4483 - Delta4411 - Region 4 Maint Admin-113.758 39.06 5301.237 0006PM 1893PM 0006PM NA NA 99999 2017 409 0.15 197

6 4+ Leg Minor Stop 4-LEG INTERSECTIONSTOP SIGN - SIDE STREET150 NO 4483 - Delta4411 - Region 4 Maint Admin-113.758 39.06 5301.237 0006PM 1893PM 0006PM NA NA 99999 2016 399 0.15 192
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23 3-Leg Minor Stop 3-LEG INTERSECTIONSTOP SIGN - SIDE STREET150 NO 4483 - Delta4411 - Region 4 Maint Admin-113.03 39.173 4658.806 0006PM 1904PM 0006PM NA NA 99999 2018 369 0.14 188

23 3-Leg Minor Stop 3-LEG INTERSECTIONSTOP SIGN - SIDE STREET150 NO 4483 - Delta4411 - Region 4 Maint Admin-113.03 39.173 4658.806 0006PM 1904PM 0006PM NA NA 99999 2017 366 0.13 186

23 3-Leg Minor Stop 3-LEG INTERSECTIONSTOP SIGN - SIDE STREET150 NO 4483 - Delta4411 - Region 4 Maint Admin-113.03 39.173 4658.806 0006PM 1904PM 0006PM NA NA 99999 2016 412 0.15 210
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4.3.4.1 R Process 

Figure 4.4 outlines the process to combine crash files. The four data files used to create 

the complete crash file are individually noted.  

This crash process produced a data file for both segments and intersections 

simultaneously. All crash data began with the “Filter Crash Datasets” process from the Read In 

script which is detailed in Section 4.3.2. The “Combine Crash Datasets” process takes the four 

filtered data files and merges them based on crash ID. Crashes are assigned to the segments file 

by route and mile point and to the intersections file by latitude and longitude. The two crash files 

for segments and intersections were not pivoted as the crash datetime columns would be used to 

assign crashes to the respective year in the analysis period (2016-2020) along whatever segment 

or intersection they were assigned. In previous iterations of the research, the models to create the 

segment and intersection files were done separately, as was the process to assign crashes to 

segments or intersections. Within TOMS, all the crashes can be assigned at once to either 

segments or intersections. UDOT has outlined intersection-related criteria which is an essential 

part of the methodology to determine whether a crash is occurring at a segment or intersection. 

The following section describes these criteria in more detail. 

 

Figure 4.4 Outline of process to combine crash files 
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4.3.4.2 Intersection-Related Criteria 

Crashes within the data have an attribute called “intersection related.” If a crash is 

marked “intersection related” and falls within the intersection area of influence detailed in Table 

4.1, then that crash must be assigned to an intersection. Crashes that are not marked “intersection 

related” but fall within this area of influence are not assigned to intersections but are assigned to 

the segment in which they occur. Crashes that are marked “intersection related” but do not fall 

within the area of influence of an intersection within the data are assigned to segments. Using a 

spatial join with the area of influence serving as a buffer, crashes that have the “intersection 

related” attribute are assigned to intersections. 

4.3.4.3 Final Crash File 

The final crash file for segments and intersections was formatted in a way that each row 

represents a different crash. The year, location, severity, and number of vehicles involved is 

listed. These data were used to assign crashes to segments or intersections. Samples of the crash 

files for both segments and intersections are given in Figure 4.5 and Figure 4.6, respectively. 

 

Figure 4.5 Sample of segment crash file 
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11129125 12/21/2018 14:50 1 1 2 2 1 0 1 2 0 6 20 1 N 35 SANDY 0015PM M P 0 293 40.54591391 -111.8949944 1001

11130128 12/21/2018 16:16 1 1 1 2 1 0 1 1 0 6 20 1 N 35 DRAPER 0015PM M P 0 289 40.48500748 -111.8976574 996

11130295 12/21/2018 16:45 1 6 1 4 1 0 1 1 0 2 20 1 N 35 SALT LAKE CITY 0080NM M N 0 117 40.76481353 -111.9654991 2863

11174064 12/21/2018 19:31 1 1 1 2 1 0 1 1 0 6 20 1 N 35 MIDVALE 0015PM M P 0 297 40.60456979 -111.9045797 1010

11137268 12/21/2018 22:15 1 3 4 4 3 0 1 2 3 2 20 1 N 43 OUTSIDE CITY LIMITS0080PM M P 0 190 41.1809535 -111.1320243 3013

11130133 12/21/2018 22:30 1 2 1 96 1 0 1 1 0 2 39 1 N 35 MURRAY 0015NM M N 0 301 40.66415882 -111.9015232 729
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Figure 4.6 Sample of intersection crash file 

The segment and intersection data file includes crash ID, crash datetime, crash severity, 

various contributing factors, county, city, route, roadway type, route direction, ramp ID, mile 

point, latitude, and longitude. The only major difference between the two files is the inclusion of 

either a segment or intersection ID. Crashes were only counted as being on a segment or 

intersection. Both samples only show a fraction of the total data included in the file. Several 

other columns are present which were necessary for the final compiled file. Only the most 

important columns from the four crash datasets are shown. 

4.3.5 Compile Script 

A total of 16 data files were used to create the combined segment and intersection data 

files used for analysis. The extensive list of those 16 are outlined in the previous chapter along 

with the specific attributes used from each one. The following subsections outline the R process 

used to combine the roadway and crash files and describe the final output file which serves as the 

statistical input. 

4.3.5.1 R Process 

Figure 4.7 outlines the process to combine the roadway and crash files. While the 

individual files used are not all noted, the previous figures provide a more detailed description of 

specific data files used.  
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11128323 12/21/2018 17:03 1 6 2 3 1 20 1 1 0 5 20 1 N 35 SOUTH JORDAN 0068PM M P 0 46 40.57315552 -111.9386459 3303

11132152 12/21/2018 17:55 1 3 1 2 1 20 1 1 0 2 20 1 N 35 TAYLORSVILLE 0173PM M P 0 7.8 40.65301553 -111.9295866 8125

11128687 12/21/2018 20:41 1 2 2 4 1 21 2 1 0 5 20 1 N 43 PARK CITY 0224PM M P 0 6.1 40.66039904 -111.5096562 9390

11128682 12/22/2018 9:07 2 1 1 96 1 20 1 1 0 5 22 1 N 11 CLEARFIELD 0193PM M P 0 4.2 41.1035277 -112.0069197 8721

11128684 12/22/2018 9:29 2 1 1 2 2 0 1 1 3 4 20 1 N 11 LAYTON 0126PM M P 0 1.8 41.07361259 -111.9797975 6609

11133205 12/22/2018 10:27 2 1 1 1 1 20 1 1 0 4 20 1 N 35 WEST JORDAN 0209PM M P 0 8.7 40.58775224 -111.9577947 9059
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Figure 4.7 Outline of process to combine roadway and crash files 

This final combining process produced a data file for both segments and intersections 

simultaneously. Figure 4.7 shows the entire process which includes much of the information 

shown previously in Figure 4.1 and Figure 4.4. The “Assign Crashes to Roadway Segments” 

process took the roadway files and crash files and the location data provided in them and 

assigned crashes to all segments and then all intersections. This part of the process only assigned 

location, severity, and vehicle data to each site. Crash attributes were added by looking at the 

crash IDs associated with each site and provided the number of crashes that contained those 

attributes. Crash attributes were assigned to the segments and intersections file. The two 

combined files were then exported into a .csv file that was used for the statistical analysis. 

4.3.5.2 Final Combined File 

The final combined file for segments and intersections was formatted in a way that there 

are five rows for each unique segment or intersection, with each row representing a different year 

of data. Crashes were assigned to the respective site and year of where and when they occurred. 

The attributes of the site were listed along with the total number of crashes, total crashes per 

severity, and crash characteristic data. Samples of the combined files for both segments and 

intersections are shown in Figure 4.8 and Figure 4.9, respectively. 
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While the roadway data for segments and intersections differs, the addition of crash 

columns is exactly the same for both. The total number of crashes for each severity along with 

total crashes for each year of the respective segment or intersection are shown. Both samples 

only show a fraction of the total data included in the file. Several other columns are present 

describing other contributing roadway and crash characteristics which were necessary for the 

statistical analysis. Only the most important columns from the five major datasets and four crash 

datasets are shown. 

 

Figure 4.8 Sample of compiled segment crash and roadway file 

 

Figure 4.9 Sample of compiled intersection crash and roadway file 
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4.4  Summary 

Sixteen data files are used to create the combined crash and roadway data files used for 

analysis. Twelve contain roadway data while the other four contain crash data. The entire process 

is conducted from an R markdown file which requires that the following occur in a specific 

order: first, the functions are sourced; second, the data is read in; third, the data preparation script 

is run; finally, the compiling script is executed. Two output files are created from the process: a 

segments file, and an intersection file. These two files are for the statistical analysis portion 

which will be described in the next chapter. 
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5.0 STATISTICAL ANALYSIS 

5.1 Overview 

This chapter summarizes the statistical analysis to determine roadway hot spots in Utah. 

In previous research, two separate models, a prediction and severity model were used for the hot- 

spot ranking procedure. This current iteration uses an estimated monetary cost associated with 

crashes to account for the significance of high severity crashes on roadways. With the addition of 

an excess weighted risk score (EWRS) based on the unweighted crash cost, the two previous 

models in this current iteration are improved and combined. Within this chapter, the phrase 

“roadway site” will be used to refer to both segments and intersections. The count model looks at 

the total number of crashes occurring at a roadway site. The severity model looks at how many 

of the total crashes are severe at a roadway site. The chapter also discusses how the two models 

are used to rank roadway sites and the final output given to create the two-page reports. 

5.2 Count Model 

The count model is the current iteration of the previous prediction model. It is an 

improvement because the crash count and crash severities are jointly modeled. This count model 

is derived from the techniques described in the literature where a joint model was used to 

identify road segments with high risk of fatal and serious injury crashes (Afghari et al., 2020). 

The count model is a negative binomial regression model. The functions used within this model 

are shown in Equation 5.1. 

𝑋𝑖𝑗~𝑁𝐵(𝜇𝑖𝑗 , 𝑟)      

    𝑷(𝑿𝒊𝒋 =  𝒙) = (
𝒙+𝒓−𝟏

𝒙
) (

𝝁𝒊𝒋

𝝁𝒊𝒋+𝒓
)

𝒙

(
𝒓

𝝁𝒊𝒋+𝒓
)

𝒓

      (5.1) 

log(𝜇𝑖𝑗) = 𝐰𝐢𝐣𝜷 + 𝐮𝐢𝐣𝜸  

Where: 

i = Number of years; 

j = Roadway site (segment/intersection); 

Xij = Total number of crashes at a site; 
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μij = Mean number of crashes at a site; 

r = Dispersion parameter; 

wij = Attributes of the site used to estimate crash counts; 

β = Average effects of the attributes in wij on the mean (subset by urban 

code); 

uij = Attributes of the site used to estimate both crash counts and crash 

severity; 

γ = Average effects of the attributes in uij on the mean. 

The count model looks at roadway and crash attributes that contribute to the total number 

of crashes occurring at roadway sites with similar characteristics. The number of crashes for 

roadway sites with certain characteristics is predicted. The number of crashes is converted to an 

EWRS, and, using the total number of crashes that occur at the roadway site, the actual EWRS is 

compared. This comparison is used in the final ranking. 

5.3 Severity Model 

The severity model is an improvement of the previous severity model used. The severity 

model is an ordinal multinomial model. The functions used within this model are shown in 

Equation 5.2. 

𝐏(𝒀𝒊𝒋 <=  𝒚) = 𝝎(−𝝆𝒊𝒋 + 𝜽𝒚)       (5.2) 

𝜌𝑖𝑗 = 𝐳𝐢𝐣𝜹 + 𝐮𝐢𝐣𝜸  

Where: 

i = Number of years; 

j = Roadway site (segment/intersection); 

Yij = Severity of a crash at a site; 

ω = Standard cumulative logistic function; 

ρij = Latent variable used to estimate severity; 

θij = Adjustment to the intercept for severity y; 

zij = Attributes of the site used to estimate crash severity; 
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δ = Average effects of the attributes in zij on the latent variable. 

uij = Attributes of the site used to estimate both crash counts and crash severity; 

γ = Average effects of the attributes in uij on the latent variable (subset by urban 

code). 

The severity model analyzes roadway and crash attributes that contribute to the different 

severities of crashes occurring at roadway sites with similar characteristics. The severity of 

crashes for roadway sites with certain characteristics is predicted. The crashes are converted to 

an EWRS which is used in the final ranking. 

5.4 Ranking 

The joint model is run for both segments and intersections using the statistical input 

created from combining the roadway and crash data. The sites are compared by their EWRS 

based on the joint count and severity model. The EWRS from the joint count and severity model 

are used and those roadway sites with the highest EWRS are ranked the highest. 

5.5 Statistical Output 

After the statistical analysis is complete, a list of all segments and intersections is created 

with the ranking of all sites and output as a .csv file. The lists of top 10 segments, signalized 

intersections, and unsignalized intersections by region are generated for UDOT. These lists can 

then be screened with reports generated as explained in Chapter 6.   

5.6 Summary 

Severity is an important factor when creating a hot spot analysis. Instead of using two 

different models, one accounting for total number of crashes and another for the total number of 

severe crashes, the two models were combined using an EWRS. All segments and intersections 

are analyzed using this method. Those with the highest EWRS are marked as hot spots that can 

be screened by UDOT as outlined in the next chapter. 
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6.0 REPORT COMPILER 

6.1 Overview 

This chapter goes over the report compiler that creates two-page reports of the top 10 hot 

spots for UDOT region engineers. While the report compiler itself has not changed from 

previous iterations of the research, it will be detailed within this chapter. It is noted that the 

feasibility of a Dashboard in R was explored as part of this research to replace the two-page 

reports. Although the Dashboard has potential for future applications, the Technical Advisory 

Committee chose not to pursue it further at this time. The report compiler uses the statistical 

input file and a parameters file to create roadway site reports that describe the crashes that occur 

at the site as well as possible countermeasures. The two-page reports are provided to UDOT 

Traffic and Safety and then forwarded on to the regions. The following sections describe the 

parameters file, the report compiler, the two-page reports for both segments and intersections, 

and each page of the reports for both. 

6.2 Parameters File 

The parameters file was previously created alongside the combined roadway and crash 

files within the CAMS and ISAM (Schultz et al., 2020) in VBA but now in R. The parameters 

file is created after the statistical analysis to assist in the creation of the two-page reports. The 

primary difference between the statistical output and the parameters file are that while the 

statistical output includes all the roadway characteristics and crash statistics, the parameters file 

includes specific details of each crash that occurred at each roadway site. This parameters file is 

somewhat redundant as within R all the data could be provided in one file. Since the report 

compiler was unchanged, the parameters file is necessary to create the two-page reports. 

6.3 Report Compiler 

As previously stated, the Report Compiler was not updated and is accessible as a Macro-

Enabled Workbook. Within this workbook, the creation of reports for both the top ranked 
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segment and intersection sites can be completed. Figure 6.1 shows the main sheet from which the 

report compilation process is conducted.  

 

Figure 6.1 Report compiler main sheet 

The “Start Macros” button leads to the prompt shown in Figure 6.2 which allows for the 

selection of report type whether that be for segments or intersections.  

 

Figure 6.2 Report type selection 

Report Compiler

To start, click the "Start Macros" command button.

A progress screen will appear and update the user on the progress.

The purpose of this compiler is to assist with the completion of safety analysis reports, as 

part of the Two-Output Model for Safety. This automated step is intended to be combined 

with the analysis of engineering judgement, not to replace engineering judgement.

The "BlankReport" worksheets provide outlines of the different reports. Caution should be 

taken before changing the format of the report, as the VBA automation tools are calibrated 

to this specific layout.

The "Key" worksheets contain the key for the crash data, region data, and possible 

countermeasures for different report types. Caution should be taken before changing the 

format of these sheets, as the VBA automation tools are calibrated to this specific layout.
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Following this prompt, the parameters file along with the statistical output must be 

selected to begin the report compilation process. Figure 6.3 and Figure 6.4 show the prompts that 

follow depending on the selection of the segment or intersection report type from Figure 6.2.  

 

Figure 6.3 Segment selection form 

 

Figure 6.4 Intersection selection form 

From these prompts, the number of reports created, and the ranking can be adjusted. For 

this research, the top 10 reports for each region are created and are ranked by the highest scores 
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across the entire state. After the selection process, the reports are generated. The following 

section details the reports and the information they contain. 

6.4 Two-Page Reports 

The two-page reports are the final output of TOMS. While the report compiler has not 

been transitioned to R like the rest of the current model, it is an integral part of the research that 

allows the UDOT regions to prioritize funding and establish effective countermeasures to use 

and potentially save lives. The following subsections detail the different reports for segments and 

intersections and the information generated on each page organized by the page of the report 

(page one and page two). 

 

6.4.1 Segments 

The purpose of the segment report is to summarize and present preliminary results from a 

safety-specific microanalysis on an identified segment of interest. The report includes 

information on segment metadata, characteristics, crash data, historical/current conditions, and 

possible countermeasures, all of which will be discussed in the following subsections. 

6.4.1.1 Page One 

Figure 6.5 shows the first page of the two-page reports that are sent to UDOT regions 

regarding segments that were within the top 10 of the hot spot ranking. There are six tables 

which are filled through the report compiler that are presented on the first page.  

The first three tables contain roadway information. Table 1 describes the location of the 

segment and general information. This includes route, direction, mile points, length (in miles), 

and ranking. Table 2 follows and details some data from the five essential segmentation variables 

described previously in Section 3.2. This includes functional class, AADT, number of lanes, 

speed limit, and urban code. Table 3 contains the supplemental data from variables other than the 

essential five. This table was previously manually filled in but within the switch to R is filled 

through the report compiler.   
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The next four tables of the two page-reports contain crash information. Table 4 includes 

the crash and severity counts for crashes that occurred on the segment. Table 5 details the top 

seven crash factors for crashes along the segment and details how many of those crashes were 

injury crashes (Severity 3-5). Table 6 includes manner of collision data and like Table 5, details 

how many crashes per manner of collision were considered injury crashes.  

6.4.1.2 Page Two 

Figure 6.6 shows the second page of the two-page reports that are sent to UDOT regions 

regarding segments that were within the top 10 of the hot spot ranking. The second page is 

manually filled through virtual site visits conducted with Google Maps (Google, 2023b), Google 

Earth (Google, 2023a), and Roadview Explorer 5 (Mandli Communications, 2022). Photos from 

these sites are included within the report to show the surrounding geographical area along with a 

street view. Any major changes made to the roadway within the years of study (2016-2020) are 

noted in the site visit notes section.  

Following this section, possible engineering and policy countermeasures are suggested 

based on the data located in Table 5. These countermeasures are generated automatically through 

the report compiler and at least five are selected with a maximum of 12 to be included in the 

report. Following the site visit and selection of countermeasures the reports are sent to the UDOT 

regions that they correspond to. 
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Figure 6.5 Segment report example - page one 
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Figure 6.6 Segment report example - page two 
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6.4.2 Intersections 

The purpose of the intersection report is to summarize and present preliminary results 

from a safety-specific microanalysis on an identified intersection of interest. Both signalized and 

unsignalized intersections will use the same report template. The report includes information on 

intersection metadata, characteristics, crash data, historical/current conditions, and possible 

countermeasures, all of which will be discussed in the following subsections organized by the 

page of the report (page one and page two). 

6.4.2.1 Page One 

Figure 6.7 shows the first page of the two-page reports that are sent to UDOT regions 

regarding intersections that were within the top 10 of the hot spot ranking. There are five tables 

which are filled through the report compiler that are presented on the first page.  

The first two tables contain roadway information. Table 1 describes the location of the 

intersection and general information. This includes all intersecting routes, mile points of each of 

the routes, and ranking. Table 2 follows and details the intersection control type at the 

intersection along with some data from the segmentation variables described previously in 

Section 3.2. This includes functional class of the largest and smallest roadway, entering vehicles, 

number of lanes on main route, and maximum/minimum speed limit.   

The next four tables of the two-page reports contain crash information. Table 3 includes 

the crash and severity counts for crashes that occurred on the segment. Table 4 details the top 

seven crash factors for crashes along the segment and details how many of those crashes were 

injury crashes (Severity 3-5). Table 5 includes manner of collision data and like Table 4, details 

how many crashes per manner of collision were considered injury crashes.  

6.4.2.2 Page Two 

Figure 6.8 shows the second page of the two-page reports that are sent to UDOT regions 

regarding intersections that were within the top 10 of the hot spot ranking. The second page is 

manually filled through virtual site visits conducted with Google Maps (Google, 2023b), Google 

Earth (Google, 2023a), and Roadview Explorer 5 (Mandli Communications, 2022). An aerial 

photo of the intersection is included to show the surrounding geographical area along with a 
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street view along the main route. Any major changes made to the intersection within the years of 

study (2016-2020) are noted in the site visit notes section. Changes such as an increase in the 

number of lanes or any change in intersection control are noted here.  

Following this section, possible engineering and policy countermeasures are suggested 

based on the crash factors data located in Table 4. Similar to the segment report, these 

countermeasures are generated automatically through the report compiler and at least five are 

selected with a maximum of 12 to be included on the report. Following the site visit and 

selection of countermeasures the reports are sent to the UDOT regions that they correspond to. 

6.5 Summary 

The report compiler creates two-page reports of the top 10 hot spots of segments and 

intersections for UDOT Region engineers. The report compiler uses the statistical input file and a 

parameters file to create roadway site reports as well as to suggest possible countermeasures. 

These reports contain roadway and crash information organized in a manner that allows UDOT 

to quickly understand how many crashes are occurring at a site and potential causes for the 

crashes. While countermeasures are suggested, they are not meant to be definitive solutions. 

These deliverables are sent directly to the regions, and it is up to the region engineers to 

appropriately address the safety issues at each roadway site. 
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Figure 6.7 Intersection report example - page one 
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Figure 6.8 Intersection report example - page two 
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7.0 ANALYSIS AND SUMMARY OF RESULTS 

7.1 Overview 

The TOMS output allows UDOT region engineers to review and determine which areas 

of roadway need improvement. After the data compilation and statistical analysis, the two-page 

reports are created for the top 10 “hot spots” in each UDOT region. These reports contain tables 

of roadway and crash data. This section will review the top 10 hot spot segments and 

intersections on Utah roadways. The following subsections describe the results of the segments, 

then intersections, the development of severity distributions, and applications of this research. 

7.2 Segments 

Table 7.1 contains the results of the statistical analysis conducted on the compiled 

segments file. The rank, route, mile point, location, and functional class information of the 

segment are given in the first seven columns while the crash information is given in the next 

seven. The state ranking is determined by the EWRS score for each segment and is how they are 

subsequently ranked. The crash data is from 2016-2020. The top-ranking segments ranged from 

having nine crashes to 75 total crashes in the five-year period from 2016 to 2020. All these 

segments have had three or more fatal crashes within the study period. Eight of the top 10 

segments have a functional class of either Interstate or Other Principal Arterial. Region 3 is the 

only one without a segment in the top 10 while the other three regions have at least three 

segments. 

Figure 7.1 shows a map of the top ranked segments. This map was developed by UDOT 

using ArcGIS (UDOT, 2023). This map shows the top 10 segments from each region which are 

ranked in the state from 1-54. The map shows that these top-ranked segments are all over the 

state in both urban and rural areas. 
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Table 7.1 Top 10 Segment Hot Spots 
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Figure 7.1 Map of top-ranked segments (UDOT, 2023) 
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7.3 Intersections 

Table 7.2 contains the results of the statistical analysis conducted on the compiled 

intersections file. The rank, region, traffic control device, location, and intersection type 

information of the segment are given in the first nine columns, while the crash information is 

shown in the following seven columns. The state ranking is determined by the EWRS score for 

each intersection and is how they are subsequently ranked. The crash data is from 2016-2020. 

The top 10 intersections are not spread equally across the regions with most of the hot spots 

occurring in Region 1. The top-ranking intersections ranged from having six crashes to 195 total 

crashes in the five-year period from 2016 to 2020. All of the top-ranked intersections have at 

least one fatal crash within the study period. 

Figure 7.2 shows a map of the top-ranked intersections. The cluster of intersections are 

mainly in Salt Lake and Davis counties. Many of the top-ranked signalized intersections are 

shown to be in urban areas. More specifically, urban areas in Region 1 and Region 2. 

Unsignalized intersections are shown to be spread out in both urban and rural areas. They also 

are spread out amongst all four regions compared to the signalized intersections. 

7.4 Development of Severity Distributions 

Using TOMS and the JSM, the severity distributions were derived.   
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Table 7.3 shows the predicted average crash severity by segment type from 2016-2020. 

Segment types were split into urban and rural (with urban segments appearing first). The first 

column lists the segment type and below it, in parentheses, are the number of miles of that 

segment type that were analyzed.  The next five columns present the predicted percentage of 

crash severity, from PDO to fatal crashes. The final column is a 95 percent uncertainty interval 

on the predicted percentage of severe crashes (Suspected Serious Injury and Fatal) for that 

segment type. 

Table 7.5 shows the average crash severity by intersection type for 2016-2020. Like the 

segment severity distributions, intersections are split up into urban and rural. Signalized and 

unsignalized intersections are both included within the table. The first column lists the 

intersection type and below it, in parentheses, are the number of intersections of that type that 

were analyzed. The next five columns present the predicted percentage of crash severity, from 

PDO to fatal crashes. The final column is a 95-percent uncertainty interval on the predicted 

percentage of severe crashes (Suspected Serious Injury and Fatal) for that intersection type. 

One issue that was observed in both the segment and intersection analysis is that the 

proportion of predicted rural severe crashes is biased low. The hierarchical nature of the 

statistical model attempts to link the multiple populations and tie them closer to each other (e.g., 

statistical borrowing of strength). Usually this is a desirable model characteristic. However, in 

this case it had an undesirable effect. Via a hypothesis test, the data provides strong evidence that 

the proportion of rural severe crashes is different (and higher) than the proportion of urban 

severe crashes. The model does not capture that effect. If interested in comparing rural and urban 

severe crash proportions, it is suggested that the empirical crash severity data found in Table 7.4 

and Table 7.6 be used. The 95-percent uncertainty intervals were fit with a binomial model using 

a Bayesian framework with a uniform prior distribution on the proportion of severe crashes. 

7.5 Applications of Research 

The model results including the top 10 segments, signalized, and unsignalized 

intersections from each region were provided to UDOT. UDOT checked to verify that no recent 
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project that may have improved safety conditions and no planned or upcoming projects were 

already being considered for these sites. All remaining roadway sites were recommended for 

further consideration.  

Table 7.7 shows the selected segments, Table 7.8 shows the selected signalized 

intersections, and Table 7.9 shows the selected unsignalized intersections from the analysis. The 

tables show general information and the state ranking of the selected sites. There were 26 

segments, 20 signalized intersections, and 30 unsignalized intersections selected for a total of 76 

roadway sites.  
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Table 7.2 Top 10 Intersection Hot Spots 
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Figure 7.2 Map of top-ranked intersections (UDOT, 2023) 
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Table 7.3: Average Crash Severity by Segment Type 

Segment Type 

(#) 

No 

Injury 

(PDO) 

Possible 

Injury 

Suspected 

Minor 

Injury 

Suspected 

Serious 

Injury 

Fatal 

Severe 

Crashes 

95% 

Uncertainty 

Interval 

Urban 

2-Lane  

(1091) 
72.88% 16.05% 8.51% 2.01% 0.55% 

(2.26%, 

2.89%) 

3-Lane w/TWLTL 

(53) 
71.90% 16.57% 8.84% 2.12% 0.57% 

(1.06%, 

4.55%) 

4-Lane Divided  

(371) 
73.49% 15.76% 8.27% 1.95% 0.53% 

(2.26%, 

2.71%) 

4-Lane Undivided  

(303) 
72.73% 16.11% 8.57% 2.03% 0.56% 

(2.13%, 

3.09%) 

5-Lane w/TWLTL  

(23) 
69.40% 17.75% 9.83% 2.36% 0.66% 

(1.28%, 

5.05%) 

6-Lane Divided  

(214) 
72.69% 16.16% 8.57% 2.02% 0.56% 

(2.21%, 

2.98%) 

6-Lane Undivided 

(58) 
70.72% 17.14% 9.30% 2.22% 0.62% 

(2.03%, 

3.69%) 

Freeway 4-Lane 

(230) 
74.01% 15.49% 8.08% 1.90% 0.52% 

(1.96%, 

2.90%) 

Freeway 6-Lane w/HOV 

(56) 
73.67% 15.66% 8.21% 1.93% 0.53% 

(2.06%, 

2.87%) 

Freeway 6-Lane w/o HOV  

(174) 
73.83% 15.59% 8.15% 1.91% 0.52% 

(2.11%, 

2.78%) 

Freeway 8-Lane w/HOV  

(111) 
73.36% 15.82% 8.32% 1.96% 0.54% 

(2.22%, 

2.78%) 

Freeway 8-Lane w/o HOV  

(72) 
74.31% 15.33% 7.98% 1.87% 0.51% 

(1.90%, 

2.87%) 

Freeway 10-Lane w/HOV  

(54) 
72.45% 16.28% 8.66% 2.05% 0.56% 

(2.24%, 

2.99%) 

Freeway 10-Lane w/o HOV  

(14) 
74.50% 15.24% 7.90% 1.85% 0.51% 

(1.22%, 

3.69%) 

Freeway 12-Lane 

(8) 
73.12% 15.93% 8.42% 1.99% 0.54% 

(1.29%, 

3.95%) 

Rural 

2-Lane 

(2724) 
73.37% 15.82% 8.31% 1.96% 0.54% 

(2.28%, 

2.71%) 

Multilane Divided 

(57) 
76.21% 14.35% 7.29% 1.69% 0.46% 

(1.57%, 

2.78%) 

Multilane Undivided 

(201) 
74.62% 15.18% 7.86% 1.84% 0.50% 

(1.53%, 

3.24%) 

Freeway 4-Lane 

(454) 
74.06% 15.47% 8.06% 1.89% 0.52% 

(2.09%, 

2.73%) 

Freeway 6-Lane  

(47) 
75.55% 14.69% 7.53% 1.75% 0.48% 

(1.52%, 

3.02%) 
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Table 7.4: Empirical Crash Severity by Segment Type 

Segment Type 

(#) 

No 

Injury 

(PDO) 

Possible 

Injury 

Suspected 

Minor 

Injury 

Suspected 

Serious 

Injury 

Fatal 

Severe 

Crashes 

95% 

Uncertainty 

Interval 

Urban 

2-Lane 

(1091) 
73.21% 15.19% 8.76% 2.32% 0.52% 

(2.54%, 

3.17%) 

3-Lane w/TWLTL 

(53) 
76.99% 12.27% 8.90% 1.53% 0.31% 

(0.86%, 

3.95%) 

4-Lane Divided 

(371) 
73.39% 18.29% 6.86% 1.25% 0.21% 

(1.31%, 

1.63%) 

4-Lane Undivided 

(303) 
73.15% 16.81% 7.99% 1.60% 0.45% 

(1.67%, 

2.51%) 

5-Lane w/TWLTL 

(23) 
60.49% 21.91% 14.51% 2.78% 0.31% 

(1.70%, 

5.59%) 

6-lane Divided 

(214) 
72.14% 17.88% 8.49% 1.20% 0.29% 

(1.23%, 

1.81%) 

6-Lane Undivided 

(58) 
67.99% 20.68% 9.73% 1.28% 0.32% 

(1.09%, 

2.35%) 

Freeway 4-Lane 

(230) 
76.03% 13.11% 8.12% 2.30% 0.44% 

(2.29%, 

3.26%) 

Freeway 6-Lane w/HOV 

(56) 
73.11% 19.36% 6.55% 0.91% 0.07% 

(0.76%, 

1.26%) 

Freeway 6-Lane w/o HOV 

(174) 
74.98% 15.73% 7.49% 1.44% 0.36% 

(1.54%, 

2.09%) 

Freeway 8-Lane w/HOV 

(111) 
72.63% 19.50% 6.59% 1.14% 0.14% 

(1.11%, 

1.48%) 

Freeway 8-Lane w/o HOV 

(72) 
74.37% 16.55% 7.55% 1.22% 0.31% 

(1.19%, 

1.97%) 

Freeway 10-Lane w/HOV 

(54) 
70.20% 20.02% 8.18% 1.43% 0.17% 

(1.35%, 

1.92%) 

Freeway 10-Lane w/o HOV 

(14) 
73.70% 18.04% 7.08% 0.51% 0.67% 

(0.58%, 

2.41%) 

Freeway 12-Lane 

(8) 
75.24% 17.85% 6.53% 0.38% 0.00% 

(0.12%, 

1.38%) 

Rural 

2-Lane 

(2724) 
74.32% 10.93% 9.94% 3.54% 1.27% 

(4.56%, 

5.08%) 

Multilane Divided 

(57) 
76.98% 13.44% 6.91% 2.23% 0.44% 

(2.09%, 

3.41%) 

Multilane Undivided 

(201) 
78.70% 10.41% 7.69% 2.48% 0.72% 

(2.36%, 

4.33%) 

Freeway 4-Lane 

(454) 
74.25% 11.20% 9.87% 3.42% 1.26% 

(4.29%, 

5.11%) 

Freeway 6-Lane 

(47) 
75.92% 14.14% 7.07% 2.52% 0.35% 

(2.12%, 

3.87%) 
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Table 7.5: Average Crash Severity by Intersection Type 

Intersection Type 

(#) 

No 

Injury 

(PDO) 

Possible 

Injury 

Suspected 

Minor 

Injury 

Suspected 

Serious 

Injury 

Fatal 

Severe 

Crashes 

95% 

Uncertainty 

Interval 

Urban 

Signal controlled, 4-Leg  

(988) 
63.50% 21.61% 12.31% 2.24% 0.34% 

(2.34%, 

2.80%) 

Signal controlled, 3-Leg  

(134) 
62.69% 21.99% 12.66% 2.31% 0.35% 

(2.03%, 

3.33%) 

2-way stop controlled, 4-Leg  

(916) 
63.62% 21.57% 12.25% 2.22% 0.34% 

(2.12%, 

3.00%) 

Minor leg stop controlled, 3-Leg 

(2459) 
63.05% 21.82% 12.50% 2.28% 0.35% 

(2.24%, 

3.01%) 

Rural 

Signal controlled, 4-Leg  

(18) 
65.30% 20.81% 11.51% 2.06% 0.32% 

(0.00%, 

5.45%) 

2-way stop controlled, 4-Leg 

(1048) 
62.92% 21.84% 12.59% 2.30% 0.35% 

(1.45%, 

4.03%) 

Minor leg stop controlled, 3-Leg 

(2528) 
61.28% 22.60% 13.29% 2.45% 0.38% 

(1.75%, 

4.04%) 

 

Table 7.6: Empirical Crash Severity by Intersection Type 

Intersection Type 

(#) 

No 

Injury 

(PDO) 

Possible 

Injury 

Suspected 

Minor 

Injury 

Suspected 

Serious 

Injury 

Fatal 

Severe 

Crashes 

95% 

Uncertainty 

Interval  

Urban 

Signal controlled, 4-Leg  

(988) 
62.91% 22.20% 12.52% 2.07% 0.30% 

(2.23%, 

2.54%) 

Signal controlled, 3-Leg 

(134) 
65.10% 21.10% 11.76% 1.81% 0.23% 

(1.57%, 

2.65%) 

2-way stop controlled, 4-Leg 

(916) 
62.30% 21.98% 12.70% 2.75% 0.27% 

(2.60%, 

3.50%) 

Minor leg stop controlled, 3-Leg 

(2459) 
64.79% 20.21% 12.21% 2.37% 0.42% 

(2.44%, 

3.20%) 

Rural 

Signal controlled, 4-Leg  

(18) 
69.33% 16.00% 12.67% 1.33% 0.67% 

(0.73%, 

5.70%) 

2-way stop controlled, 4-Leg 

(1048) 
62.41% 18.50% 13.22% 4.70% 1.17% 

(4.35%, 

7.90%) 

Minor leg stop controlled, 3-Leg 

(2528) 
64.63% 13.95% 14.32% 5.39% 1.71% 

(5.54%, 

9.07%) 
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Table 7.7: UDOT Selected Segments List 

State 

Rank 
Region 

Main 

Route 

Beginning 

Mile point 

Ending 

Mile point 
County 

2 4 0089PM 25.199 39.070 Kane 

4 4 0006PM 296.136 299.370 Emery 

5 2 0036PM 6.084 13.368 Tooele 

6 4 0163PM 12.436 17.786 San Juan 

7 1 0084NM 7.117 11.963 Box Elder 

8 1 0084PM 11.963 15.797 Box Elder 

9 4 0089PM 280.826 283.832 Sanpete 

13 3 0132PM 39.144 41.754 Juab 

16 3 0006PM 184.202 187.570 Utah 

17 2 0173PM 2.910 3.564 Salt Lake 

18 4 0015PM 82.459 94.697 Iron 

19 2 0068PM 54.973 55.815 Salt Lake 

20 3 0035PM 16.155 18.870 Wasatch 

21 4 0163PM 0.614 6.387 San Juan 

23 2 0073PM 7.122 13.340 Tooele 

24 4 0059PM 20.670 21.797 Washington 

25 4 0015PM 42.224 51.248 Iron 

31 3 0006PM 205.834 210.521 Utah 

32 1 0104PM 1.176 1.786 Weber 

34 1 0089PM 414.286 414.393 Weber 

35 2 0089PM 381.148 381.298 Salt Lake 

36 1 0167PM 8.013 11.002 Weber 

37 3 0068PM 23.955 25.315 Utah 

41 1 0203PM 5.413 5.960 Weber 

51 1 0158PM 8.161 11.611 Weber 

54 1 0039PM 6.402 6.521 Weber 
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Table 7.8: UDOT Selected Signalized Intersections List 

State 

Rank 
Region 

Main 

Route 

Other 

Route 
Street Names City County 

Intersection 

Type 

4 2 0173PM 2156PM 
5415 S & 

Northwest Ave 

West 

Valley City 
Salt Lake 4-LEG 

7 1 0126PM 0108PM 
State St &  

Antelope Dr 
Layton Davis 4-LEG 

10 1 0204PM 0079PM 
Wall Ave &  

31st St 
Ogden Weber 4-LEG 

18 3 0089PM Local 
State St &  

550 W 
Provo Utah 3-LEG 

26 1 0193PM Local 
SR-193 &  

H St 
Clearfield Davis 4-LEG 

35 1 0091PM 0091PM 
SR-91  

I-15 Interchange 

Brigham 

City 
Box Elder DDI 

50 1 0203PM Local 
Harrison Blvd & 

20th St 
Ogden Weber 4-LEG 

55 1 0039PM Local 
1200 S & 

Depot Dr 
Ogden Weber 3-LEG 

56 4 0191PM Local 
Hwy 191 & 

Arches Nat'l Park Rd 
Moab Grand 3-LEG 

70 4 089APM 0089PM 100 E & 300 S Kanab Kane 4-LEG 

80 3 0178PM Local 
800 S & 

Turf Farm Rd 
Payson Utah 4-LEG 

90 4 0191PM 1699PM Main St & Center St Moab Grand 4-LEG 

93 1 0204PM Local Wall Ave & 23rd St Ogden Weber 4-LEG 

119 3 0006PM 3035PM Hwy 6 & 2550 E 
Spanish 

Fork 
Utah 4-LEG 

120 3 0089PM 2888PM State St & 900 W 
American 

Fork 
Utah 4-LEG 

123 3 0068PM Local 
Redwood Rd & 

Exchange Dr 

Saratoga 

Springs 
Utah 4-LEG 

193 4 0008PM 3234PM 
Sunset Blvd & 

Westridge Dr 
St. George Washington 4-LEG 

203 4 0289PM 0289PM Center St & 300 W Cedar City Iron 4-LEG 

220 4 0008PM 3184PM 
Sunset Blvd & 

Dixie Downs Rd 
St. George Washington 4-LEG 

296 4 0120PM Local 
1300 S & 

College Ave 
Richfield Sevier 4-LEG 
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Table 7.9: UDOT Selected Unsignalized Intersections List 

State 

Rank 
Region 

Main 

Route 

Other 

Route 
Street Names City County 

Intersection 

Type 

2 1 0235PM Local 
Washington Blvd 

& 900 N 
Ogden Weber 3-LEG 

11 4 0018PM Local 
SR-18 &  

Diamond Valley Dr 
St. George Washington 3-LEG 

16 4 0089PM Local 
Hwy 89 &  

Jensen Rd 
Manti Sanpete 3-LEG 

19 4 0056PM Local 
SR-56 &  

Beacon Dr 
Cedar City Iron 3-LEG 

21 4 0056PM Local 
SR-56 &  

Iron Springs Rd 
Cedar City Iron 3-LEG 

24 1 0030PM 0023PM SR-30 & SR-23 Mendon Cache 4-LEG 

27 3 0089PM Local State St & 550 N Lindon Utah 3-LEG 

28 1 0089PM 3457PM Hwy 89 & 2000 N Harrisville Weber 3-LEG 

31 1 0273PM 1446PM 
Main St & 

Nicholls Rd 
Kaysville Davis 3-LEG 

32 1 0235PM Local 
Washington Blvd 

& Canfield Dr 
Ogden Weber 3-LEG 

33 3 0089PM Local State St & 800 S Provo Utah 3-LEG 

39 4 0257PM 1934PM 400 W & 500 N Hinckley Millard 4-LEG 

40 2 0068PM Local 
Redwood Rd &  

Sequoia Vista Cir 

Salt Lake 

City 
Salt Lake 4-LEG 

41 4 0119PM 2540PM SR-119 & N 3380 E Richfield Sevier 4-LEG 

42 4 0118PM Local SR-118 & 1520 N Sigurd Sevier 3-LEG 

43 1 0218PM Local SR-218 & 6600 N Newton Cache 3-LEG 

44 1 0016PM Local SR-16 & Co Rd 101 Rich County Rich 3-LEG 

45 3 0040PM Local Hwy 40 & 4625 E Naples Uintah 3-LEG 

47 3 0089PM Local 
Hwy 89 & 

California Ave 
Provo Utah 3-LEG 

48 4 0089PM Local 
Hwy 89 & 

Kitchen Corral Wash 

Kane 

County 
Kane 3-LEG 

49 4 0089PM Local 
Hwy 89 & 

Fish Hatchery Rd 
Hatch Garfield 4-LEG 

57 3 0028PM Local SR-28 & Four Mile Rd Nephi Juab 3-LEG 

60 2 0089PM Local State St & 8840 S Sandy Salt Lake 3-LEG 

66 2 0171PM Local 3300 S & 3040 E Millcreek Salt Lake 3-LEG 

76 2 0266PM Local 
Taylorsville Expy 

& 1175 W 
Taylorsville Salt Lake 4-LEG 

81 2 0173PM Local 5400 S & 5160 W Kearns Salt Lake 3-LEG 

101 2 0068PM Local Redwood Rd & 7310 S West Jordan Salt Lake 3-LEG 

104 2 0172PM Local 5600 W & Lampert Ln 
West Valley 

City 
Salt Lake 3-LEG 

202 2 0224PM Local SR-224 & Bear Cub Dr Park City Summit 3-LEG 

211 2 0068PM Local Redwood Rd & 8600 S West Jordan Salt Lake 3-LEG 



 

71 

7.6 Summary 

The results from the segment and intersection analysis are useful to UDOT region 

engineers in helping them review and determine which areas of roadway need improvement. A 

ranking based on economic impact vastly improves the significance of the model results. The list 

of both segments and intersections was provided to UDOT, and with their feedback, the reports 

from the screened list were generated and sent out to the regions. 
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8.0 CONCLUSIONS AND IMPLEMENTATION 

8.1 Overview 

The goal of zero fatalities is a major priority for UDOT. Efforts are made to reduce the 

number of fatalities, injuries, and crashes on Utah roads every year. To aid engineers in selecting 

the sites most in need of attention and improvements, UDOT has teamed up with BYU in a series 

of safety-focused research projects. Building off previous safety analysis research, TOMS 

provides a new way for the state of Utah to identify and prioritize segment and intersection 

safety improvement projects. Along with improvements to the methodology and statistical 

analysis, TOMS uses a joint model to rank segments and intersections based on the highest 

EWRS. UDOT can better focus their efforts and manage their budget on projects that are of 

highest concern across the regions with the identifying and ranking of these segments and 

intersections. This chapter will review the methodology developed for the research, discuss 

implementation of the research, and summarize future research topics that this research can 

contribute to. 

8.2 Methodology 

The TOMS is a model built within R that allows for the compilation of roadway and 

crash data to conduct a statistical analysis that will create hot spot identification reports to help 

UDOT region engineers determine how best to address safety concerns. The following 

subsections go over the data compilation process, then the statistical analysis, then the report 

compiler. 

8.2.1 Data Compilation 

Sixteen data files are used to create the combined crash and roadway data files used for 

analysis. Twelve contain roadway data while the other four contain crash data. The entire process 

is conducted from an R markdown file which requires that the following occur in a specific 

order: first, the functions are sourced; second, the data are read in; third, the data preparation 

scripts run; finally, the compiling script creates the two output files. There is a segments file and 

an intersection file. These two files are for the statistical analysis. 
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8.2.2 Statistical Analysis 

Instead of using two different models, one accounting for total number of crashes and 

another for the total number of severe crashes, the two models can be combined by using an 

EWRS score. All segments and intersections are analyzed using this method. Those with the 

highest EWRS scores are marked as hot spots. The list of the top 10 hot spots for both segments 

and intersections are screened by UDOT and subsequent reports are created from the screened 

list. 

8.2.3 Report Compiler 

The report compiler creates two-page reports of the hot spots of segments and 

intersections selected by UDOT for the region engineers. The report compiler uses the statistical 

input file and a parameters file to create roadway site reports as well as to suggest possible 

countermeasures. These reports contain roadway and crash information organized in a manner 

that allows UDOT to quickly understand how many crashes are occurring at a site and potential 

causes for the crashes. While countermeasures are suggested, they are not meant to be definitive 

solutions. These deliverables are sent directly to the regions, and it is up to the region engineers 

to appropriately address the safety issues at each roadway site. 

8.3 Implementation of Research 

UDOT will implement the results of this research by screening the hot spots list, selecting 

sites that fall under their criteria, distributing the two-page reports to the regions, and using the 

reports to prioritize safety projects across the state. Along with the reports, the severity 

distributions will assist UDOT and the regions to analyze segments and intersections and to 

determine if the proportion of severe crashes occurring at a site is significantly higher than at 

other similar sites. These distributions provide a more overarching metric that may be useful in 

identifying hot spots even without a two-page report. 
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8.4 Future Research Topics 

The switch to R has allowed for more topics to be explored in future research. The 

following sections explain potential topics that could be explored such as a safety dashboard, 

manners of collision, the development of safety performance functions (SPFs), and running 

statistical models to compare urban vs. rural safety. 

8.4.1 Safety Dashboard 

A prototype dashboard that could be used to generate SPFs and identify hot spots given 

certain roadway characteristics was created early in the research and presented to UDOT. It was 

determined that this would not be a focus of the research at this time. With more time and with 

refinement of the current data, a dashboard that would allow the user to input roadway data could 

be created and used to identify safety parameters. 

8.4.2 Manner of Collision Research 

While this research focuses on the severity of crashes and how expected crashes differ 

from observed, future research might include finding segments and intersections that have a 

disproportionate number of general crash types. For example, looking at angle crashes at 

intersections with atypical roadway geometry, looking at roadway departure crashes along poorly 

lit segments, or looking at midblock turning crashes along roadways without raised medians. 

8.4.3 Development of Safety Performance Functions 

With the creation of severity distributions for both segments and intersections the 

implementation of this to SPFs for Utah roadways is a possible next step in the research. In 

coordination with the safety dashboard, the results from the Bayesian hierarchical model could 

contribute to having accurate and practical SPFs that UDOT can use. 

8.4.4 Urban vs. Rural 

While the severity distributions were created within this research there are some 

questions about the application of those results. Specifically, those distributions between urban 

and rural areas. Due to the difference in urban and rural populations, a hierarchal model is not 
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always the best to detect a difference. A statistical model could be run on the overall urban and 

rural populations to test if there is a significant difference in the proportions of severe crashes. 

8.4.5 Other Future Research Topics 

TOMS has the capability of easily adapting to new datasets and formats. Potentially using 

TOMS with more recent roadway and crash data to bring more immediate attention to sites that 

may need improvement is a possible future research topic that could greatly benefit UDOT.  

8.5 Concluding Remarks 

The TOMS has significantly improved previous models to assist the state of Utah in 

identifying crash hot spots. By weighing severity using weighted risk scores, TOMS can analyze 

crash count and severity concurrently with a singular statistical model. This research will allow 

for much more data to be analyzed in the future. The switch to R has allowed for more freedom 

in how the data can be used to further improve traffic safety in the state of Utah. The capabilities 

of TOMS with further improvements can continue to aid UDOT in their goal of reaching Zero 

Fatalities. 
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	EXECUTIVE SUMMARY 
	The goal of this research is to assist the Utah Department of Transportation (UDOT) in identifying hot spots along Utah roads and implementing appropriate countermeasures. A new model named the Two-Output Model for Safety (TOMS) was created. While previous iterations of this research had two different models for segments and intersections, TOMS is a singular model that uses roadway and crash data to identify segments and intersections for analysis.  
	The roadway and crash data files allow for an accurate analysis of crashes on Utah roadways. Roadway data is critical for characterizing segments and intersections, while the crash data is essential to assigning each specific crash to the correct portion of roadway. TOMS uses 16 data files to create the combined crash and roadway data input for analysis. These include 12 roadway files and four crash files. The TOMS compiling process begins with reading in the 16 data files, TOMS then prepares the data files
	With the assistance of the Brigham Young University statistics team, the segments and intersections are analyzed by both severity and total number of crashes occurring at the sites. An excess weighted risk score (EWRS) was developed to analyze the severity and number of crashes concurrently. The segments and intersections with the highest EWRS are marked as hot spots. The list of the top 10 hot spots by region for both segments and intersections are screened by UDOT, and subsequent reports are created from 
	1.0 INTRODUCTION 
	1.1  Problem Statement 
	By combining roadway and crash data, both roadway segments and intersections can be analyzed across the state of Utah. These segments and intersections can then be evaluated by comparing the expected crash frequency to the observed crash frequency, and then improvements to those sites can be determined. Those areas with the largest difference between expected and observed crash frequency compared to similar sites are known as crash hot spots. 
	Crash hot spots are the subject of a study of a joint effort between the Utah Department of Transportation (UDOT) and the Brigham Young University (BYU) Civil and Construction Engineering and Statistics Departments. Previous studies on this subject have resulted in the emergence of two tools to assist in the ranking of crash hot spots and proposing potential countermeasures. These are the Crash Analysis Methodology for Segments (CAMS) (Schultz et al., 2020) and the Intersection Safety Analysis Methodology (
	The methodologies for CAMS and ISAM each used two different statistical models, one accounting for total crashes named the Prediction model, another accounting for severity of crashes, named the Severity model. The two statistical models have been used to identify hot spots but some of those identified in one model would not be identified in the other. These methodologies did not provide a way to analyze crash count and severity concurrently.  
	To continue to assist UDOT in prioritizing safety budgets, major improvements to current methodologies were made within this research as well as the development of severity distributions to better identify crash hot spots. 
	1.2  Objectives 
	The first goal of this research is to improve the CAMS and ISAM to allow them to be more effective in identifying hot spots and implementing countermeasures. CAMS and ISAM were built within a Macro-Enabled Workbook using Visual Basic for Applications (VBA) code to compile the data necessary to perform the analysis. These two models were rebuilt and combined as the Two-Output Model for Safety (TOMS) in R. R is a programming language built for statistical computing that allows for more efficient and consisten
	Another goal of this research is to develop segment and intersection severity distributions. Previously, the CAMS and ISAM models provided rankings based on total crashes and injury crashes separately. The new Joint Statistical Model (JSM) creates a single ranking that compares the number and severity of observed crashes to the expected crashes. The results from the JSM are used in developing segment and intersection severity distributions which are delivered to UDOT to assist in analyzing Utah roads. 
	UDOT provided the most recent roadway and crash data for this research including the biannual asset inventory data, and the real-time updates of crash data. Hotspot rankings use this data in TOMS and the JSM. Reports generated from the hot spot analysis will help the UDOT regions determine which high-risk areas need to be prioritized. Before the reports were submitted, they were screened by UDOT’s Traffic and Safety Division, and only reports for suitable sites are delivered to the regions. 
	1.3  Scope 
	The scope of this project was to combine the existing CAMS and ISAM within TOMS, and also, combining the Prediction and Severity Models into the JSM that can analyze crash count and severity concurrently and provide segment and intersection severity distributions requested by UDOT. The data from the TOMS is input into the JSM, and the results are input 
	into the report compiler to generate two-page reports for sites selected by UDOT to deliver to their respective regions. 
	1.4  Outline of Report  
	The body of this report is organized in the following manner. 
	• Chapter 1 introduces the research topic, objectives, scope, and report outline. 
	• Chapter 1 introduces the research topic, objectives, scope, and report outline. 
	• Chapter 1 introduces the research topic, objectives, scope, and report outline. 

	• Chapter 2 provides a literature review exploring topics connected to the research as well as a discussion on previous BYU-UDOT traffic safety research. 
	• Chapter 2 provides a literature review exploring topics connected to the research as well as a discussion on previous BYU-UDOT traffic safety research. 

	• Chapter 3 details how data were acquired and used for the research. 
	• Chapter 3 details how data were acquired and used for the research. 

	• Chapter 4 outlines the data evaluation process including discussion on the R processes used to create input files for the statistical model. 
	• Chapter 4 outlines the data evaluation process including discussion on the R processes used to create input files for the statistical model. 

	• Chapter 5 gives a description of the statistical model used in the research. 
	• Chapter 5 gives a description of the statistical model used in the research. 

	• Chapter 6 describes the report compiler from which the technical reports for hot spot sites are generated as well as the process that creates them. 
	• Chapter 6 describes the report compiler from which the technical reports for hot spot sites are generated as well as the process that creates them. 

	• Chapter 7 analyzes and summarizes the results of the research. 
	• Chapter 7 analyzes and summarizes the results of the research. 

	• Chapter 8 gives concluding remarks including a review of the TOMS and a brief discussion on future research topics. 
	• Chapter 8 gives concluding remarks including a review of the TOMS and a brief discussion on future research topics. 

	• The chapters are followed by a References section. 
	• The chapters are followed by a References section. 


	2.0 LITERATURE REVIEW 
	2.1 Overview 
	A literature review was performed to understand and evaluate the existing methods of network screening used for highway safety analysis. These methods provide insights into how to improve and expand network screening methods for Utah roadways. The first section of the literature review discusses the network screening steps given in the Highway Safety Manual (HSM) (AASHTO, 2010). The next section discusses the evaluation of segmentation methods. This is followed by a discussion on ranking sites with potentia
	2.2 Network Screening 
	The HSM published by the American Association of State Highway and Transportation Officials (AASHTO), defines network screening as “the process to realize a reduction in crash frequency with implementation of countermeasures” (AASHTO, 2010). Network screening arises from the need to use limited funds for safety improvement as effectively as possible. It is also the first step in the roadway safety management process as described in the HSM and as illustrated in Figure 2.1. The roadway safety management proc
	The BYU-UDOT model contributes to network screening because it is used to evaluate crash data on the entire network of Utah highways. The model can assist in other steps of the roadway safety management process but does not replace the work of transportation professionals in these areas. For example, the existing model provides a list of useful countermeasures for each of the top-ranked sites, but local traffic and safety personnel must determine the best countermeasures for a specific site. Furthermore, ne
	performed automatically using modeling techniques whereas other steps in the roadway safety management process require more subjective review. 
	 
	Figure
	Figure 2.1 Schematic of Roadway Safety Management Process (AASHTO, 2010) 
	Network screening methodologies are often more generally called “hot spot identification” methodologies (Lyon et al., 2007; Sims and Somenahalli, 2010). In the literature, this term is used somewhat interchangeably with “network screening” to emphasize the purpose of identifying sites that stand out for their potential for safety improvement (PSI). These sites are often called “hot spots” or “black spots” as well as “sites with potential for safety improvement.” 
	The HSM outlines five steps which constitute network screening: 1) establish focus, 2) identify network and establish reference populations, 3) select performance measures, 4) select screening method, 5) screen and evaluate results (AASHTO, 2010). Each of these steps are described in the following subsections as they pertain to the project. 
	2.2.1 Establishing Focus for Network Screening 
	The first step of network screening, establishing the focus, involves defining which sites have PSI. The HSM defines these in two ways; sites that would benefit most from general countermeasures, and sites that would benefit from a specific countermeasure (AASHTO, 2010). The advantage of defining a specific countermeasure is that it allows transportation officials to use funds appropriated for a specific type of safety improvement (e.g., a rumble strip implementation program). The HSM does not give much spe
	2.2.2 Identifying Network and Establishing Reference Population for Network Screening 
	Step two of the network screening process involves separating crashes into networks based on whether they are intersection related or segment related. Previous research by BYU has explained this topic in detail, the results of which are included in this section (Schultz et al., 2020). The HSM recommends that the engineer evaluate the characteristics of a crash to determine whether the crash was related to the intersection or the segment. The HSM defines intersection crashes as any crash within 250 feet of a
	intersection” (AASHTO, 2010). Following this guideline, a radius of 250 feet may be used to search for intersection-related crashes, but it should not be the only criterion to define them. 
	If an intersection-related crash report field is not available in the crash data, researchers typically define the segment crashes based on their distance from the intersection. For example, Mountain et al. (1996) and Cafiso et al. (2018) chose to measure approximately 65 feet (20 meters) and 165 feet (50 meters), respectively, past the edge of the physical area of each intersection and removed all the crashes that occurred either in the intersection or within the measured distance. With only slight variati
	Some researchers have used combinations of crash type and recorded violation as criteria to define intersection-related crashes. In the segment crash analysis conducted by Pande et al. (2010), crashes with the following characteristics were removed: a left- or right-turn collision, an angle collision in combination with an improper turn, and an angle collision in combination with a failure to yield right-of-way. The HSM also gives the following examples for determining by the crash type whether it is a segm
	Previous BYU safety research has not been based on crash type. Although UDOT can determine whether the reporting officer considered a crash to be intersection related, this knowledge was not applied in the original ISAM. The ISAM uses a radius of influence based on the functional area of the intersection to decide which crashes are intersection related. The ISAM uses speed limit to define the functional area of the intersection. The values for the functional area are measured outward from the stop bar and r
	intersection statistical model (Schultz et al., 2018). These values were derived from the Access Management Manual, 2nd edition, which splits the distance covered by the upstream functional area of an intersection into three parts: d1, d2, and d3—the respective lengths required for perception-reaction time, lane changing and deceleration, and queue length (Williams et al., 2014). The values for d1 and d2 were taken from tables in the Access Management Manual, 2nd edition, and the average queue length was as
	2.2.3 Evaluating Performance Measures for Network Screening 
	The third step in network screening, selecting performance measures, is where the network screening model is chosen. Performance measures are the criteria by which a site is considered to have PSI. The PSI is the difference between the observed crash frequency and the expected crash frequency. Network screening is an essential first step to narrow down the data to a reasonable number of candidate sites for mitigation. Although there is some uncertainty in saying that sites with the highest PSI will have the
	Some of these performance measures don’t require crash data, meaning they can be used for roads that have no crash data or inaccurate crash data. However, when crash data are available, the most popular performance measures in the literature are “expected average crash frequency with EB [Empirical Bayes] adjustment,” and “excess expected average crash frequency with EB adjustment” (Gross et al., 2016). Additionally, some researchers have proposed performance measures not on this list which rely on spatial d
	specific countermeasure would be most beneficial. Some performance measures also weight crashes by severity which is a topic further discussed in Section 
	specific countermeasure would be most beneficial. Some performance measures also weight crashes by severity which is a topic further discussed in Section 
	2.4
	2.4

	 of this literature review. 

	One of the biggest problems addressed by many performance functions, and discussed extensively in the literature, is the issue with RTM bias. Because crashes are rare and random events, it is common for crash frequencies to fluctuate over time at a given site. This problem is more pronounced when only short-term crash data are considered instead of long-term crash data, however it is not overcome by long-term crash data because the issues that impact crashes change faster than the time of observation. Addit
	One of the biggest problems addressed by many performance functions, and discussed extensively in the literature, is the issue with RTM bias. Because crashes are rare and random events, it is common for crash frequencies to fluctuate over time at a given site. This problem is more pronounced when only short-term crash data are considered instead of long-term crash data, however it is not overcome by long-term crash data because the issues that impact crashes change faster than the time of observation. Addit
	Table 2.1
	Table 2.1

	 lists whether various performance measures account for RTM bias and whether they include a performance threshold since these are significant factors of how effective performance measures are. 

	2.2.4 Selecting Network Screening Methods 
	The fourth step of the network screening process, selecting the screening method, describes how performance measures are applied to a network of roadways. The literature discusses several network screening methods which can be applied to the model. Of these, the HSM specifically mentions site ranking, sliding moving window (SMW), and peak searching (PS). Kwon et al. (2013) investigated the effectiveness of each of these methods as well as an additional method, continuous risk profile (CRP), and determined t
	homogeneous. The process for defining segments is further explained in Section 
	homogeneous. The process for defining segments is further explained in Section 
	2.3
	2.3

	 of the literature review. 

	Table 2.1 Stability of Performance Measures (AASHTO, 2010) 
	Performance Measure 
	Performance Measure 
	Performance Measure 
	Performance Measure 
	Performance Measure 

	Accounts for RTM Bias 
	Accounts for RTM Bias 

	Method Estimates a Performance Threshold 
	Method Estimates a Performance Threshold 



	Average Crash Frequency 
	Average Crash Frequency 
	Average Crash Frequency 
	Average Crash Frequency 

	No 
	No 

	No 
	No 


	Crash Rate 
	Crash Rate 
	Crash Rate 

	No 
	No 

	No 
	No 


	Equivalent Property Damage Only (EPDO) Average Crash Frequency 
	Equivalent Property Damage Only (EPDO) Average Crash Frequency 
	Equivalent Property Damage Only (EPDO) Average Crash Frequency 

	No 
	No 

	No 
	No 


	Relative Severity Index 
	Relative Severity Index 
	Relative Severity Index 

	No 
	No 

	Yes 
	Yes 


	Critical Rate 
	Critical Rate 
	Critical Rate 

	Considers data variance but does not account for RTM bias 
	Considers data variance but does not account for RTM bias 

	Yes 
	Yes 


	Excess Predicted Average Crash Frequency Using Method of Moments 
	Excess Predicted Average Crash Frequency Using Method of Moments 
	Excess Predicted Average Crash Frequency Using Method of Moments 

	Considers data variance but does not account for RTM bias 
	Considers data variance but does not account for RTM bias 

	Yes 
	Yes 


	Level of Service of Safety 
	Level of Service of Safety 
	Level of Service of Safety 

	Considers data variance but does not account for RTM bias 
	Considers data variance but does not account for RTM bias 

	Expected average crash frequency plus/minus 1.5 standard deviations 
	Expected average crash frequency plus/minus 1.5 standard deviations 


	Excess Expected Average Crash Frequency Using SPFs 
	Excess Expected Average Crash Frequency Using SPFs 
	Excess Expected Average Crash Frequency Using SPFs 

	No 
	No 

	Predicted average crash frequency at the site 
	Predicted average crash frequency at the site 


	Probability of Specific Crash Types Exceeding Threshold Proportion 
	Probability of Specific Crash Types Exceeding Threshold Proportion 
	Probability of Specific Crash Types Exceeding Threshold Proportion 

	Considers data variance; not effected by RTM Bias 
	Considers data variance; not effected by RTM Bias 

	Yes 
	Yes 


	Excess Proportions of Specific Crash Types 
	Excess Proportions of Specific Crash Types 
	Excess Proportions of Specific Crash Types 

	Considers data variance; not effected by RTM Bias 
	Considers data variance; not effected by RTM Bias 

	Yes 
	Yes 


	Expected Average Crash Frequency with EB Adjustments 
	Expected Average Crash Frequency with EB Adjustments 
	Expected Average Crash Frequency with EB Adjustments 

	Yes 
	Yes 

	Expected average crash frequency at the site 
	Expected average crash frequency at the site 


	EPDO Average Crash Frequency with EB Adjustment 
	EPDO Average Crash Frequency with EB Adjustment 
	EPDO Average Crash Frequency with EB Adjustment 

	Yes 
	Yes 

	Expected average crash frequency at the site 
	Expected average crash frequency at the site 


	Excess Expected Average Crash Frequency with EB Adjustments 
	Excess Expected Average Crash Frequency with EB Adjustments 
	Excess Expected Average Crash Frequency with EB Adjustments 

	Yes 
	Yes 

	Expected average crash frequency per year at the site 
	Expected average crash frequency per year at the site 




	 
	2.2.5 Screen and Evaluate Results 
	The final step of the network screening process, screen and evaluate results, refers to the process used to run network screening. Since state roadway networks generally constitute very large datasets, it is necessary to use computer programs to run the network screening model. In the case of the BYU-UDOT model, much of this analysis is done using the coding language, “R: A language and environment for statistical computing” (R), while the data management and 
	report creation is done in Microsoft Excel. Moreover, the BYU-UDOT network screening process is further described in Section 
	report creation is done in Microsoft Excel. Moreover, the BYU-UDOT network screening process is further described in Section 
	2.5
	2.5

	 of the literature review. Alternatively, it is possible to perform network screening using only R since R is capable of statistical analysis as well as data management and report creation. Similar coding languages like Python may also be used for modeling based on the user’s preference. 

	2.3 Evaluation of Segmentation Methods 
	In addition to choosing an appropriate statistical distribution, it is important to separate crash data by roadway characteristics to create homogenous roadway sites. The process of separating by roadway characteristics is called segmentation. According to an investigation by Cafiso et al. (2018), the most significant factors that contribute to segmentation are the number of curves, length, and average annual daily traffic (AADT). The HSM recommends using AADT, number of lanes, curvature, lane width, should
	Within the literature, the most common segmentation process was that of homogeneous segmentation. 
	Within the literature, the most common segmentation process was that of homogeneous segmentation. 
	Table 2.2
	Table 2.2

	 shows a sampling of research teams that implemented a homogeneous segmentation into their crash analyses, including the variables that were used in the process. The starred values in the table represent characteristics that may be included in the HSM definition. The HSM defines a homogeneous segment as “a portion of roadway with similar average daily traffic volumes (veh/day), geometric design, and traffic control features,” and typically separates segment analyses by urban/rural and number of lanes (AASHT
	Table 2.2
	Table 2.2

	, Gaweesh et al. (2019) and Ogle et al. (2018) also performed roadway segmentation. The researchers did not use an original set of variables, but instead expressly stated that the AASHTO method was implemented and were thus not included in the table. 

	The research performed by Schultz et al. (2020), referenced in 
	The research performed by Schultz et al. (2020), referenced in 
	Table 2.2
	Table 2.2

	, was performed on roadway and crash data from UDOT that covered the entire network of state routes. The 

	variables used in the segmentation process have been used in similar BYU research dating back to 2012 where BYU researchers established a framework for crash data analysis that included four roadway characteristics used for homogeneous segmentation: AADT, functional class, number of through lanes, and speed limit (Schultz et al., 2012). Beginning in 2013, the crash analysis research has included urban code as a fifth segmentation variable (Schultz et al., 2013). 
	Table 2.2 Variables Used in Homogenous Segmentation Methods  
	 
	 
	 
	 
	 

	Variables Used 
	Variables Used 



	 
	 
	 
	 

	(CCR = Curvature Rate; RHR = Roadside Hazard Rating) 
	(CCR = Curvature Rate; RHR = Roadside Hazard Rating) 


	Source 
	Source 
	Source 

	AADT 
	AADT 

	CCR 
	CCR 

	Functional Class 
	Functional Class 

	Grade 
	Grade 

	Number of Lanes 
	Number of Lanes 

	Percent Tunnel 
	Percent Tunnel 

	RHR 
	RHR 

	Speed Limit 
	Speed Limit 

	Urban Code 
	Urban Code 

	Width (shoulder) 
	Width (shoulder) 

	Width (roadway) 
	Width (roadway) 


	AASHTO (2010) 
	AASHTO (2010) 
	AASHTO (2010) 

	X 
	X 

	* 
	* 

	* 
	* 

	* 
	* 

	X 
	X 

	 
	 

	* 
	* 

	* 
	* 

	X 
	X 

	* 
	* 

	* 
	* 


	Borsos et al. (2016) 
	Borsos et al. (2016) 
	Borsos et al. (2016) 

	X 
	X 

	X 
	X 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	X 
	X 

	 
	 

	X 
	X 

	X 
	X 


	Cafiso et al. (2010) 
	Cafiso et al. (2010) 
	Cafiso et al. (2010) 

	X 
	X 

	X 
	X 

	 
	 

	 
	 

	 
	 

	 
	 

	X 
	X 

	 
	 

	 
	 

	 
	 

	X 
	X 


	Cafiso et al. (2018) 
	Cafiso et al. (2018) 
	Cafiso et al. (2018) 

	X 
	X 

	X 
	X 

	 
	 

	X 
	X 

	 
	 

	X 
	X 

	X 
	X 

	 
	 

	 
	 

	 
	 

	 
	 


	Kwon et al. (2013) 
	Kwon et al. (2013) 
	Kwon et al. (2013) 

	 
	 

	 
	 

	 
	 

	 
	 

	X 
	X 

	 
	 

	 
	 

	 
	 

	X 
	X 

	 
	 

	 
	 


	Schultz et al. (2020) 
	Schultz et al. (2020) 
	Schultz et al. (2020) 

	X 
	X 

	 
	 

	X 
	X 

	 
	 

	X 
	X 

	 
	 

	 
	 

	X 
	X 

	X 
	X 

	 
	 

	 
	 


	*Represent characteristics that may be included in the HSM (AASHTO, 2010) definitions depending on the roadway type and statistical validity 
	*Represent characteristics that may be included in the HSM (AASHTO, 2010) definitions depending on the roadway type and statistical validity 
	*Represent characteristics that may be included in the HSM (AASHTO, 2010) definitions depending on the roadway type and statistical validity 




	2.4 Severity-Weighted Hot Spot Analysis 
	One of the downfalls of most network screening methods is that they don’t account for the significance of high severity crashes. Most sources in the literature classify crash severity according to the KABCO severity (FHWA, 2017). Therefore, UDOT has adopted a similar scale using values 1 through 5. The two scales are shown side by side in 
	One of the downfalls of most network screening methods is that they don’t account for the significance of high severity crashes. Most sources in the literature classify crash severity according to the KABCO severity (FHWA, 2017). Therefore, UDOT has adopted a similar scale using values 1 through 5. The two scales are shown side by side in 
	Table 2.3
	Table 2.3

	 along with the UDOT severity descriptions. Crashes which rank between K and B on the KABCO scale and 3 through 5 on the UDOT scale have a greater impact on society than other severities. Therefore, it is useful to weight these crash severities higher when performing hot spot analysis. Fortunately, a few of the performance measures listed in the HSM and shown previously in 
	Table 2.1
	Table 2.1

	, as well as alternative methods, allow for some level of severity ranking in hot spot analysis. These include relative severity index, critical rate, and average EPDO crash frequency with statistical adjustment, as well as alternative methods using surrogate safety measures (SSMs) (Stipancic et 

	al., 2019). Additionally, the BYU-UDOT research team developed two models called the Crash Analysis Methodology for Segments – Severity (CAMS-S) and the Utah Intersection Crash Severity Model (UICSM) which attempt to rank sites based on their proportion of severe crashes, (ranked 3-5), to overall crashes (Schultz et al., 2020). This section of the literature review is dedicated to exploring these hot spot analysis methods in greater detail as well as the statistical methods used for modeling crash severity.
	Table 2.3 KABCO and UDOT Crash Severity Scales 
	KABCO 
	KABCO 
	KABCO 
	KABCO 
	KABCO 

	UDOT 
	UDOT 

	Severity 
	Severity 



	K 
	K 
	K 
	K 

	5 
	5 

	Fatal Injury 
	Fatal Injury 


	A 
	A 
	A 

	4 
	4 

	Suspected Serious Injury 
	Suspected Serious Injury 


	B 
	B 
	B 

	3 
	3 

	Suspected Minor Injury 
	Suspected Minor Injury 


	C 
	C 
	C 

	2 
	2 

	Possible Injury 
	Possible Injury 


	O 
	O 
	O 

	1 
	1 

	Property Damage Only 
	Property Damage Only 




	 
	2.4.1 Evaluation of Crash Severity Models 
	In previous years, the BYU-UDOT team developed a crash severity model called the Utah Crash Severity Model (UCSM) for segments and the UICSM for intersections. This model evolved into the CAMS-S for segments and the updated UICSM for intersections but uses the same methodology for evaluating crash severity. The CAMS-S model was created to identify segments that may not necessarily have an unusually large number of crashes, but that have an unusually high proportion of injury crashes. In other words, the mod
	One way to model EPDO crashes is to apply the predictive method described in the HSM. This is reliable for modeling EPDO crashes because it uses statistical regression to account for RTM bias. Therefore, the only thing which sets this method apart from the predictive 
	method for total crashes is determining the weights of each crash severity. This is done by determining the average societal cost for each crash severity and dividing this with the average cost of PDO crashes. The actual weights for different crash severities may vary depending on location and the criteria used. 
	method for total crashes is determining the weights of each crash severity. This is done by determining the average societal cost for each crash severity and dividing this with the average cost of PDO crashes. The actual weights for different crash severities may vary depending on location and the criteria used. 
	Table 2.4
	Table 2.4

	 shows the weighted and unweighted crash costs given by UDOT for 2021 (UDOT, 2021a). This EPDO method has the advantage of giving a severity score to each roadway, but it has the disadvantage of ranking sites with a small number of severe crashes higher. This is the case for most severity-weighted ranking procedures, so it is valid to have separate models for total crashes and severity-weighted crashes. 

	Table 2.4 Updated Crash Costs for Use in Benefit Calculations (2020 Dollars) 
	Severity 
	Severity 
	Severity 
	Severity 
	Severity 

	Severity No. 
	Severity No. 

	Crash Cost Weighted 
	Crash Cost Weighted 

	Crash Cost Unweighted 
	Crash Cost Unweighted 

	Unweighted 
	Unweighted 
	EPDO 



	K (Fatal) 
	K (Fatal) 
	K (Fatal) 
	K (Fatal) 

	5 
	5 

	$ 3,078,500 
	$ 3,078,500 

	$14,010,300 
	$14,010,300 

	828 
	828 


	A (Sus. Serious Injury) 
	A (Sus. Serious Injury) 
	A (Sus. Serious Injury) 

	4 
	4 

	$ 3,078,500 
	$ 3,078,500 

	$ 805,800 
	$ 805,800 

	47 
	47 


	B (Sus. Minor Injury) 
	B (Sus. Minor Injury) 
	B (Sus. Minor Injury) 

	3 
	3 

	$ 264,000 
	$ 264,000 

	$ 264,200 
	$ 264,200 

	16 
	16 


	C (Possible Injury) 
	C (Possible Injury) 
	C (Possible Injury) 

	2 
	2 

	$ 148,000 
	$ 148,000 

	$ 148,000 
	$ 148,000 

	9 
	9 


	O (PDO) 
	O (PDO) 
	O (PDO) 

	1 
	1 

	$ 17,000 
	$ 17,000 

	$ 17,000 
	$ 17,000 

	1 
	1 


	KA (Severe) 
	KA (Severe) 
	KA (Severe) 

	5,4 
	5,4 

	$ 3,078,500 
	$ 3,078,500 

	N/A 
	N/A 

	182 
	182 


	KAB (Injury) 
	KAB (Injury) 
	KAB (Injury) 

	5,4,3 
	5,4,3 

	$ 806,700 
	$ 806,700 

	N/A 
	N/A 

	48 
	48 


	KABC (Anticipated Injury) 
	KABC (Anticipated Injury) 
	KABC (Anticipated Injury) 

	5,4,3,2 
	5,4,3,2 

	$ 415,100 
	$ 415,100 

	N/A 
	N/A 

	24 
	24 


	KABCO (Total Crashes) 
	KABCO (Total Crashes) 
	KABCO (Total Crashes) 

	5,4,3,2,1 
	5,4,3,2,1 

	$ 134,300 
	$ 134,300 

	N/A 
	N/A 

	8 
	8 




	 
	2.4.2 Statistical Modeling of Crash Severity 
	Part of analyzing hot spots is establishing an expected baseline for similar segments of roadway. This allows for identifying areas that have a lot of potential for improvement while distinguishing between segments and intersections of varying length, volume, and other such uncontrollable factors that could otherwise inflate crash frequencies. However, modeling crash severity presents an interesting challenge (Yasmin and Eluru, 2018). Because crash severity in the KABCO model ranges from PDO to fatal injuri
	There are numerous examples of ordinal models in the literature, and the Bayesian approaches are often used due to their ability to model spatially related data in a hierarchical way. The ordered logistic probit model is prominent among these models and has been used to 
	great effect in modeling crash severity (Hou et al., 2022). Additionally, researchers found that using a generalized logistic probit model with a Leroux conditional autoregressive prior increased model efficiency when predicting crash data due to its increased ability to model spatial correlation (Zeng et al., 2021). Another approach to modeling ordered data is the nested logit, which essentially branches the prediction from general categories to specific ones (e.g., the first step for predicting a crash wi
	2.4.3 Using Joint Crash Count and Severity Models 
	When modeling crash counts and severity, a model that calculates both at the same time while introducing a correlation term between the models can be useful. Recently, such an approach to modeling has been used to great effect to improve upon previous models utilizing negative binomial crash count models and ordered logit fractional split severity models (Afghari et al., 2020; Yasmin and Eluru, 2018). This approach results in more accurate crash counts of both total and severity-specific crashes compared to
	2.4.4 Using Crash Type in Severity Modeling  
	Sometimes it is useful to perform hot spot analysis with regards to crash type as well as severity. One useful application of modeling crash type comes from the first step of network screening, establishing the focus. The HSM explains this step as deciding whether to perform hot 
	spot analysis for sites that would benefit most from general countermeasures, or sites that would benefit most from a specific countermeasure. The advantage of defining a specific countermeasure is that it allows transportation officials to use funds appropriated for a specific type of safety improvement (e.g., a rumble strip implementation program). Some researchers have explored the possibility of identifying sites with a high proportion of specific crash types to achieve this. This method is helpful for 
	With regards to the statistical approach to modeling crash types, there are various options. However, within the Bayesian framework the model that is best suited for data with many unordered classes in general is logistic regression (Gladence et al., 2015). This model has been applied to many situations and has proven to be useful (Held and Holmes, 2006). Additionally, it is likely superior to a maximum likelihood (ML) approach due to the relatively small dataset of each intersection, which has proved to be
	2.5 Previous Utah Safety Research 
	Among the UDOT-contracted research performed at BYU are two methodologies related to the present research: the updated ISAM and the CAMS (Schultz et al., 2020). The following sections will describe these parts, give background on these two methodologies, and detail their connection to the present research. More detail on this research can be found in the UDOT report published by Schultz et al. (2020). 
	2.5.1 Crash Analysis Methodology for Segments 
	CAMS was created in 2019 to model segment-related crashes. It is largely based on the Roadway Safety Analysis Methodology (RSAM) which was first developed by a BYU research team in 2016 and works in much the same way (Schultz, et al., 2016). However, while the RSAM analyzed the entire roadway network, CAMS specifically excludes intersection-related crashes thus only analyzing segment-related crashes. 
	The three parts of the CAMS aim at identifying hot spots along Utah’s state route network based on crash data and segments of similar characteristics. First, the data are prepared into one cohesive file of segments, their characteristics, and the crashes pertaining to them; second, the segments undergo statistical analysis; and third, technical reports are created for high-priority segments.  
	2.5.2 Intersection Safety Analysis Methodology 
	First completed in 2018, the ISAM was developed to analyze and rank intersections with two or more state routes. It was updated in 2019 to include intersections between state routes and minor roads as well as using updated methods of intersection identification from UDOT. The general process is the same as the CAMS shown in 
	First completed in 2018, the ISAM was developed to analyze and rank intersections with two or more state routes. It was updated in 2019 to include intersections between state routes and minor roads as well as using updated methods of intersection identification from UDOT. The general process is the same as the CAMS shown in 
	Figure 2.2
	Figure 2.2

	, except that segment-related crashes are excluded, and intersection-related crashes are analyzed (Schultz et al., 2020). 

	2.5.3 Data Preparation 
	The first part of the CAMS and ISAM was to prepare the data for statistical modeling. All the necessary data came from UDOT, most of which can be found on the UDOT Open Data Portal (UDOT, 2021b). 
	The data preparation was done with the use of VBA programming, a basic language used within Excel to create macros and organize data. Four crash data files (Crash Data, Crash Rollup, Crash Location, and Vehicles) were combined into one file. The Crash Locations file was used to identify which crashes occurred on a state route and all other crashes were deleted. Information from the three other crash files were then attached to the remaining crashes by matching crash Identification Numbers (IDs) across the f
	intersection related or not. These crashes were excluded from the CAMS while all other crashes are excluded from the ISAM. 
	 
	Figure
	Figure 2.2 The CAMS process (Schultz et al., 2020) 
	In addition, the CAMS uses six roadway characteristic data files to modify the crash data, (AADT, State Route Functional Class, Intersections, Lanes, Speed Limit, and Urban Code). These files are important for the segmentation method used in CAMS. For the ISAM, eight roadway data files are added to the crash data, (AADT, State Route Functional Class, Intersections, Lanes, Pavement Messages, Speed Limit, Urban Code). The input form used to begin both the roadway data preparation and the crash data preparatio
	In addition, the CAMS uses six roadway characteristic data files to modify the crash data, (AADT, State Route Functional Class, Intersections, Lanes, Speed Limit, and Urban Code). These files are important for the segmentation method used in CAMS. For the ISAM, eight roadway data files are added to the crash data, (AADT, State Route Functional Class, Intersections, Lanes, Pavement Messages, Speed Limit, Urban Code). The input form used to begin both the roadway data preparation and the crash data preparatio
	Figure 2.3
	Figure 2.3

	 for the CAMS and 
	Figure 2.4
	Figure 2.4

	 for the ISAM. 

	 
	 
	 
	 
	 
	Figure
	Figure 2.3 Input form for CAMS data preparation 
	 
	Figure
	Figure 2.4 Input form for ISAM data preparation 
	The data from the two new files, one containing crash information and the other containing roadway information, are then integrated together. Each segment or intersection is given a unique ID to distinguish it from the others and to allow for quick reference between files. Crashes are matched to segments and intersections based on the route and milepost at which the crash occurred, and crash totals are appended onto each line of roadway data. In addition, a 
	column is added to the crash data file that contains the ID of the segment or intersection with which the crash is associated. This final data preparation process results in two files: one containing detailed roadway information with associated crash totals and the other containing detailed crash information organized by associated segment or intersection. 
	2.5.4 Statistical Analysis 
	The second part of the CAMS and ISAM is to determine hot spots, or portions of the highway network that have observed significantly more crashes in a 5-year period than was predicted for that same time span. Four separate statistical analyses have been developed for this purpose: the Crash Analysis Methodology for Segments – Prediction (CAMS-P), the CAMS-S, the UICPM, and the UICSM. The CAMS-P and the UICPM predict how many crashes of specified crash severities (e.g., 3, 4, 5) are likely to occur at a segme
	2.5.5 Technical Reports 
	The third part of the CAMS and ISAM is to create two-page technical reports for high-priority segments and intersections. These are called Segment Safety Analysis Reports (SSARs) for the CAMS and Intersection Safety Analysis Reports (ISARs) for the ISAM. For the CAMS, this process begins with a few steps in the ArcMap geospatial software published by Esri (2019) to calculate roadway conditions such as grade, curvature, and number of signs per mile that are displayed in the SSAR. Python scripts compatible wi
	The process also includes using additional VBA code to populate tables found in the SSAR and ISAR. These tables display information about roadway characteristics, as well as historical and current conditions of the site, and a list of potential countermeasures. Once the automated steps have been completed, research analysts then use individual SSARs and ISARs and perform virtual site visits using online tools to gather more information on the background and current conditions of each segment. The user can c
	2.6 Summary 
	Network screening for determining sites with potential for safety improvement involves selecting appropriate performance measures and works best when using an effective statistical model to account for RTM in crash data.  
	Sometimes it is helpful to account for the severity of crashes when performing network screening because higher severity crashes have a much more significant impact on society. The literature discusses many ways to do this. The ISAM and CAMS models only account for the ratio of high severity crashes to total crashes, they do not account for the weight of specific crash severities. The HSM discusses using EPDO to weight crashes by severity and allows for crashes of all severities to be considered. However, p
	The literature also discusses several methods of identifying intersection- and segment- related crashes. The most common method is to use a set distance from the intersection, but this distance varies between studies. Alternatively, intersection-related crashes can be determined by using the approach speed limit to determine the range around the intersection for intersection-related crashes. The literature also recommends using homogeneous segmentation so that 
	roadways can be compared to other roadways with similar characteristics, although the variables used for segmentation varied within the literature. 
	In the past, BYU-UDOT research has created a model for total crashes (UCPM-UICPM) and for severe crashes (UCSM-UICSM). The UCSM-UICSM gives attention to severe crashes but does not weight them in comparison to less severe crashes. This literature review serves to find ways to improve the model so that it accounts for severity-weighted crashes. This review also identifies best ways to identify intersection-related crashes so that general improvements can be made to the BYU-UDOT model. 
	 
	3.0 DATA COLLECTION 
	3.1 Overview 
	This chapter describes the various data files used, specifically detailing how they were acquired and how they were used within the research. There are two types of data used: roadway data which contains information on the physical characteristics of Utah roadways and crash data which contains information about all the crashes occurring on Utah roadways. Data relevant to the TOMS is used to distinguish specific roadway characteristics and create different segments or intersections, while data essential to t
	3.2 Roadway Data 
	There are 12 roadway files used within the TOMS which are: Routes, AADT, Functional Class, Speed Limit, Urban Code, Lanes, Intersections, Medians, Driveways, Shoulders, Utah Transit Authority (UTA) Stops, and Schools. The UDOT Open Data Portal (UDOT, 2021b) provided seven of these files (Routes, AADT, Functional Class, Lanes, Medians, Driveways, Shoulders). The files are exported directly from the website reported on data from the new adjusted Linear Referencing System (ALRS) that UDOT implemented in the Su
	3.2.1 Routes 
	The Routes data file is a list of all state and federal aid routes from UDOT. The data file includes information on the route name, direction, type, and beginning and ending mile points. The route files serve as a reference point for the other data files also on the ALRS, ensuring that 
	the beginning and ending mile points of the routes match up. A supplemental file provided by UDOT provided an extensive list of divided state routes with the corresponding mile points. 
	3.2.2 AADT 
	The AADT data file is a list of the all state and federal routes and their respective daily traffic volumes along with percentages of single-unit trucks (SUTRK) and combination-unit trucks (CUTRK) along each roadway. The data file reports AADT data from 1981 to 2020 and SUTRK and CUTRK data from 2010 to 2020. This data file was updated in the Summer of 2022 and is on the ALRS. AADT is essential to the segmentation of roadways within TOMS as highlighted previously in 
	The AADT data file is a list of the all state and federal routes and their respective daily traffic volumes along with percentages of single-unit trucks (SUTRK) and combination-unit trucks (CUTRK) along each roadway. The data file reports AADT data from 1981 to 2020 and SUTRK and CUTRK data from 2010 to 2020. This data file was updated in the Summer of 2022 and is on the ALRS. AADT is essential to the segmentation of roadways within TOMS as highlighted previously in 
	Table 2.2
	Table 2.2

	.  

	3.2.3 Functional Class 
	The Functional Classification data file is a list of all the state and federal routes, the county the route is in, and a description of the grouping each route is in depending on their function. This data file was updated in the Summer of 2022 and is on the ALRS. Functional classification is essential to the segmentation of roadways within TOMS. 
	3.2.4 Speed Limit 
	The Speed Limit data file is a list of all the state and federal routes and the posted speed limit of each of the segments of the route. It was previously used to calculate functional area of intersections for the intersection models. This data file was provided by UDOT due to the updated data file on the ALRS not being available on the website. There were several missing speed limits along routes which were manually filled either from data provided directly from UDOT or using Google Streetview imagery (Goo
	3.2.5 Urban Code 
	The Urban Code data file is a list of all the state and federal routes within urban areas. It was provided directly from UDOT and is not accessible from the website. Utah Urban areas are as follows: Logan, Ogden-Layton, Provo-Orem, Salt Lake City, and St. George. In addition to the five urban areas the roadways may also be classified as small urban, rural, and unknown. 
	Each urban area has a unique five-digit code that is given to the roadways depending on their location. The urban code is essential to the segmentation of roadways within TOMS. 
	3.2.6 Lanes 
	The Lanes data file is a list of all the state routes and their lane configuration and count. It includes information for different lane types such as: auxiliary, through, deceleration, acceleration, turn, and passing. Along with this data it has the width of through lanes. This data file was updated in the Summer of 2022 and is on the ALRS. There were several missing counts of through lanes along routes which were manually filled either from data provided directly from UDOT or using Google Streetview image
	3.2.7 Intersections 
	The Intersections data file is a list of all the intersections on state routes. While data on the physical characteristics for non-state routes was limited, this data file did include the mile point of the intersection, traffic control type, UDOT region, and volume counts. UDOT requested that intersections be split up by signalized and unsignalized for the final rankings. Using the traffic control type, intersections were split up by signal type but all other data remained the same. Functional area for each
	3.2.8 Medians 
	The Medians data file is a list of medians and traffic islands on state routes as well as median/island type and length of median. This is a new data file to be included in the research and statistical model. This data file was updated in the Summer of 2022 and is on the ALRS. While not used for the segmentation of roadways due to the abundance of medians in the data file, these data are essential to the JSM. 
	3.2.9 Driveways 
	The Driveways data file is a list of driveways along state routes and their width. This is a new data file to be included in the research and JSM. Driveway type and width are not considered but rather the number of driveways on each segment of roadway. This data file was updated in the Summer of 2022 and is on the ALRS. While not used for the segmentation of roadways due to the abundance of driveways in the data file, these data are essential to the JSM. 
	3.2.10 Shoulders 
	The Shoulders data file is a list of shoulders on state routes and their position and width. This is a new data file to be included in the research and statistical model. This data file was updated in the Summer of 2022 and is on the ALRS. While not used for the segmentation of roadways due to the abundance of shoulders in the data file, these data are essential to the JSM. 
	3.2.11 UTA Stops 
	The UTA Stops data file is a list of all UTA routes, their stops, and average weekday ridership. This is a new data file to be included in the research and statistical model specifically for the intersection model. The data file has been most recently updated August 2022. The presence of a UTA route near an intersection is used to inform the JSM. 
	3.2.12 Schools 
	The Schools data file is a list of all the locations of preschool and K-12 schools in the state of Utah. This is a new data file to be included in the research and statistical model specifically for the intersection model. This data was updated for the 2019-2020 school year. The presence of a school near an intersection is used to inform the JSM. 
	3.3 Crash Data 
	There are four crash data files used within TOMS which are: Crash, Location, Rollups, and Vehicle. The Crash file will be referred to as the crash Severity file within this report to avoid confusion with other crash files. UDOT provided these files directly along with a unique 
	crash ID for each file so that they can be joined for the analysis. While the unique crash ID pertains to an actual crash that occurred along Utah roadways this data was only used for crash safety analysis and not made available to the public. Each of the following subsections goes in detail about each of the specific crash files used. 
	3.3.1 Severity Data 
	The crash Severity data file is a list of crashes along with the manner of collision and crash conditions. Light, weather, roadway, junction, horizontal and vertical curves, and first harmful event are some of the attributes included in the file. Each of these attributes are assigned a code which corresponds to different conditions. This data file is essential for identifying the severity and manner of collision for each crash. 
	3.3.2 Location Data 
	The crash Location data file is a list of crashes along with their location. County, city, route, mile point, latitude longitude, and number of vehicles involved. This data file is essential to assigning each crash to a route or intersection and the corresponding UDOT region. 
	3.3.3 Rollups Data 
	The crash Rollups data file is a list of crashes along with specific details of the crash. Number of fatalities, number of injuries, pedestrian/pedacycle/motorcycle involvement, and intersection related are among the attributes included in the file. This data file is essential to determining primarily if crashes occur on segments or intersections as well as determining contributing circumstances to crashes. 
	3.3.4 Vehicle Data 
	The crash Vehicle data file is a list of each of the individual vehicles involved in the crash. Estimated speed, event sequence, travel direction, roadway description, and traffic control device description are among the attributes included in this file. This data file is essential for the report compiler. 
	3.4 Summary 
	The roadway and crash data files are all essential to TOMS and allow for a robust analysis of Utah roadway segments and intersections and how crashes occur on these roadways. While the roadway data is critical in the segmentation process and describing the characteristics of segments and intersections, the crash data allows each individual crash to be assigned to its corresponding roadway for analysis. The compilation of roadways and crash data is described in the next chapter.
	4.0 DATA EVALUATION 
	4.1 Overview 
	This chapter describes how roadway and crash data from the previous chapter were screened and compiled to create an input file for the statistical model. In previous research, VBA macros were used within a Microsoft Excel Macro-Enabled worksheet referred to as the R Graphical User Interface (RGUI) workbook to merge all the data files. The RGUI in its entirety has been rebuilt in R, a free software environment for statistical computing. This chapter will describe the methodology within R as well as the requi
	4.2 Methodology in R 
	R is a free, open-source software that is a robust upgrade compared to the capabilities of Microsoft Excel. It allows for much more effective data handling and can integrate both comma-separated values (.csv) files and shapefiles into the same data frame. Since it is built around the R language, it can be used to perform complex custom-created functions which greatly reduce the total time of the compilation process and the total amount of code needed. Previously, two different inputs were required to create
	4.3 TOMS Code  
	TOMS is set up within R with six different files, one of these files is referred to as an R Markdown file from which code can be executed in a specific order. The other five files are R Scripts, and within them, contain the specific code that is executed. These scripts are meant to run in series and not parallel. The order they were listed in is the order in which they were run. 
	The following subsections go into more depth on each script and the processes that each script contains. The five scripts are as follows: Functions, Read In, Roadway Prep, Crash Prep, and Compile. 
	4.3.1 Functions Script 
	The Functions script contains all functions that were created by the BYU team to conduct the data compilation. Any function that did not already exist within R packages is listed within this script and is essential to the TOMS. There are various types of functions that needed to be created for the TOMS, which include: data prep, segment cleaning, AADT, ALRS correction, segment creation, combine, and simple computational functions.  
	4.3.2 Read In Script 
	The Read In script reads in all the necessary data for the TOMS. For the roadway data, various datasets were formatted to make sure only the segments of state routes and intersections along state routes were being analyzed. Unwanted attributes from each dataset were removed and the route names and mile points were adjusted to the same format. Unwanted attributes included: date that the data were collected, metadata describing who collected the data, and attributes that could be found from other data. Duplic
	4.3.3 Roadway Prep Script 
	Twelve data files were used to create the roadway data files used for analysis. The extensive list of those 12 are outlined in the previous chapter along with the specific attributes used from each one. The following subsections outline the R process for combining roadway files, and the subsequent files that are created from the process. 
	4.3.3.1 R Process 
	Figure 4.1
	Figure 4.1
	Figure 4.1

	 outlines the process to combine roadway files. The five data files used to create the homogenous segments and the file from which intersections were listed are individually noted, while supplemental data such as medians, driveways, shoulders, etc. are considered as “other data.” 

	 
	Figure
	Figure 4.1 Outline of process to combine roadway files 
	This roadway process produced a data file for both segments and intersections simultaneously. All data were read in and formatted to be combined as detailed in Section 
	This roadway process produced a data file for both segments and intersections simultaneously. All data were read in and formatted to be combined as detailed in Section 
	4.3.2
	4.3.2

	. After the “Filter Roadway Datasets” process selected the appropriate data for the analysis the “Combine Roadway Datasets” process began. This process varied for segments and intersections and the “Segment Roadway Data” process only applied to segments.   

	For segments, the five principal segment datasets were merged to create unique segments for the analysis. Using the standardized formatting of state routes and mile points, the five principal datasets were combined into one. After the “Combine Roadway Datasets” process was finished, the “Segment Roadway Data” process began. If a variable from the five principal datasets changed along a segment then a new segment was created. Supplemental data were 
	added afterwards and were assigned based on the mile points of the segments. Adjacent segments that were homogenous were combined to simplify the analysis. Segments whose total length was less than 0.1 mile were combined with the adjacent segment that was most similar. Any missing data were filled in either manually with corrections provided by UDOT or estimated using the interpolation of the data of adjacent segments. Once the segment roadway file was pivoted for the five-year period of AADT data it was fi
	For intersections, the intersections dataset was used and data from the five principal datasets used to create segments along with any other data were added to each of the intersections. The intersection file was merged with data from all other datasets to create the intersection roadway file. To facilitate assigning crashes to the intersection, an area of influence was determined by intersection type to provide a specific distance around intersections and crashes that fell within the distance would be assi
	For intersections, the intersections dataset was used and data from the five principal datasets used to create segments along with any other data were added to each of the intersections. The intersection file was merged with data from all other datasets to create the intersection roadway file. To facilitate assigning crashes to the intersection, an area of influence was determined by intersection type to provide a specific distance around intersections and crashes that fell within the distance would be assi
	Table 4.1
	Table 4.1

	 provides a list provided by UDOT of the area of influence assigned to each intersection type. 

	Table 4.1 Area of Influence of Intersections 
	Intersection Type 
	Intersection Type 
	Intersection Type 
	Intersection Type 
	Intersection Type 

	Area of Influence (ft) 
	Area of Influence (ft) 



	Signal Control 
	Signal Control 
	Signal Control 
	Signal Control 

	300 
	300 


	Minor Leg Stop Control 
	Minor Leg Stop Control 
	Minor Leg Stop Control 

	150 
	150 


	All Way Stop Control 
	All Way Stop Control 
	All Way Stop Control 

	100 
	100 


	Yield Control 
	Yield Control 
	Yield Control 

	100 
	100 


	Uncontrolled 
	Uncontrolled 
	Uncontrolled 

	100 
	100 


	Roundabout 
	Roundabout 
	Roundabout 

	300 
	300 


	Offset Left-Turn (CFI) 
	Offset Left-Turn (CFI) 
	Offset Left-Turn (CFI) 

	400 
	400 


	Median Thru-U Turn 
	Median Thru-U Turn 
	Median Thru-U Turn 

	400 
	400 


	R-Cut 
	R-Cut 
	R-Cut 

	400 
	400 


	SPUI 
	SPUI 
	SPUI 

	500 
	500 


	DDI 
	DDI 
	DDI 

	400 
	400 


	Active Transportation Only 
	Active Transportation Only 
	Active Transportation Only 

	100 
	100 


	Railroad Crossing 
	Railroad Crossing 
	Railroad Crossing 

	100 
	100 




	 
	The area of influence was notated as Leg Distance within the data. Any missing data were filled in either manually with UDOT corrected data or estimated using data of intersections along the same route. After pivoting the intersections roadway file for the five-year period of AADT data, the file was finished and ready to be combined with the crash data. 
	4.3.3.2 Final Roadway File 
	The final roadway file for segments and intersections was formatted with five rows for each unique segment or intersection, with each row representing a different year of data. This allowed for crashes to be assigned to the respective site and year of where and when they occurred. Samples of the roadway files for both segments and intersections are given in 
	The final roadway file for segments and intersections was formatted with five rows for each unique segment or intersection, with each row representing a different year of data. This allowed for crashes to be assigned to the respective site and year of where and when they occurred. Samples of the roadway files for both segments and intersections are given in 
	Figure 4.2
	Figure 4.2

	 and 
	Figure 4.3
	Figure 4.3

	, respectively. 

	 
	Figure
	Figure 4.2 Sample of segment roadway file 
	 
	Figure
	Figure 4.3 Sample of intersection roadway file 
	For segments, the beginning and ending mile points, segment length in miles and feet, functional class, route type, county, UDOT region, speed limit, through lane count, through lane width, urban code, AADT, and percent trucks was shown. These columns were taken directly from the five principal datasets shown previously in 
	For segments, the beginning and ending mile points, segment length in miles and feet, functional class, route type, county, UDOT region, speed limit, through lane count, through lane width, urban code, AADT, and percent trucks was shown. These columns were taken directly from the five principal datasets shown previously in 
	Figure 4.1
	Figure 4.1

	. The segments are ordered by route number so that adjacent segments can be seen together as shown in 
	Figure 4.2
	Figure 4.2

	. The intersections file shows intersection ID, intersection description, intersection type, traffic control, leg distance, state route to state route, station, UDOT Region, longitude, latitude, elevation, primary route, secondary route, tertiary route, quandary route, quinary route, urban code, daily entering vehicles, million entering yearly vehicles, and daily entering trucks. Most of these columns came from the intersection file with the others coming from other datasets. The intersections are ordered b

	4.3.4 Crash Prep Script 
	Four data files are used to create the crash data files used for analysis. The four files are as follows: Severity, Location, Rollups, and Vehicle. They are outlined in the previous chapter along with the specific attributes used from each one. The following subsections explain the R process for combining the four crash files and explain the crash file for both segments and intersections. 
	4.3.4.1 R Process 
	Figure 4.4
	Figure 4.4
	Figure 4.4

	 outlines the process to combine crash files. The four data files used to create the complete crash file are individually noted.  

	This crash process produced a data file for both segments and intersections simultaneously. All crash data began with the “Filter Crash Datasets” process from the Read In script which is detailed in Section 
	This crash process produced a data file for both segments and intersections simultaneously. All crash data began with the “Filter Crash Datasets” process from the Read In script which is detailed in Section 
	4.3.2
	4.3.2

	. The “Combine Crash Datasets” process takes the four filtered data files and merges them based on crash ID. Crashes are assigned to the segments file by route and mile point and to the intersections file by latitude and longitude. The two crash files for segments and intersections were not pivoted as the crash datetime columns would be used to assign crashes to the respective year in the analysis period (2016-2020) along whatever segment or intersection they were assigned. In previous iterations of the res

	 
	Figure
	Figure 4.4 Outline of process to combine crash files 
	4.3.4.2 Intersection-Related Criteria 
	Crashes within the data have an attribute called “intersection related.” If a crash is marked “intersection related” and falls within the intersection area of influence detailed in 
	Crashes within the data have an attribute called “intersection related.” If a crash is marked “intersection related” and falls within the intersection area of influence detailed in 
	Table 4.1
	Table 4.1

	, then that crash must be assigned to an intersection. Crashes that are not marked “intersection related” but fall within this area of influence are not assigned to intersections but are assigned to the segment in which they occur. Crashes that are marked “intersection related” but do not fall within the area of influence of an intersection within the data are assigned to segments. Using a spatial join with the area of influence serving as a buffer, crashes that have the “intersection related” attribute are

	4.3.4.3 Final Crash File 
	The final crash file for segments and intersections was formatted in a way that each row represents a different crash. The year, location, severity, and number of vehicles involved is listed. These data were used to assign crashes to segments or intersections. Samples of the crash files for both segments and intersections are given in 
	The final crash file for segments and intersections was formatted in a way that each row represents a different crash. The year, location, severity, and number of vehicles involved is listed. These data were used to assign crashes to segments or intersections. Samples of the crash files for both segments and intersections are given in 
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	 and 
	Figure 4.6
	Figure 4.6

	, respectively. 

	 
	Figure
	Figure 4.5 Sample of segment crash file 
	 
	Figure
	Figure 4.6 Sample of intersection crash file 
	The segment and intersection data file includes crash ID, crash datetime, crash severity, various contributing factors, county, city, route, roadway type, route direction, ramp ID, mile point, latitude, and longitude. The only major difference between the two files is the inclusion of either a segment or intersection ID. Crashes were only counted as being on a segment or intersection. Both samples only show a fraction of the total data included in the file. Several other columns are present which were neces
	4.3.5 Compile Script 
	A total of 16 data files were used to create the combined segment and intersection data files used for analysis. The extensive list of those 16 are outlined in the previous chapter along with the specific attributes used from each one. The following subsections outline the R process used to combine the roadway and crash files and describe the final output file which serves as the statistical input. 
	4.3.5.1 R Process 
	Figure 4.7
	Figure 4.7
	Figure 4.7

	 outlines the process to combine the roadway and crash files. While the individual files used are not all noted, the previous figures provide a more detailed description of specific data files used.  

	 
	Figure
	Figure 4.7 Outline of process to combine roadway and crash files 
	This final combining process produced a data file for both segments and intersections simultaneously. 
	This final combining process produced a data file for both segments and intersections simultaneously. 
	Figure 4.7
	Figure 4.7

	 shows the entire process which includes much of the information shown previously in 
	Figure 4.1
	Figure 4.1

	 and 
	Figure 4.4
	Figure 4.4

	. The “Assign Crashes to Roadway Segments” process took the roadway files and crash files and the location data provided in them and assigned crashes to all segments and then all intersections. This part of the process only assigned location, severity, and vehicle data to each site. Crash attributes were added by looking at the crash IDs associated with each site and provided the number of crashes that contained those attributes. Crash attributes were assigned to the segments and intersections file. The two

	4.3.5.2 Final Combined File 
	The final combined file for segments and intersections was formatted in a way that there are five rows for each unique segment or intersection, with each row representing a different year of data. Crashes were assigned to the respective site and year of where and when they occurred. The attributes of the site were listed along with the total number of crashes, total crashes per severity, and crash characteristic data. Samples of the combined files for both segments and intersections are shown in 
	The final combined file for segments and intersections was formatted in a way that there are five rows for each unique segment or intersection, with each row representing a different year of data. Crashes were assigned to the respective site and year of where and when they occurred. The attributes of the site were listed along with the total number of crashes, total crashes per severity, and crash characteristic data. Samples of the combined files for both segments and intersections are shown in 
	Figure 4.8
	Figure 4.8

	 and 
	Figure 4.9
	Figure 4.9

	, respectively. 

	While the roadway data for segments and intersections differs, the addition of crash columns is exactly the same for both. The total number of crashes for each severity along with total crashes for each year of the respective segment or intersection are shown. Both samples only show a fraction of the total data included in the file. Several other columns are present describing other contributing roadway and crash characteristics which were necessary for the statistical analysis. Only the most important colu
	 
	Figure
	Figure 4.8 Sample of compiled segment crash and roadway file 
	 
	Figure
	Figure 4.9 Sample of compiled intersection crash and roadway file 
	4.4  Summary 
	Sixteen data files are used to create the combined crash and roadway data files used for analysis. Twelve contain roadway data while the other four contain crash data. The entire process is conducted from an R markdown file which requires that the following occur in a specific order: first, the functions are sourced; second, the data is read in; third, the data preparation script is run; finally, the compiling script is executed. Two output files are created from the process: a segments file, and an interse
	 
	5.0 STATISTICAL ANALYSIS 
	5.1 Overview 
	This chapter summarizes the statistical analysis to determine roadway hot spots in Utah. In previous research, two separate models, a prediction and severity model were used for the hot- spot ranking procedure. This current iteration uses an estimated monetary cost associated with crashes to account for the significance of high severity crashes on roadways. With the addition of an excess weighted risk score (EWRS) based on the unweighted crash cost, the two previous models in this current iteration are impr
	5.2 Count Model 
	The count model is the current iteration of the previous prediction model. It is an improvement because the crash count and crash severities are jointly modeled. This count model is derived from the techniques described in the literature where a joint model was used to identify road segments with high risk of fatal and serious injury crashes (Afghari et al., 2020). The count model is a negative binomial regression model. The functions used within this model are shown in Equation 5.1. 
	𝑋𝑖𝑗~𝑁𝐵(𝜇𝑖𝑗,𝑟)      
	    𝑷(𝑿𝒊𝒋= 𝒙)=(𝒙+𝒓−𝟏𝒙)(𝝁𝒊𝒋𝝁𝒊𝒋+𝒓)𝒙(𝒓𝝁𝒊𝒋+𝒓)𝒓      (5.1) 
	log(𝜇𝑖𝑗)=𝐰𝐢𝐣𝜷+𝐮𝐢𝐣𝜸  
	Where: 
	i 
	i 
	i 
	i 
	i 

	= 
	= 

	Number of years; 
	Number of years; 



	j 
	j 
	j 
	j 

	= 
	= 

	Roadway site (segment/intersection); 
	Roadway site (segment/intersection); 


	Xij 
	Xij 
	Xij 

	= 
	= 

	Total number of crashes at a site; 
	Total number of crashes at a site; 




	μij 
	μij 
	μij 
	μij 
	μij 

	= 
	= 

	Mean number of crashes at a site; 
	Mean number of crashes at a site; 


	r 
	r 
	r 

	= 
	= 

	Dispersion parameter; 
	Dispersion parameter; 


	wij 
	wij 
	wij 

	= 
	= 

	Attributes of the site used to estimate crash counts; 
	Attributes of the site used to estimate crash counts; 


	β 
	β 
	β 

	= 
	= 

	Average effects of the attributes in wij on the mean (subset by urban code); 
	Average effects of the attributes in wij on the mean (subset by urban code); 


	uij 
	uij 
	uij 

	= 
	= 

	Attributes of the site used to estimate both crash counts and crash severity; 
	Attributes of the site used to estimate both crash counts and crash severity; 


	γ 
	γ 
	γ 

	= 
	= 

	Average effects of the attributes in uij on the mean. 
	Average effects of the attributes in uij on the mean. 




	The count model looks at roadway and crash attributes that contribute to the total number of crashes occurring at roadway sites with similar characteristics. The number of crashes for roadway sites with certain characteristics is predicted. The number of crashes is converted to an EWRS, and, using the total number of crashes that occur at the roadway site, the actual EWRS is compared. This comparison is used in the final ranking. 
	5.3 Severity Model 
	The severity model is an improvement of the previous severity model used. The severity model is an ordinal multinomial model. The functions used within this model are shown in Equation 5.2. 
	𝐏(𝒀𝒊𝒋<= 𝒚)=𝝎(−𝝆𝒊𝒋+𝜽𝒚)       (5.2) 
	𝜌𝑖𝑗=𝐳𝐢𝐣𝜹+𝐮𝐢𝐣𝜸  
	Where: 
	i 
	i 
	i 
	i 
	i 

	= 
	= 

	Number of years; 
	Number of years; 



	j 
	j 
	j 
	j 

	= 
	= 

	Roadway site (segment/intersection); 
	Roadway site (segment/intersection); 


	Yij 
	Yij 
	Yij 

	= 
	= 

	Severity of a crash at a site; 
	Severity of a crash at a site; 


	ω 
	ω 
	ω 

	= 
	= 

	Standard cumulative logistic function; 
	Standard cumulative logistic function; 


	ρij 
	ρij 
	ρij 

	= 
	= 

	Latent variable used to estimate severity; 
	Latent variable used to estimate severity; 


	θij 
	θij 
	θij 

	= 
	= 

	Adjustment to the intercept for severity y; 
	Adjustment to the intercept for severity y; 


	zij 
	zij 
	zij 

	= 
	= 

	Attributes of the site used to estimate crash severity; 
	Attributes of the site used to estimate crash severity; 




	δ 
	δ 
	δ 
	δ 
	δ 

	= 
	= 

	Average effects of the attributes in zij on the latent variable. 
	Average effects of the attributes in zij on the latent variable. 


	uij 
	uij 
	uij 

	= 
	= 

	Attributes of the site used to estimate both crash counts and crash severity; 
	Attributes of the site used to estimate both crash counts and crash severity; 


	γ 
	γ 
	γ 

	= 
	= 

	Average effects of the attributes in uij on the latent variable (subset by urban code). 
	Average effects of the attributes in uij on the latent variable (subset by urban code). 




	The severity model analyzes roadway and crash attributes that contribute to the different severities of crashes occurring at roadway sites with similar characteristics. The severity of crashes for roadway sites with certain characteristics is predicted. The crashes are converted to an EWRS which is used in the final ranking. 
	5.4 Ranking 
	The joint model is run for both segments and intersections using the statistical input created from combining the roadway and crash data. The sites are compared by their EWRS based on the joint count and severity model. The EWRS from the joint count and severity model are used and those roadway sites with the highest EWRS are ranked the highest. 
	5.5 Statistical Output 
	After the statistical analysis is complete, a list of all segments and intersections is created with the ranking of all sites and output as a .csv file. The lists of top 10 segments, signalized intersections, and unsignalized intersections by region are generated for UDOT. These lists can then be screened with reports generated as explained in Chapter 6.   
	5.6 Summary 
	Severity is an important factor when creating a hot spot analysis. Instead of using two different models, one accounting for total number of crashes and another for the total number of severe crashes, the two models were combined using an EWRS. All segments and intersections are analyzed using this method. Those with the highest EWRS are marked as hot spots that can be screened by UDOT as outlined in the next chapter. 
	 
	6.0 REPORT COMPILER 
	6.1 Overview 
	This chapter goes over the report compiler that creates two-page reports of the top 10 hot spots for UDOT region engineers. While the report compiler itself has not changed from previous iterations of the research, it will be detailed within this chapter. It is noted that the feasibility of a Dashboard in R was explored as part of this research to replace the two-page reports. Although the Dashboard has potential for future applications, the Technical Advisory Committee chose not to pursue it further at thi
	6.2 Parameters File 
	The parameters file was previously created alongside the combined roadway and crash files within the CAMS and ISAM (Schultz et al., 2020) in VBA but now in R. The parameters file is created after the statistical analysis to assist in the creation of the two-page reports. The primary difference between the statistical output and the parameters file are that while the statistical output includes all the roadway characteristics and crash statistics, the parameters file includes specific details of each crash t
	6.3 Report Compiler 
	As previously stated, the Report Compiler was not updated and is accessible as a Macro-Enabled Workbook. Within this workbook, the creation of reports for both the top ranked 
	segment and intersection sites can be completed. 
	segment and intersection sites can be completed. 
	Figure 6.1
	Figure 6.1

	 shows the main sheet from which the report compilation process is conducted.  

	 
	Figure
	Figure 6.1 Report compiler main sheet 
	The “Start Macros” button leads to the prompt shown in 
	The “Start Macros” button leads to the prompt shown in 
	Figure 6.2
	Figure 6.2

	 which allows for the selection of report type whether that be for segments or intersections.  

	 
	Figure
	Figure 6.2 Report type selection 
	Following this prompt, the parameters file along with the statistical output must be selected to begin the report compilation process. 
	Following this prompt, the parameters file along with the statistical output must be selected to begin the report compilation process. 
	Figure 6.3
	Figure 6.3

	 and 
	Figure 6.4
	Figure 6.4

	 show the prompts that follow depending on the selection of the segment or intersection report type from 
	Figure 6.2
	Figure 6.2

	.  

	 
	Figure
	Figure 6.3 Segment selection form 
	 
	Figure
	Figure 6.4 Intersection selection form 
	From these prompts, the number of reports created, and the ranking can be adjusted. For this research, the top 10 reports for each region are created and are ranked by the highest scores 
	across the entire state. After the selection process, the reports are generated. The following section details the reports and the information they contain. 
	6.4 Two-Page Reports 
	The two-page reports are the final output of TOMS. While the report compiler has not been transitioned to R like the rest of the current model, it is an integral part of the research that allows the UDOT regions to prioritize funding and establish effective countermeasures to use and potentially save lives. The following subsections detail the different reports for segments and intersections and the information generated on each page organized by the page of the report (page one and page two). 
	 
	6.4.1 Segments 
	The purpose of the segment report is to summarize and present preliminary results from a safety-specific microanalysis on an identified segment of interest. The report includes information on segment metadata, characteristics, crash data, historical/current conditions, and possible countermeasures, all of which will be discussed in the following subsections. 
	6.4.1.1 Page One 
	Figure 6.5
	Figure 6.5
	Figure 6.5

	 shows the first page of the two-page reports that are sent to UDOT regions regarding segments that were within the top 10 of the hot spot ranking. There are six tables which are filled through the report compiler that are presented on the first page.  

	The first three tables contain roadway information. Table 1 describes the location of the segment and general information. This includes route, direction, mile points, length (in miles), and ranking. Table 2 follows and details some data from the five essential segmentation variables described previously in Section 
	The first three tables contain roadway information. Table 1 describes the location of the segment and general information. This includes route, direction, mile points, length (in miles), and ranking. Table 2 follows and details some data from the five essential segmentation variables described previously in Section 
	3.2
	3.2

	. This includes functional class, AADT, number of lanes, speed limit, and urban code. Table 3 contains the supplemental data from variables other than the essential five. This table was previously manually filled in but within the switch to R is filled through the report compiler.   

	The next four tables of the two page-reports contain crash information. Table 4 includes the crash and severity counts for crashes that occurred on the segment. Table 5 details the top seven crash factors for crashes along the segment and details how many of those crashes were injury crashes (Severity 3-5). Table 6 includes manner of collision data and like Table 5, details how many crashes per manner of collision were considered injury crashes.  
	6.4.1.2 Page Two 
	Figure 6.6
	Figure 6.6
	Figure 6.6

	 shows the second page of the two-page reports that are sent to UDOT regions regarding segments that were within the top 10 of the hot spot ranking. The second page is manually filled through virtual site visits conducted with Google Maps (Google, 2023b), Google Earth (Google, 2023a), and Roadview Explorer 5 (Mandli Communications, 2022). Photos from these sites are included within the report to show the surrounding geographical area along with a street view. Any major changes made to the roadway within the

	Following this section, possible engineering and policy countermeasures are suggested based on the data located in Table 5. These countermeasures are generated automatically through the report compiler and at least five are selected with a maximum of 12 to be included in the report. Following the site visit and selection of countermeasures the reports are sent to the UDOT regions that they correspond to. 
	 
	Figure
	Figure 6.5 Segment report example - page one 
	 
	Figure
	Figure 6.6 Segment report example - page two 
	6.4.2 Intersections 
	The purpose of the intersection report is to summarize and present preliminary results from a safety-specific microanalysis on an identified intersection of interest. Both signalized and unsignalized intersections will use the same report template. The report includes information on intersection metadata, characteristics, crash data, historical/current conditions, and possible countermeasures, all of which will be discussed in the following subsections organized by the page of the report (page one and page 
	6.4.2.1 Page One 
	Figure 6.7
	Figure 6.7
	Figure 6.7

	 shows the first page of the two-page reports that are sent to UDOT regions regarding intersections that were within the top 10 of the hot spot ranking. There are five tables which are filled through the report compiler that are presented on the first page.  

	The first two tables contain roadway information. Table 1 describes the location of the intersection and general information. This includes all intersecting routes, mile points of each of the routes, and ranking. Table 2 follows and details the intersection control type at the intersection along with some data from the segmentation variables described previously in Section 
	The first two tables contain roadway information. Table 1 describes the location of the intersection and general information. This includes all intersecting routes, mile points of each of the routes, and ranking. Table 2 follows and details the intersection control type at the intersection along with some data from the segmentation variables described previously in Section 
	3.2
	3.2

	. This includes functional class of the largest and smallest roadway, entering vehicles, number of lanes on main route, and maximum/minimum speed limit.   

	The next four tables of the two-page reports contain crash information. Table 3 includes the crash and severity counts for crashes that occurred on the segment. Table 4 details the top seven crash factors for crashes along the segment and details how many of those crashes were injury crashes (Severity 3-5). Table 5 includes manner of collision data and like Table 4, details how many crashes per manner of collision were considered injury crashes.  
	6.4.2.2 Page Two 
	Figure 6.8
	Figure 6.8
	Figure 6.8

	 shows the second page of the two-page reports that are sent to UDOT regions regarding intersections that were within the top 10 of the hot spot ranking. The second page is manually filled through virtual site visits conducted with Google Maps (Google, 2023b), Google Earth (Google, 2023a), and Roadview Explorer 5 (Mandli Communications, 2022). An aerial photo of the intersection is included to show the surrounding geographical area along with a 

	street view along the main route. Any major changes made to the intersection within the years of study (2016-2020) are noted in the site visit notes section. Changes such as an increase in the number of lanes or any change in intersection control are noted here.  
	Following this section, possible engineering and policy countermeasures are suggested based on the crash factors data located in Table 4. Similar to the segment report, these countermeasures are generated automatically through the report compiler and at least five are selected with a maximum of 12 to be included on the report. Following the site visit and selection of countermeasures the reports are sent to the UDOT regions that they correspond to. 
	6.5 Summary 
	The report compiler creates two-page reports of the top 10 hot spots of segments and intersections for UDOT Region engineers. The report compiler uses the statistical input file and a parameters file to create roadway site reports as well as to suggest possible countermeasures. These reports contain roadway and crash information organized in a manner that allows UDOT to quickly understand how many crashes are occurring at a site and potential causes for the crashes. While countermeasures are suggested, they
	 
	 
	Figure
	Figure 6.7 Intersection report example - page one 
	 
	Figure
	Figure 6.8 Intersection report example - page two 
	  
	7.0 ANALYSIS AND SUMMARY OF RESULTS 
	7.1 Overview 
	The TOMS output allows UDOT region engineers to review and determine which areas of roadway need improvement. After the data compilation and statistical analysis, the two-page reports are created for the top 10 “hot spots” in each UDOT region. These reports contain tables of roadway and crash data. This section will review the top 10 hot spot segments and intersections on Utah roadways. The following subsections describe the results of the segments, then intersections, the development of severity distributi
	7.2 Segments 
	Table 7.1
	Table 7.1
	Table 7.1

	 contains the results of the statistical analysis conducted on the compiled segments file. The rank, route, mile point, location, and functional class information of the segment are given in the first seven columns while the crash information is given in the next seven. The state ranking is determined by the EWRS score for each segment and is how they are subsequently ranked. The crash data is from 2016-2020. The top-ranking segments ranged from having nine crashes to 75 total crashes in the five-year perio

	Figure 7.1
	Figure 7.1
	Figure 7.1

	 shows a map of the top ranked segments. This map was developed by UDOT using ArcGIS (UDOT, 2023). This map shows the top 10 segments from each region which are ranked in the state from 1-54. The map shows that these top-ranked segments are all over the state in both urban and rural areas. 

	Table 7.1 Top 10 Segment Hot Spots 
	Observed Crashes (2016-2020) 
	Observed Crashes (2016-2020) 
	Observed Crashes (2016-2020) 
	Observed Crashes (2016-2020) 
	Observed Crashes (2016-2020) 

	Severity 
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	5 
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	Region 
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	2 
	2 

	4 
	4 
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	4 
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	Figure
	Figure 7.1 Map of top-ranked segments (UDOT, 2023) 
	7.3 Intersections 
	Table 7.2
	Table 7.2
	Table 7.2

	 contains the results of the statistical analysis conducted on the compiled intersections file. The rank, region, traffic control device, location, and intersection type information of the segment are given in the first nine columns, while the crash information is shown in the following seven columns. The state ranking is determined by the EWRS score for each intersection and is how they are subsequently ranked. The crash data is from 2016-2020. The top 10 intersections are not spread equally across the reg

	Figure 7.2
	Figure 7.2
	Figure 7.2

	 shows a map of the top-ranked intersections. The cluster of intersections are mainly in Salt Lake and Davis counties. Many of the top-ranked signalized intersections are shown to be in urban areas. More specifically, urban areas in Region 1 and Region 2. Unsignalized intersections are shown to be spread out in both urban and rural areas. They also are spread out amongst all four regions compared to the signalized intersections. 

	7.4 Development of Severity Distributions 
	Using TOMS and the JSM, the severity distributions were derived. 
	Using TOMS and the JSM, the severity distributions were derived. 
	  
	  


	 
	 
	 


	Table 7.3
	Table 7.3
	 shows the predicted average crash severity by segment type from 2016-2020. Segment types were split into urban and rural (with urban segments appearing first). The first column lists the segment type and below it, in parentheses, are the number of miles of that segment type that were analyzed.  The next five columns present the predicted percentage of crash severity, from PDO to fatal crashes. The final column is a 95 percent uncertainty interval on the predicted percentage of severe crashes (Suspected Ser

	Table 7.5
	Table 7.5
	Table 7.5

	 shows the average crash severity by intersection type for 2016-2020. Like the segment severity distributions, intersections are split up into urban and rural. Signalized and unsignalized intersections are both included within the table. The first column lists the intersection type and below it, in parentheses, are the number of intersections of that type that were analyzed. The next five columns present the predicted percentage of crash severity, from PDO to fatal crashes. The final column is a 95-percent 

	One issue that was observed in both the segment and intersection analysis is that the proportion of predicted rural severe crashes is biased low. The hierarchical nature of the statistical model attempts to link the multiple populations and tie them closer to each other (e.g., statistical borrowing of strength). Usually this is a desirable model characteristic. However, in this case it had an undesirable effect. Via a hypothesis test, the data provides strong evidence that the proportion of rural severe cra
	One issue that was observed in both the segment and intersection analysis is that the proportion of predicted rural severe crashes is biased low. The hierarchical nature of the statistical model attempts to link the multiple populations and tie them closer to each other (e.g., statistical borrowing of strength). Usually this is a desirable model characteristic. However, in this case it had an undesirable effect. Via a hypothesis test, the data provides strong evidence that the proportion of rural severe cra
	Table 7.4
	Table 7.4

	 and 
	Table 7.6
	Table 7.6

	 be used. The 95-percent uncertainty intervals were fit with a binomial model using a Bayesian framework with a uniform prior distribution on the proportion of severe crashes. 

	7.5 Applications of Research 
	The model results including the top 10 segments, signalized, and unsignalized intersections from each region were provided to UDOT. UDOT checked to verify that no recent 
	project that may have improved safety conditions and no planned or upcoming projects were already being considered for these sites. All remaining roadway sites were recommended for further consideration.  
	Table 7.7
	Table 7.7
	Table 7.7

	 shows the selected segments, 
	Table 7.8
	Table 7.8

	 shows the selected signalized intersections, and 
	Table 7.9
	Table 7.9

	 shows the selected unsignalized intersections from the analysis. The tables show general information and the state ranking of the selected sites. There were 26 segments, 20 signalized intersections, and 30 unsignalized intersections selected for a total of 76 roadway sites.  

	 
	Table 7.2 Top 10 Intersection Hot Spots 
	Observed Crashes (2016-2020) 
	Observed Crashes (2016-2020) 
	Observed Crashes (2016-2020) 
	Observed Crashes (2016-2020) 
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	Figure
	Figure 7.2 Map of top-ranked intersections (UDOT, 2023) 
	 
	  
	 
	Table 7.3: Average Crash Severity by Segment Type 
	Segment Type 
	Segment Type 
	Segment Type 
	Segment Type 
	Segment Type 
	(#) 

	No Injury (PDO) 
	No Injury (PDO) 

	Possible Injury 
	Possible Injury 

	Suspected Minor Injury 
	Suspected Minor Injury 

	Suspected Serious Injury 
	Suspected Serious Injury 

	Fatal 
	Fatal 

	Severe Crashes 95% Uncertainty Interval 
	Severe Crashes 95% Uncertainty Interval 


	Urban 
	Urban 
	Urban 



	2-Lane  
	2-Lane  
	2-Lane  
	2-Lane  
	(1091) 

	72.88% 
	72.88% 

	16.05% 
	16.05% 

	8.51% 
	8.51% 

	2.01% 
	2.01% 

	0.55% 
	0.55% 

	(2.26%, 2.89%) 
	(2.26%, 2.89%) 


	3-Lane w/TWLTL 
	3-Lane w/TWLTL 
	3-Lane w/TWLTL 
	(53) 

	71.90% 
	71.90% 

	16.57% 
	16.57% 

	8.84% 
	8.84% 

	2.12% 
	2.12% 

	0.57% 
	0.57% 

	(1.06%, 4.55%) 
	(1.06%, 4.55%) 


	4-Lane Divided  
	4-Lane Divided  
	4-Lane Divided  
	(371) 

	73.49% 
	73.49% 

	15.76% 
	15.76% 

	8.27% 
	8.27% 

	1.95% 
	1.95% 

	0.53% 
	0.53% 

	(2.26%, 2.71%) 
	(2.26%, 2.71%) 


	4-Lane Undivided  
	4-Lane Undivided  
	4-Lane Undivided  
	(303) 

	72.73% 
	72.73% 

	16.11% 
	16.11% 

	8.57% 
	8.57% 

	2.03% 
	2.03% 

	0.56% 
	0.56% 

	(2.13%, 3.09%) 
	(2.13%, 3.09%) 


	5-Lane w/TWLTL  
	5-Lane w/TWLTL  
	5-Lane w/TWLTL  
	(23) 

	69.40% 
	69.40% 

	17.75% 
	17.75% 

	9.83% 
	9.83% 

	2.36% 
	2.36% 

	0.66% 
	0.66% 

	(1.28%, 5.05%) 
	(1.28%, 5.05%) 


	6-Lane Divided  
	6-Lane Divided  
	6-Lane Divided  
	(214) 

	72.69% 
	72.69% 

	16.16% 
	16.16% 

	8.57% 
	8.57% 

	2.02% 
	2.02% 

	0.56% 
	0.56% 

	(2.21%, 2.98%) 
	(2.21%, 2.98%) 


	6-Lane Undivided 
	6-Lane Undivided 
	6-Lane Undivided 
	(58) 

	70.72% 
	70.72% 

	17.14% 
	17.14% 

	9.30% 
	9.30% 

	2.22% 
	2.22% 

	0.62% 
	0.62% 

	(2.03%, 3.69%) 
	(2.03%, 3.69%) 


	Freeway 4-Lane 
	Freeway 4-Lane 
	Freeway 4-Lane 
	(230) 

	74.01% 
	74.01% 

	15.49% 
	15.49% 

	8.08% 
	8.08% 

	1.90% 
	1.90% 

	0.52% 
	0.52% 

	(1.96%, 2.90%) 
	(1.96%, 2.90%) 


	Freeway 6-Lane w/HOV 
	Freeway 6-Lane w/HOV 
	Freeway 6-Lane w/HOV 
	(56) 

	73.67% 
	73.67% 

	15.66% 
	15.66% 

	8.21% 
	8.21% 

	1.93% 
	1.93% 

	0.53% 
	0.53% 

	(2.06%, 2.87%) 
	(2.06%, 2.87%) 


	Freeway 6-Lane w/o HOV  
	Freeway 6-Lane w/o HOV  
	Freeway 6-Lane w/o HOV  
	(174) 

	73.83% 
	73.83% 

	15.59% 
	15.59% 

	8.15% 
	8.15% 

	1.91% 
	1.91% 

	0.52% 
	0.52% 

	(2.11%, 2.78%) 
	(2.11%, 2.78%) 


	Freeway 8-Lane w/HOV  
	Freeway 8-Lane w/HOV  
	Freeway 8-Lane w/HOV  
	(111) 

	73.36% 
	73.36% 

	15.82% 
	15.82% 

	8.32% 
	8.32% 

	1.96% 
	1.96% 

	0.54% 
	0.54% 

	(2.22%, 2.78%) 
	(2.22%, 2.78%) 


	Freeway 8-Lane w/o HOV  
	Freeway 8-Lane w/o HOV  
	Freeway 8-Lane w/o HOV  
	(72) 

	74.31% 
	74.31% 

	15.33% 
	15.33% 

	7.98% 
	7.98% 

	1.87% 
	1.87% 

	0.51% 
	0.51% 

	(1.90%, 2.87%) 
	(1.90%, 2.87%) 


	Freeway 10-Lane w/HOV  
	Freeway 10-Lane w/HOV  
	Freeway 10-Lane w/HOV  
	(54) 

	72.45% 
	72.45% 

	16.28% 
	16.28% 

	8.66% 
	8.66% 

	2.05% 
	2.05% 

	0.56% 
	0.56% 

	(2.24%, 2.99%) 
	(2.24%, 2.99%) 


	Freeway 10-Lane w/o HOV  
	Freeway 10-Lane w/o HOV  
	Freeway 10-Lane w/o HOV  
	(14) 

	74.50% 
	74.50% 

	15.24% 
	15.24% 

	7.90% 
	7.90% 

	1.85% 
	1.85% 

	0.51% 
	0.51% 

	(1.22%, 3.69%) 
	(1.22%, 3.69%) 


	Freeway 12-Lane 
	Freeway 12-Lane 
	Freeway 12-Lane 
	(8) 

	73.12% 
	73.12% 

	15.93% 
	15.93% 

	8.42% 
	8.42% 

	1.99% 
	1.99% 

	0.54% 
	0.54% 

	(1.29%, 3.95%) 
	(1.29%, 3.95%) 


	Rural 
	Rural 
	Rural 


	2-Lane 
	2-Lane 
	2-Lane 
	(2724) 

	73.37% 
	73.37% 

	15.82% 
	15.82% 

	8.31% 
	8.31% 

	1.96% 
	1.96% 

	0.54% 
	0.54% 

	(2.28%, 2.71%) 
	(2.28%, 2.71%) 


	Multilane Divided 
	Multilane Divided 
	Multilane Divided 
	(57) 

	76.21% 
	76.21% 

	14.35% 
	14.35% 

	7.29% 
	7.29% 

	1.69% 
	1.69% 

	0.46% 
	0.46% 

	(1.57%, 2.78%) 
	(1.57%, 2.78%) 


	Multilane Undivided 
	Multilane Undivided 
	Multilane Undivided 
	(201) 

	74.62% 
	74.62% 

	15.18% 
	15.18% 

	7.86% 
	7.86% 

	1.84% 
	1.84% 

	0.50% 
	0.50% 

	(1.53%, 3.24%) 
	(1.53%, 3.24%) 


	Freeway 4-Lane 
	Freeway 4-Lane 
	Freeway 4-Lane 
	(454) 

	74.06% 
	74.06% 

	15.47% 
	15.47% 

	8.06% 
	8.06% 

	1.89% 
	1.89% 

	0.52% 
	0.52% 

	(2.09%, 2.73%) 
	(2.09%, 2.73%) 


	Freeway 6-Lane  
	Freeway 6-Lane  
	Freeway 6-Lane  
	(47) 

	75.55% 
	75.55% 

	14.69% 
	14.69% 

	7.53% 
	7.53% 

	1.75% 
	1.75% 

	0.48% 
	0.48% 

	(1.52%, 3.02%) 
	(1.52%, 3.02%) 




	 
	Table 7.4: Empirical Crash Severity by Segment Type 
	Segment Type 
	Segment Type 
	Segment Type 
	Segment Type 
	Segment Type 
	(#) 

	No Injury (PDO) 
	No Injury (PDO) 

	Possible Injury 
	Possible Injury 

	Suspected Minor Injury 
	Suspected Minor Injury 

	Suspected Serious Injury 
	Suspected Serious Injury 

	Fatal 
	Fatal 

	Severe Crashes 95% Uncertainty Interval 
	Severe Crashes 95% Uncertainty Interval 


	Urban 
	Urban 
	Urban 



	2-Lane 
	2-Lane 
	2-Lane 
	2-Lane 
	(1091) 

	73.21% 
	73.21% 

	15.19% 
	15.19% 

	8.76% 
	8.76% 

	2.32% 
	2.32% 

	0.52% 
	0.52% 

	(2.54%, 3.17%) 
	(2.54%, 3.17%) 


	3-Lane w/TWLTL 
	3-Lane w/TWLTL 
	3-Lane w/TWLTL 
	(53) 

	76.99% 
	76.99% 

	12.27% 
	12.27% 

	8.90% 
	8.90% 

	1.53% 
	1.53% 

	0.31% 
	0.31% 

	(0.86%, 3.95%) 
	(0.86%, 3.95%) 


	4-Lane Divided 
	4-Lane Divided 
	4-Lane Divided 
	(371) 

	73.39% 
	73.39% 

	18.29% 
	18.29% 

	6.86% 
	6.86% 

	1.25% 
	1.25% 

	0.21% 
	0.21% 

	(1.31%, 1.63%) 
	(1.31%, 1.63%) 


	4-Lane Undivided 
	4-Lane Undivided 
	4-Lane Undivided 
	(303) 

	73.15% 
	73.15% 

	16.81% 
	16.81% 

	7.99% 
	7.99% 

	1.60% 
	1.60% 

	0.45% 
	0.45% 

	(1.67%, 2.51%) 
	(1.67%, 2.51%) 


	5-Lane w/TWLTL 
	5-Lane w/TWLTL 
	5-Lane w/TWLTL 
	(23) 

	60.49% 
	60.49% 

	21.91% 
	21.91% 

	14.51% 
	14.51% 

	2.78% 
	2.78% 

	0.31% 
	0.31% 

	(1.70%, 5.59%) 
	(1.70%, 5.59%) 


	6-lane Divided 
	6-lane Divided 
	6-lane Divided 
	(214) 

	72.14% 
	72.14% 

	17.88% 
	17.88% 

	8.49% 
	8.49% 

	1.20% 
	1.20% 

	0.29% 
	0.29% 

	(1.23%, 1.81%) 
	(1.23%, 1.81%) 


	6-Lane Undivided 
	6-Lane Undivided 
	6-Lane Undivided 
	(58) 

	67.99% 
	67.99% 

	20.68% 
	20.68% 

	9.73% 
	9.73% 

	1.28% 
	1.28% 

	0.32% 
	0.32% 

	(1.09%, 2.35%) 
	(1.09%, 2.35%) 


	Freeway 4-Lane 
	Freeway 4-Lane 
	Freeway 4-Lane 
	(230) 

	76.03% 
	76.03% 

	13.11% 
	13.11% 

	8.12% 
	8.12% 

	2.30% 
	2.30% 

	0.44% 
	0.44% 

	(2.29%, 3.26%) 
	(2.29%, 3.26%) 


	Freeway 6-Lane w/HOV 
	Freeway 6-Lane w/HOV 
	Freeway 6-Lane w/HOV 
	(56) 

	73.11% 
	73.11% 

	19.36% 
	19.36% 

	6.55% 
	6.55% 

	0.91% 
	0.91% 

	0.07% 
	0.07% 

	(0.76%, 1.26%) 
	(0.76%, 1.26%) 


	Freeway 6-Lane w/o HOV 
	Freeway 6-Lane w/o HOV 
	Freeway 6-Lane w/o HOV 
	(174) 

	74.98% 
	74.98% 

	15.73% 
	15.73% 

	7.49% 
	7.49% 

	1.44% 
	1.44% 

	0.36% 
	0.36% 

	(1.54%, 2.09%) 
	(1.54%, 2.09%) 


	Freeway 8-Lane w/HOV 
	Freeway 8-Lane w/HOV 
	Freeway 8-Lane w/HOV 
	(111) 

	72.63% 
	72.63% 

	19.50% 
	19.50% 

	6.59% 
	6.59% 

	1.14% 
	1.14% 

	0.14% 
	0.14% 

	(1.11%, 1.48%) 
	(1.11%, 1.48%) 


	Freeway 8-Lane w/o HOV 
	Freeway 8-Lane w/o HOV 
	Freeway 8-Lane w/o HOV 
	(72) 

	74.37% 
	74.37% 

	16.55% 
	16.55% 

	7.55% 
	7.55% 

	1.22% 
	1.22% 

	0.31% 
	0.31% 

	(1.19%, 1.97%) 
	(1.19%, 1.97%) 


	Freeway 10-Lane w/HOV 
	Freeway 10-Lane w/HOV 
	Freeway 10-Lane w/HOV 
	(54) 

	70.20% 
	70.20% 

	20.02% 
	20.02% 

	8.18% 
	8.18% 

	1.43% 
	1.43% 

	0.17% 
	0.17% 

	(1.35%, 1.92%) 
	(1.35%, 1.92%) 


	Freeway 10-Lane w/o HOV 
	Freeway 10-Lane w/o HOV 
	Freeway 10-Lane w/o HOV 
	(14) 

	73.70% 
	73.70% 

	18.04% 
	18.04% 

	7.08% 
	7.08% 

	0.51% 
	0.51% 

	0.67% 
	0.67% 

	(0.58%, 2.41%) 
	(0.58%, 2.41%) 


	Freeway 12-Lane 
	Freeway 12-Lane 
	Freeway 12-Lane 
	(8) 

	75.24% 
	75.24% 

	17.85% 
	17.85% 

	6.53% 
	6.53% 

	0.38% 
	0.38% 

	0.00% 
	0.00% 

	(0.12%, 1.38%) 
	(0.12%, 1.38%) 


	Rural 
	Rural 
	Rural 


	2-Lane 
	2-Lane 
	2-Lane 
	(2724) 

	74.32% 
	74.32% 

	10.93% 
	10.93% 

	9.94% 
	9.94% 

	3.54% 
	3.54% 

	1.27% 
	1.27% 

	(4.56%, 5.08%) 
	(4.56%, 5.08%) 


	Multilane Divided 
	Multilane Divided 
	Multilane Divided 
	(57) 

	76.98% 
	76.98% 

	13.44% 
	13.44% 

	6.91% 
	6.91% 

	2.23% 
	2.23% 

	0.44% 
	0.44% 

	(2.09%, 3.41%) 
	(2.09%, 3.41%) 


	Multilane Undivided 
	Multilane Undivided 
	Multilane Undivided 
	(201) 

	78.70% 
	78.70% 

	10.41% 
	10.41% 

	7.69% 
	7.69% 

	2.48% 
	2.48% 

	0.72% 
	0.72% 

	(2.36%, 4.33%) 
	(2.36%, 4.33%) 


	Freeway 4-Lane 
	Freeway 4-Lane 
	Freeway 4-Lane 
	(454) 

	74.25% 
	74.25% 

	11.20% 
	11.20% 

	9.87% 
	9.87% 

	3.42% 
	3.42% 

	1.26% 
	1.26% 

	(4.29%, 5.11%) 
	(4.29%, 5.11%) 


	Freeway 6-Lane 
	Freeway 6-Lane 
	Freeway 6-Lane 
	(47) 

	75.92% 
	75.92% 

	14.14% 
	14.14% 

	7.07% 
	7.07% 

	2.52% 
	2.52% 

	0.35% 
	0.35% 

	(2.12%, 3.87%) 
	(2.12%, 3.87%) 




	Table 7.5: Average Crash Severity by Intersection Type 
	Intersection Type 
	Intersection Type 
	Intersection Type 
	Intersection Type 
	Intersection Type 
	(#) 

	No Injury (PDO) 
	No Injury (PDO) 

	Possible Injury 
	Possible Injury 

	Suspected Minor Injury 
	Suspected Minor Injury 

	Suspected Serious Injury 
	Suspected Serious Injury 

	Fatal 
	Fatal 

	Severe Crashes 95% Uncertainty Interval 
	Severe Crashes 95% Uncertainty Interval 


	Urban 
	Urban 
	Urban 



	Signal controlled, 4-Leg  
	Signal controlled, 4-Leg  
	Signal controlled, 4-Leg  
	Signal controlled, 4-Leg  
	(988) 

	63.50% 
	63.50% 

	21.61% 
	21.61% 

	12.31% 
	12.31% 

	2.24% 
	2.24% 

	0.34% 
	0.34% 

	(2.34%, 2.80%) 
	(2.34%, 2.80%) 


	Signal controlled, 3-Leg  
	Signal controlled, 3-Leg  
	Signal controlled, 3-Leg  
	(134) 

	62.69% 
	62.69% 

	21.99% 
	21.99% 

	12.66% 
	12.66% 

	2.31% 
	2.31% 

	0.35% 
	0.35% 

	(2.03%, 3.33%) 
	(2.03%, 3.33%) 


	2-way stop controlled, 4-Leg  
	2-way stop controlled, 4-Leg  
	2-way stop controlled, 4-Leg  
	(916) 

	63.62% 
	63.62% 

	21.57% 
	21.57% 

	12.25% 
	12.25% 

	2.22% 
	2.22% 

	0.34% 
	0.34% 

	(2.12%, 3.00%) 
	(2.12%, 3.00%) 


	Minor leg stop controlled, 3-Leg (2459) 
	Minor leg stop controlled, 3-Leg (2459) 
	Minor leg stop controlled, 3-Leg (2459) 

	63.05% 
	63.05% 

	21.82% 
	21.82% 

	12.50% 
	12.50% 

	2.28% 
	2.28% 

	0.35% 
	0.35% 

	(2.24%, 3.01%) 
	(2.24%, 3.01%) 


	Rural 
	Rural 
	Rural 


	Signal controlled, 4-Leg  
	Signal controlled, 4-Leg  
	Signal controlled, 4-Leg  
	(18) 

	65.30% 
	65.30% 

	20.81% 
	20.81% 

	11.51% 
	11.51% 

	2.06% 
	2.06% 

	0.32% 
	0.32% 

	(0.00%, 5.45%) 
	(0.00%, 5.45%) 


	2-way stop controlled, 4-Leg (1048) 
	2-way stop controlled, 4-Leg (1048) 
	2-way stop controlled, 4-Leg (1048) 

	62.92% 
	62.92% 

	21.84% 
	21.84% 

	12.59% 
	12.59% 

	2.30% 
	2.30% 

	0.35% 
	0.35% 

	(1.45%, 4.03%) 
	(1.45%, 4.03%) 


	Minor leg stop controlled, 3-Leg (2528) 
	Minor leg stop controlled, 3-Leg (2528) 
	Minor leg stop controlled, 3-Leg (2528) 

	61.28% 
	61.28% 

	22.60% 
	22.60% 

	13.29% 
	13.29% 

	2.45% 
	2.45% 

	0.38% 
	0.38% 

	(1.75%, 4.04%) 
	(1.75%, 4.04%) 




	 
	Table 7.6: Empirical Crash Severity by Intersection Type 
	Intersection Type 
	Intersection Type 
	Intersection Type 
	Intersection Type 
	Intersection Type 
	(#) 

	No Injury 
	No Injury 
	(PDO) 

	Possible Injury 
	Possible Injury 

	Suspected Minor Injury 
	Suspected Minor Injury 

	Suspected Serious Injury 
	Suspected Serious Injury 

	Fatal 
	Fatal 

	Severe Crashes 
	Severe Crashes 
	95% Uncertainty Interval 
	 


	Urban 
	Urban 
	Urban 



	Signal controlled, 4-Leg  
	Signal controlled, 4-Leg  
	Signal controlled, 4-Leg  
	Signal controlled, 4-Leg  
	(988) 

	62.91% 
	62.91% 

	22.20% 
	22.20% 

	12.52% 
	12.52% 

	2.07% 
	2.07% 

	0.30% 
	0.30% 

	(2.23%, 2.54%) 
	(2.23%, 2.54%) 


	Signal controlled, 3-Leg 
	Signal controlled, 3-Leg 
	Signal controlled, 3-Leg 
	(134) 

	65.10% 
	65.10% 

	21.10% 
	21.10% 

	11.76% 
	11.76% 

	1.81% 
	1.81% 

	0.23% 
	0.23% 

	(1.57%, 2.65%) 
	(1.57%, 2.65%) 


	2-way stop controlled, 4-Leg 
	2-way stop controlled, 4-Leg 
	2-way stop controlled, 4-Leg 
	(916) 

	62.30% 
	62.30% 

	21.98% 
	21.98% 

	12.70% 
	12.70% 

	2.75% 
	2.75% 

	0.27% 
	0.27% 

	(2.60%, 3.50%) 
	(2.60%, 3.50%) 


	Minor leg stop controlled, 3-Leg (2459) 
	Minor leg stop controlled, 3-Leg (2459) 
	Minor leg stop controlled, 3-Leg (2459) 

	64.79% 
	64.79% 

	20.21% 
	20.21% 

	12.21% 
	12.21% 

	2.37% 
	2.37% 

	0.42% 
	0.42% 

	(2.44%, 3.20%) 
	(2.44%, 3.20%) 


	Rural 
	Rural 
	Rural 


	Signal controlled, 4-Leg  
	Signal controlled, 4-Leg  
	Signal controlled, 4-Leg  
	(18) 

	69.33% 
	69.33% 

	16.00% 
	16.00% 

	12.67% 
	12.67% 

	1.33% 
	1.33% 

	0.67% 
	0.67% 

	(0.73%, 5.70%) 
	(0.73%, 5.70%) 


	2-way stop controlled, 4-Leg (1048) 
	2-way stop controlled, 4-Leg (1048) 
	2-way stop controlled, 4-Leg (1048) 

	62.41% 
	62.41% 

	18.50% 
	18.50% 

	13.22% 
	13.22% 

	4.70% 
	4.70% 

	1.17% 
	1.17% 

	(4.35%, 7.90%) 
	(4.35%, 7.90%) 


	Minor leg stop controlled, 3-Leg (2528) 
	Minor leg stop controlled, 3-Leg (2528) 
	Minor leg stop controlled, 3-Leg (2528) 

	64.63% 
	64.63% 

	13.95% 
	13.95% 

	14.32% 
	14.32% 

	5.39% 
	5.39% 

	1.71% 
	1.71% 

	(5.54%, 9.07%) 
	(5.54%, 9.07%) 




	 
	 
	 
	 
	Table 7.7: UDOT Selected Segments List 
	State Rank 
	State Rank 
	State Rank 
	State Rank 
	State Rank 

	Region 
	Region 

	Main Route 
	Main Route 

	Beginning Mile point 
	Beginning Mile point 

	Ending Mile point 
	Ending Mile point 

	County 
	County 



	2 
	2 
	2 
	2 

	4 
	4 

	0089PM 
	0089PM 

	25.199 
	25.199 

	39.070 
	39.070 

	Kane 
	Kane 


	4 
	4 
	4 

	4 
	4 

	0006PM 
	0006PM 

	296.136 
	296.136 

	299.370 
	299.370 

	Emery 
	Emery 


	5 
	5 
	5 

	2 
	2 

	0036PM 
	0036PM 

	6.084 
	6.084 

	13.368 
	13.368 

	Tooele 
	Tooele 


	6 
	6 
	6 

	4 
	4 

	0163PM 
	0163PM 

	12.436 
	12.436 

	17.786 
	17.786 

	San Juan 
	San Juan 


	7 
	7 
	7 

	1 
	1 

	0084NM 
	0084NM 

	7.117 
	7.117 

	11.963 
	11.963 

	Box Elder 
	Box Elder 


	8 
	8 
	8 

	1 
	1 

	0084PM 
	0084PM 

	11.963 
	11.963 

	15.797 
	15.797 

	Box Elder 
	Box Elder 


	9 
	9 
	9 

	4 
	4 

	0089PM 
	0089PM 

	280.826 
	280.826 

	283.832 
	283.832 

	Sanpete 
	Sanpete 


	13 
	13 
	13 

	3 
	3 

	0132PM 
	0132PM 

	39.144 
	39.144 

	41.754 
	41.754 

	Juab 
	Juab 


	16 
	16 
	16 

	3 
	3 

	0006PM 
	0006PM 

	184.202 
	184.202 

	187.570 
	187.570 

	Utah 
	Utah 


	17 
	17 
	17 

	2 
	2 

	0173PM 
	0173PM 

	2.910 
	2.910 

	3.564 
	3.564 

	Salt Lake 
	Salt Lake 


	18 
	18 
	18 

	4 
	4 

	0015PM 
	0015PM 

	82.459 
	82.459 

	94.697 
	94.697 

	Iron 
	Iron 


	19 
	19 
	19 

	2 
	2 

	0068PM 
	0068PM 

	54.973 
	54.973 

	55.815 
	55.815 

	Salt Lake 
	Salt Lake 


	20 
	20 
	20 

	3 
	3 

	0035PM 
	0035PM 

	16.155 
	16.155 

	18.870 
	18.870 

	Wasatch 
	Wasatch 


	21 
	21 
	21 

	4 
	4 

	0163PM 
	0163PM 

	0.614 
	0.614 

	6.387 
	6.387 

	San Juan 
	San Juan 


	23 
	23 
	23 

	2 
	2 

	0073PM 
	0073PM 

	7.122 
	7.122 

	13.340 
	13.340 

	Tooele 
	Tooele 


	24 
	24 
	24 

	4 
	4 

	0059PM 
	0059PM 

	20.670 
	20.670 

	21.797 
	21.797 

	Washington 
	Washington 


	25 
	25 
	25 

	4 
	4 

	0015PM 
	0015PM 

	42.224 
	42.224 

	51.248 
	51.248 

	Iron 
	Iron 


	31 
	31 
	31 

	3 
	3 

	0006PM 
	0006PM 

	205.834 
	205.834 

	210.521 
	210.521 

	Utah 
	Utah 


	32 
	32 
	32 

	1 
	1 

	0104PM 
	0104PM 

	1.176 
	1.176 

	1.786 
	1.786 

	Weber 
	Weber 


	34 
	34 
	34 

	1 
	1 

	0089PM 
	0089PM 

	414.286 
	414.286 

	414.393 
	414.393 

	Weber 
	Weber 


	35 
	35 
	35 

	2 
	2 

	0089PM 
	0089PM 

	381.148 
	381.148 

	381.298 
	381.298 

	Salt Lake 
	Salt Lake 


	36 
	36 
	36 

	1 
	1 

	0167PM 
	0167PM 

	8.013 
	8.013 

	11.002 
	11.002 

	Weber 
	Weber 


	37 
	37 
	37 

	3 
	3 

	0068PM 
	0068PM 

	23.955 
	23.955 

	25.315 
	25.315 

	Utah 
	Utah 


	41 
	41 
	41 

	1 
	1 

	0203PM 
	0203PM 

	5.413 
	5.413 

	5.960 
	5.960 

	Weber 
	Weber 


	51 
	51 
	51 

	1 
	1 

	0158PM 
	0158PM 

	8.161 
	8.161 

	11.611 
	11.611 

	Weber 
	Weber 


	54 
	54 
	54 

	1 
	1 

	0039PM 
	0039PM 

	6.402 
	6.402 

	6.521 
	6.521 

	Weber 
	Weber 




	 
	  
	 
	 
	Table 7.8: UDOT Selected Signalized Intersections List 
	State Rank 
	State Rank 
	State Rank 
	State Rank 
	State Rank 

	Region 
	Region 

	Main Route 
	Main Route 

	Other Route 
	Other Route 

	Street Names 
	Street Names 

	City 
	City 

	County 
	County 

	Intersection Type 
	Intersection Type 



	4 
	4 
	4 
	4 

	2 
	2 

	0173PM 
	0173PM 

	2156PM 
	2156PM 

	5415 S & Northwest Ave 
	5415 S & Northwest Ave 

	West Valley City 
	West Valley City 

	Salt Lake 
	Salt Lake 

	4-LEG 
	4-LEG 


	7 
	7 
	7 

	1 
	1 

	0126PM 
	0126PM 

	0108PM 
	0108PM 

	State St &  Antelope Dr 
	State St &  Antelope Dr 

	Layton 
	Layton 

	Davis 
	Davis 

	4-LEG 
	4-LEG 


	10 
	10 
	10 

	1 
	1 

	0204PM 
	0204PM 

	0079PM 
	0079PM 

	Wall Ave &  31st St 
	Wall Ave &  31st St 

	Ogden 
	Ogden 

	Weber 
	Weber 

	4-LEG 
	4-LEG 


	18 
	18 
	18 

	3 
	3 

	0089PM 
	0089PM 

	Local 
	Local 

	State St &  550 W 
	State St &  550 W 

	Provo 
	Provo 

	Utah 
	Utah 

	3-LEG 
	3-LEG 


	26 
	26 
	26 

	1 
	1 

	0193PM 
	0193PM 

	Local 
	Local 

	SR-193 &  H St 
	SR-193 &  H St 

	Clearfield 
	Clearfield 

	Davis 
	Davis 

	4-LEG 
	4-LEG 


	35 
	35 
	35 

	1 
	1 

	0091PM 
	0091PM 

	0091PM 
	0091PM 

	SR-91  I-15 Interchange 
	SR-91  I-15 Interchange 

	Brigham City 
	Brigham City 

	Box Elder 
	Box Elder 

	DDI 
	DDI 


	50 
	50 
	50 

	1 
	1 

	0203PM 
	0203PM 

	Local 
	Local 

	Harrison Blvd & 20th St 
	Harrison Blvd & 20th St 

	Ogden 
	Ogden 

	Weber 
	Weber 

	4-LEG 
	4-LEG 


	55 
	55 
	55 

	1 
	1 

	0039PM 
	0039PM 

	Local 
	Local 

	1200 S & Depot Dr 
	1200 S & Depot Dr 

	Ogden 
	Ogden 

	Weber 
	Weber 

	3-LEG 
	3-LEG 


	56 
	56 
	56 

	4 
	4 

	0191PM 
	0191PM 

	Local 
	Local 

	Hwy 191 & Arches Nat'l Park Rd 
	Hwy 191 & Arches Nat'l Park Rd 

	Moab 
	Moab 

	Grand 
	Grand 

	3-LEG 
	3-LEG 


	70 
	70 
	70 

	4 
	4 

	089APM 
	089APM 

	0089PM 
	0089PM 

	100 E & 300 S 
	100 E & 300 S 

	Kanab 
	Kanab 

	Kane 
	Kane 

	4-LEG 
	4-LEG 


	80 
	80 
	80 

	3 
	3 

	0178PM 
	0178PM 

	Local 
	Local 

	800 S & Turf Farm Rd 
	800 S & Turf Farm Rd 

	Payson 
	Payson 

	Utah 
	Utah 

	4-LEG 
	4-LEG 


	90 
	90 
	90 

	4 
	4 

	0191PM 
	0191PM 

	1699PM 
	1699PM 

	Main St & Center St 
	Main St & Center St 

	Moab 
	Moab 

	Grand 
	Grand 

	4-LEG 
	4-LEG 


	93 
	93 
	93 

	1 
	1 

	0204PM 
	0204PM 

	Local 
	Local 

	Wall Ave & 23rd St 
	Wall Ave & 23rd St 

	Ogden 
	Ogden 

	Weber 
	Weber 

	4-LEG 
	4-LEG 


	119 
	119 
	119 

	3 
	3 

	0006PM 
	0006PM 

	3035PM 
	3035PM 

	Hwy 6 & 2550 E 
	Hwy 6 & 2550 E 

	Spanish Fork 
	Spanish Fork 

	Utah 
	Utah 

	4-LEG 
	4-LEG 


	120 
	120 
	120 

	3 
	3 

	0089PM 
	0089PM 

	2888PM 
	2888PM 

	State St & 900 W 
	State St & 900 W 

	American Fork 
	American Fork 

	Utah 
	Utah 

	4-LEG 
	4-LEG 


	123 
	123 
	123 

	3 
	3 

	0068PM 
	0068PM 

	Local 
	Local 

	Redwood Rd & Exchange Dr 
	Redwood Rd & Exchange Dr 

	Saratoga Springs 
	Saratoga Springs 

	Utah 
	Utah 

	4-LEG 
	4-LEG 


	193 
	193 
	193 

	4 
	4 

	0008PM 
	0008PM 

	3234PM 
	3234PM 

	Sunset Blvd & Westridge Dr 
	Sunset Blvd & Westridge Dr 

	St. George 
	St. George 

	Washington 
	Washington 

	4-LEG 
	4-LEG 


	203 
	203 
	203 

	4 
	4 

	0289PM 
	0289PM 

	0289PM 
	0289PM 

	Center St & 300 W 
	Center St & 300 W 

	Cedar City 
	Cedar City 

	Iron 
	Iron 

	4-LEG 
	4-LEG 


	220 
	220 
	220 

	4 
	4 

	0008PM 
	0008PM 

	3184PM 
	3184PM 

	Sunset Blvd & Dixie Downs Rd 
	Sunset Blvd & Dixie Downs Rd 

	St. George 
	St. George 

	Washington 
	Washington 

	4-LEG 
	4-LEG 


	296 
	296 
	296 

	4 
	4 

	0120PM 
	0120PM 

	Local 
	Local 

	1300 S & College Ave 
	1300 S & College Ave 

	Richfield 
	Richfield 

	Sevier 
	Sevier 

	4-LEG 
	4-LEG 




	 
	  
	Table 7.9: UDOT Selected Unsignalized Intersections List 
	State Rank 
	State Rank 
	State Rank 
	State Rank 
	State Rank 

	Region 
	Region 

	Main Route 
	Main Route 

	Other Route 
	Other Route 

	Street Names 
	Street Names 

	City 
	City 

	County 
	County 

	Intersection Type 
	Intersection Type 



	2 
	2 
	2 
	2 

	1 
	1 

	0235PM 
	0235PM 

	Local 
	Local 

	Washington Blvd & 900 N 
	Washington Blvd & 900 N 

	Ogden 
	Ogden 

	Weber 
	Weber 

	3-LEG 
	3-LEG 


	11 
	11 
	11 

	4 
	4 

	0018PM 
	0018PM 

	Local 
	Local 

	SR-18 &  Diamond Valley Dr 
	SR-18 &  Diamond Valley Dr 

	St. George 
	St. George 

	Washington 
	Washington 

	3-LEG 
	3-LEG 


	16 
	16 
	16 

	4 
	4 

	0089PM 
	0089PM 

	Local 
	Local 

	Hwy 89 &  Jensen Rd 
	Hwy 89 &  Jensen Rd 

	Manti 
	Manti 

	Sanpete 
	Sanpete 

	3-LEG 
	3-LEG 


	19 
	19 
	19 

	4 
	4 

	0056PM 
	0056PM 

	Local 
	Local 

	SR-56 &  Beacon Dr 
	SR-56 &  Beacon Dr 

	Cedar City 
	Cedar City 

	Iron 
	Iron 

	3-LEG 
	3-LEG 


	21 
	21 
	21 

	4 
	4 

	0056PM 
	0056PM 

	Local 
	Local 

	SR-56 &  Iron Springs Rd 
	SR-56 &  Iron Springs Rd 

	Cedar City 
	Cedar City 

	Iron 
	Iron 

	3-LEG 
	3-LEG 


	24 
	24 
	24 

	1 
	1 

	0030PM 
	0030PM 

	0023PM 
	0023PM 

	SR-30 & SR-23 
	SR-30 & SR-23 

	Mendon 
	Mendon 

	Cache 
	Cache 

	4-LEG 
	4-LEG 


	27 
	27 
	27 

	3 
	3 

	0089PM 
	0089PM 

	Local 
	Local 

	State St & 550 N 
	State St & 550 N 

	Lindon 
	Lindon 

	Utah 
	Utah 

	3-LEG 
	3-LEG 


	28 
	28 
	28 

	1 
	1 

	0089PM 
	0089PM 

	3457PM 
	3457PM 

	Hwy 89 & 2000 N 
	Hwy 89 & 2000 N 

	Harrisville 
	Harrisville 

	Weber 
	Weber 

	3-LEG 
	3-LEG 


	31 
	31 
	31 

	1 
	1 

	0273PM 
	0273PM 

	1446PM 
	1446PM 

	Main St & Nicholls Rd 
	Main St & Nicholls Rd 

	Kaysville 
	Kaysville 

	Davis 
	Davis 

	3-LEG 
	3-LEG 


	32 
	32 
	32 

	1 
	1 

	0235PM 
	0235PM 

	Local 
	Local 

	Washington Blvd & Canfield Dr 
	Washington Blvd & Canfield Dr 

	Ogden 
	Ogden 

	Weber 
	Weber 

	3-LEG 
	3-LEG 


	33 
	33 
	33 

	3 
	3 

	0089PM 
	0089PM 

	Local 
	Local 

	State St & 800 S 
	State St & 800 S 

	Provo 
	Provo 

	Utah 
	Utah 

	3-LEG 
	3-LEG 


	39 
	39 
	39 

	4 
	4 

	0257PM 
	0257PM 

	1934PM 
	1934PM 

	400 W & 500 N 
	400 W & 500 N 

	Hinckley 
	Hinckley 

	Millard 
	Millard 

	4-LEG 
	4-LEG 


	40 
	40 
	40 

	2 
	2 

	0068PM 
	0068PM 

	Local 
	Local 

	Redwood Rd &  Sequoia Vista Cir 
	Redwood Rd &  Sequoia Vista Cir 

	Salt Lake City 
	Salt Lake City 

	Salt Lake 
	Salt Lake 

	4-LEG 
	4-LEG 


	41 
	41 
	41 

	4 
	4 

	0119PM 
	0119PM 

	2540PM 
	2540PM 

	SR-119 & N 3380 E 
	SR-119 & N 3380 E 

	Richfield 
	Richfield 

	Sevier 
	Sevier 

	4-LEG 
	4-LEG 


	42 
	42 
	42 

	4 
	4 

	0118PM 
	0118PM 

	Local 
	Local 

	SR-118 & 1520 N 
	SR-118 & 1520 N 

	Sigurd 
	Sigurd 

	Sevier 
	Sevier 

	3-LEG 
	3-LEG 


	43 
	43 
	43 

	1 
	1 

	0218PM 
	0218PM 

	Local 
	Local 

	SR-218 & 6600 N 
	SR-218 & 6600 N 

	Newton 
	Newton 

	Cache 
	Cache 

	3-LEG 
	3-LEG 


	44 
	44 
	44 

	1 
	1 

	0016PM 
	0016PM 

	Local 
	Local 

	SR-16 & Co Rd 101 
	SR-16 & Co Rd 101 

	Rich County 
	Rich County 

	Rich 
	Rich 

	3-LEG 
	3-LEG 


	45 
	45 
	45 

	3 
	3 

	0040PM 
	0040PM 

	Local 
	Local 

	Hwy 40 & 4625 E 
	Hwy 40 & 4625 E 

	Naples 
	Naples 

	Uintah 
	Uintah 

	3-LEG 
	3-LEG 


	47 
	47 
	47 

	3 
	3 

	0089PM 
	0089PM 

	Local 
	Local 

	Hwy 89 & California Ave 
	Hwy 89 & California Ave 

	Provo 
	Provo 

	Utah 
	Utah 

	3-LEG 
	3-LEG 


	48 
	48 
	48 

	4 
	4 

	0089PM 
	0089PM 

	Local 
	Local 

	Hwy 89 & Kitchen Corral Wash 
	Hwy 89 & Kitchen Corral Wash 

	Kane County 
	Kane County 

	Kane 
	Kane 

	3-LEG 
	3-LEG 


	49 
	49 
	49 

	4 
	4 

	0089PM 
	0089PM 

	Local 
	Local 

	Hwy 89 & Fish Hatchery Rd 
	Hwy 89 & Fish Hatchery Rd 

	Hatch 
	Hatch 

	Garfield 
	Garfield 

	4-LEG 
	4-LEG 


	57 
	57 
	57 

	3 
	3 

	0028PM 
	0028PM 

	Local 
	Local 

	SR-28 & Four Mile Rd 
	SR-28 & Four Mile Rd 

	Nephi 
	Nephi 

	Juab 
	Juab 

	3-LEG 
	3-LEG 


	60 
	60 
	60 

	2 
	2 

	0089PM 
	0089PM 

	Local 
	Local 

	State St & 8840 S 
	State St & 8840 S 

	Sandy 
	Sandy 

	Salt Lake 
	Salt Lake 

	3-LEG 
	3-LEG 


	66 
	66 
	66 

	2 
	2 

	0171PM 
	0171PM 

	Local 
	Local 

	3300 S & 3040 E 
	3300 S & 3040 E 

	Millcreek 
	Millcreek 

	Salt Lake 
	Salt Lake 

	3-LEG 
	3-LEG 


	76 
	76 
	76 

	2 
	2 

	0266PM 
	0266PM 

	Local 
	Local 

	Taylorsville Expy & 1175 W 
	Taylorsville Expy & 1175 W 

	Taylorsville 
	Taylorsville 

	Salt Lake 
	Salt Lake 

	4-LEG 
	4-LEG 


	81 
	81 
	81 

	2 
	2 

	0173PM 
	0173PM 

	Local 
	Local 

	5400 S & 5160 W 
	5400 S & 5160 W 

	Kearns 
	Kearns 

	Salt Lake 
	Salt Lake 

	3-LEG 
	3-LEG 


	101 
	101 
	101 

	2 
	2 

	0068PM 
	0068PM 

	Local 
	Local 

	Redwood Rd & 7310 S 
	Redwood Rd & 7310 S 

	West Jordan 
	West Jordan 

	Salt Lake 
	Salt Lake 

	3-LEG 
	3-LEG 


	104 
	104 
	104 

	2 
	2 

	0172PM 
	0172PM 

	Local 
	Local 

	5600 W & Lampert Ln 
	5600 W & Lampert Ln 

	West Valley City 
	West Valley City 

	Salt Lake 
	Salt Lake 

	3-LEG 
	3-LEG 


	202 
	202 
	202 

	2 
	2 

	0224PM 
	0224PM 

	Local 
	Local 

	SR-224 & Bear Cub Dr 
	SR-224 & Bear Cub Dr 

	Park City 
	Park City 

	Summit 
	Summit 

	3-LEG 
	3-LEG 


	211 
	211 
	211 

	2 
	2 

	0068PM 
	0068PM 

	Local 
	Local 

	Redwood Rd & 8600 S 
	Redwood Rd & 8600 S 

	West Jordan 
	West Jordan 

	Salt Lake 
	Salt Lake 

	3-LEG 
	3-LEG 




	7.6 Summary 
	The results from the segment and intersection analysis are useful to UDOT region engineers in helping them review and determine which areas of roadway need improvement. A ranking based on economic impact vastly improves the significance of the model results. The list of both segments and intersections was provided to UDOT, and with their feedback, the reports from the screened list were generated and sent out to the regions. 
	  
	8.0 CONCLUSIONS AND IMPLEMENTATION 
	8.1 Overview 
	The goal of zero fatalities is a major priority for UDOT. Efforts are made to reduce the number of fatalities, injuries, and crashes on Utah roads every year. To aid engineers in selecting the sites most in need of attention and improvements, UDOT has teamed up with BYU in a series of safety-focused research projects. Building off previous safety analysis research, TOMS provides a new way for the state of Utah to identify and prioritize segment and intersection safety improvement projects. Along with improv
	8.2 Methodology 
	The TOMS is a model built within R that allows for the compilation of roadway and crash data to conduct a statistical analysis that will create hot spot identification reports to help UDOT region engineers determine how best to address safety concerns. The following subsections go over the data compilation process, then the statistical analysis, then the report compiler. 
	8.2.1 Data Compilation 
	Sixteen data files are used to create the combined crash and roadway data files used for analysis. Twelve contain roadway data while the other four contain crash data. The entire process is conducted from an R markdown file which requires that the following occur in a specific order: first, the functions are sourced; second, the data are read in; third, the data preparation scripts run; finally, the compiling script creates the two output files. There is a segments file and an intersection file. These two f
	8.2.2 Statistical Analysis 
	Instead of using two different models, one accounting for total number of crashes and another for the total number of severe crashes, the two models can be combined by using an EWRS score. All segments and intersections are analyzed using this method. Those with the highest EWRS scores are marked as hot spots. The list of the top 10 hot spots for both segments and intersections are screened by UDOT and subsequent reports are created from the screened list. 
	8.2.3 Report Compiler 
	The report compiler creates two-page reports of the hot spots of segments and intersections selected by UDOT for the region engineers. The report compiler uses the statistical input file and a parameters file to create roadway site reports as well as to suggest possible countermeasures. These reports contain roadway and crash information organized in a manner that allows UDOT to quickly understand how many crashes are occurring at a site and potential causes for the crashes. While countermeasures are sugges
	8.3 Implementation of Research 
	UDOT will implement the results of this research by screening the hot spots list, selecting sites that fall under their criteria, distributing the two-page reports to the regions, and using the reports to prioritize safety projects across the state. Along with the reports, the severity distributions will assist UDOT and the regions to analyze segments and intersections and to determine if the proportion of severe crashes occurring at a site is significantly higher than at other similar sites. These distribu
	8.4 Future Research Topics 
	The switch to R has allowed for more topics to be explored in future research. The following sections explain potential topics that could be explored such as a safety dashboard, manners of collision, the development of safety performance functions (SPFs), and running statistical models to compare urban vs. rural safety. 
	8.4.1 Safety Dashboard 
	A prototype dashboard that could be used to generate SPFs and identify hot spots given certain roadway characteristics was created early in the research and presented to UDOT. It was determined that this would not be a focus of the research at this time. With more time and with refinement of the current data, a dashboard that would allow the user to input roadway data could be created and used to identify safety parameters. 
	8.4.2 Manner of Collision Research 
	While this research focuses on the severity of crashes and how expected crashes differ from observed, future research might include finding segments and intersections that have a disproportionate number of general crash types. For example, looking at angle crashes at intersections with atypical roadway geometry, looking at roadway departure crashes along poorly lit segments, or looking at midblock turning crashes along roadways without raised medians. 
	8.4.3 Development of Safety Performance Functions 
	With the creation of severity distributions for both segments and intersections the implementation of this to SPFs for Utah roadways is a possible next step in the research. In coordination with the safety dashboard, the results from the Bayesian hierarchical model could contribute to having accurate and practical SPFs that UDOT can use. 
	8.4.4 Urban vs. Rural 
	While the severity distributions were created within this research there are some questions about the application of those results. Specifically, those distributions between urban and rural areas. Due to the difference in urban and rural populations, a hierarchal model is not 
	always the best to detect a difference. A statistical model could be run on the overall urban and rural populations to test if there is a significant difference in the proportions of severe crashes. 
	8.4.5 Other Future Research Topics 
	TOMS has the capability of easily adapting to new datasets and formats. Potentially using TOMS with more recent roadway and crash data to bring more immediate attention to sites that may need improvement is a possible future research topic that could greatly benefit UDOT.  
	8.5 Concluding Remarks 
	The TOMS has significantly improved previous models to assist the state of Utah in identifying crash hot spots. By weighing severity using weighted risk scores, TOMS can analyze crash count and severity concurrently with a singular statistical model. This research will allow for much more data to be analyzed in the future. The switch to R has allowed for more freedom in how the data can be used to further improve traffic safety in the state of Utah. The capabilities of TOMS with further improvements can con
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