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EXECUTIVE SUMMARY 

Every year, efforts are made by the Utah Department of Transportation (UDOT) to 

reduce the number of fatalities, injuries, and crashes on Utah roads. To help engineers select sites 

most in need of attention and improvements, UDOT has worked with Brigham Young University 

(BYU) in a series of safety-focused traffic research. These research efforts aim at finding 

locations with unusually high numbers of crashes.  

Two methodologies are presented in this report. The first is named the Crash Analysis 

Methodology for Segments (CAMS). Previous to the CAMS were the Road Safety Analysis 

Methodology (RSAM) which looks at road segments as a whole including intersection crashes 

along the segments, and the Intersection Safety Analysis Methodology (ISAM) which looks at 

intersections independently. The purpose of the CAMS is to provide a methodology that looks at 

road segments without influence from intersection crashes. In other words, this research focuses 

on segment-related crashes, their hot spot locations, and possible ways to mitigate the safety 

concerns they cause.  

The CAMS begins with a data integration process that combines UDOT roadway 

characteristics and crash data to create segments of Utah highway. Segments are homogeneous 

with respect to five variables: Annual Average Daily Traffic (AADT), functional class, number 

of lanes, speed limit, and urban code. Two statistical models are used to identify hot spots among 

these segments. One is named the CAMS Prediction (CAMS-P) model and is a Zero-Inflated 

Poisson (ZIP) model (also referred to as a Poisson Mixture Model) that is used to identify 

segments with an unusually high number of crashes. The other model, named the CAMS 

Severity (CAMS-S) model, is used to identify segments with unusually high proportions of 

injury crashes. Both models compare actual crash counts to predicted distributions of crashes. 

Two-page technical reports that display information about roadway characteristics and crash 

history are prepared for identified segments. These reports, named Segment Safety Analysis 

Reports (SSARs), also provide suggested countermeasures to mitigate the safety concerns 

present at each segment.  
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The second methodology is an update of ISAM. In its original publication, the ISAM 

analyzed intersections that included at least two unique state routes and applied one statistical 

model to the data. In the updated version, the methodology can analyze state route intersections 

with at least one of the following characteristics: another state route, a federal aid route, or a 

traffic signal. Together, the CAMS and ISAM allow for an analysis of the entire Utah state route 

network. 
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1.0  INTRODUCTION 

1.1  Problem Statement 

From 2014 to 2018, an average of 270 people died on Utah roadways annually (UDPS 

2020). The Utah Department of Transportation (UDOT) has teamed up with Zero Fatalities: A 

Goal We Can All Live With® to focus on reducing the number of lives lost on Utah roadways to 

zero (Zero Fatalities 2020).  

Because transportation improvements have a limited budget, it is important for state 

departments of transportation (DOTs) to put their dollars into projects expected to make a large 

positive impact. Prioritizing safety improvements can be achieved by evaluating locations that 

stand out in terms of annual crash frequency compared to similar locations across the state.  

In coordination with UDOT, the Brigham Young University (BYU) Civil and 

Environmental Engineering and Statistics Departments have developed a series of safety-focused 

research, including methodologies called the Roadway Safety Analysis Methodology (RSAM) 

and the Intersection Safety Analysis Methodology (ISAM). These methodologies are meant to 

identify locations around the state of Utah that show a high potential for safety improvement.  

The RSAM analyzes segments of roadway in the Utah state route network. This analysis 

considers all types of crashes that occur along state routes, including a mixture of both 

intersection-related and segment-related crashes (Schultz et al. 2016). The ISAM, however, 

analyzes crashes related exclusively to intersections on Utah state routes (Schultz et al. 2018). 

With the focused nature of the ISAM, more specific countermeasures can be selected to help 

improve safety at the identified locations. The same focus could be directed toward segment-

related safety concerns, yet there was no methodology that did this for Utah roadways previous 

to the research presented in this report.  

1.2  Objectives 

The primary objective of this research is to develop a methodology that identifies 

portions of Utah state routes that indicate a high potential for safety improvement for segment-
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related crashes. This methodology is named the Crash Analysis Methodology for Segments 

(CAMS). It includes integrating existing data with the use of Visual Basic for Applications 

(VBA) programming, analyzing that data with two separate statistical models, and creating two-

page technical reports for UDOT engineers that briefly summarize the safety concerns present at 

high-priority locations. Like the RSAM and ISAM, this research is meant to help UDOT 

prioritize locations within the broad roadway network the agency oversees.  

1.3  Scope 

The methodology presented in this research is used to identify crash hot spots within the 

entire Utah state route network. The scope of this project includes modifying the statistical 

models used in the RSAM to evaluate segments independently by removing intersections and 

their associated crashes from the data inputs. In addition, modifications were made to the original 

ISAM so that the CAMS and ISAM would form a complementary pair; together they analyze the 

entire state route network but do so in a way that does not double-count any crashes.  

1.4  Outline of Report  

The body of the 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 describes the data used in the CAMS research. 

• Chapter 4 explains how the raw data are used to create an input file for the CAMS 

statistical model. 

• Chapter 5 gives a brief description of the statistical model used in the CAMS 

research. 

• Chapter 6 describes the technical reports produced for high-priority segments as well 

as the process that creates them. 

• Chapter 7 provides and discusses the results of the CAMS research. 

• Chapter 8 explains the modifications made to the ISAM in conjunction with the 
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CAMS research. 

• Chapter 9 gives some concluding remarks including a review of the CAMS 

methodology and a brief discussion on future research topics. 

• The chapters are followed by a References section. 

 



 

6 

2.0  LITERATURE REVIEW 

2.1 Overview 

A literature review was performed to understand existing segment-only crash analyses 

and the insights they may give into performing such an analysis on Utah roadways. This chapter 

summarizes the literature review and includes discussion on several key topics. The first 

discussion is on the determination of segment-related crashes and how they may be distinguished 

from those that are intersection-related. Next is a discussion on which portions of roadway 

lengths should be included in a segment safety analysis. Following that is a discussion on 

segmentation methods present in the literature. Finally, a discussion on previous BYU-UDOT 

research efforts on segment and intersection safety is provided along with a summary of the 

literature review. 

2.2 The Determination of Segment-Related Crashes 

There are several methods for identifying segment-related crashes in the literature. The 

most common method is to first determine the intersection-related crashes. The Highway Safety 

Manual (HSM), published by the American Association of State Highway and Transportation 

Officials (AASHTO), recommends that engineers use the intersection-related field of the crash 

data to determine intersection-related crashes if such a field is given on the crash report. If none 

is available, 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 comments 

that other entities often define 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 intersection” (AASHTO 2010). Following this guideline, a radius of 250 feet 

may be used to search for intersection-related crashes but should not be the only criteria 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, 
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Mountain et al. (1996) and Cafiso et al. (2018) chose to measure a distance of 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 Jiri et al. (2016) 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 Jiri et al. (2016) 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, given in Table 2-1, 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 within this functional area were used in the 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 as shown in Figure 2-1 (Williams et al. 2014). The 
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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). 

Table 2-1: Functional Area Values Used in the ISAM 

Speed (mph) d1 d2 d3 Total 

≤20 75 70 50 195 

25 90 105 50 245 

30 110 150 50 310 

35 130 225 50 405 

40 145 290 50 485 

45 165 360 50 575 

50 185 440 50 675 

55 200 525 50 775 

60 220 655 50 925 

65 240 755 50 1045 

70 255 875 50 1180 

≥75 275 995 50 1320 

 

Figure 2-1: Upstream functional distance of an intersection (Rodegerdts et al. 2014). 

2.3  Portions of Roadway Lengths to be Included in the Roadway Dataset 

Even after deciding what crashes to include in or exclude from a segment-only analysis, 

decisions about the roadway network remain to be made, specifically which portions of the 
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roadway should or should not be included in the analysis. The HSM discusses highway 

segments, meaning portions of roadway that may have intersections along them. It explains that 

all crashes that lie within the physical area of an intersection (area A in Figure 2-2) are to be 

considered intersection related, but that crashes occurring within the functional area of an 

intersection (area B in Figure 2-2) may be a mixture of intersection- and segment-related 

occurrences. The method given in the HSM does not remove the physical area of the intersection 

in the segmentation process but instead uses the intersection centers as splitting points; in effect, 

causing some segments to include part of the physical area of an intersection (AASHTO 2010).  

 

Figure 2-2: Definition of segments and intersections (AASHTO 2010). 

Statewide segment analyses would include both highway and freeway segments. 

Although highway intersections and freeway interchanges differ in their physical characteristics, 

the assumption made by AASHTO that some crashes within the physical area of an intersection 

could be related to the segment (and not the intersection) could also be loosely applied to 

interchange areas of freeway segments: portions of freeway general purpose lanes influenced by 

nearby interchanges (i.e., portions with significant weaving, merging, and diverging movements) 

may contain both segment-related crashes and interchange-related crashes. The literature, 

however, suggests that such an assumption is not usually made for these facilities. In general, 

researchers who have conducted freeway segment analysis studies tended to remove the 
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distances related to interchange-influenced behavior. In one study, Cafiso et al. (2018) removed 

the interchanges and their lengths of influence from the roadway database. In a different freeway 

segment crash study, lengths other than “basic freeway segments” (i.e., not within the merging or 

diverging areas) as defined in Figure 2-3 were removed from the dataset of the study by the 

researchers (Zheng et al. 2018). 

 

Figure 2-3: Definition for freeway segments (Zheng et al. 2018). 

Much of the literature identified for this research study does not contain any reference as 

to whether the length of the intersection was included in the segmentation process for non-

freeway research. The absence of this discussion in most segment-only research endeavors leads 

the reader to believe that the length of each intersection was not removed in the segmentation 

process. This would indicate a general agreement in the literature with the method proposed in 

the HSM: Remove intersected-related crashes but keep all portions of the roadway in a highway 

segment analysis. 

2.4  The Segmentation Process 

Beyond deciding what portions of roadway to include in a segment analysis, it is 

necessary to determine the best segmentation method or way to divide the entire network into 

manageable portions. Within the literature, the most common segmentation process was that of 
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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). 

Table 2-2: Variables Used in Homogeneous Segmentation Methods 

 
Variables Used 

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

Kwon et al. (2013)     X    X   

Schultz et al. (2016) 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. 

In addition to the research cited in Table 2-2, Gaweesh et al. (2017) and Ogle et al. 

(2017) 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. (2016) referenced in 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: average annual daily traffic 

(AADT), functional class, number of through lanes, and speed limit (Schultz et al. 2012). 
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Beginning in 2013, BYU-UDOT crash analysis research has included urban code as a fifth 

segmentation variable (Schultz et al. 2013). 

Despite homogeneous segmentation being the most common method for roadway 

segmentation, other methods do exist in the literature. For example, Zheng et al. (2018) did not 

segment their freeway model beyond the breaks made at the interchanges as discussed previously 

and as shown in Figure 2-3.   

As another example of research that differed from the majority, Cafiso et al. (2018) 

performed four different segmentation methods on their freeway segment analysis to find the 

method that resulted in the best statistical fit for their data. The first method was to create 

homogeneous segments with respect to two variables: AADT and curvature. The second method 

was to create all segments with exactly two curves and two tangents. The third method was to 

create segments of constant length. The researchers chose this length to be approximately 2,135 

feet (650 meters) which is the same length as the largest interchange in their analysis. The fourth 

method was to create homogeneous segments with respect to four variables: curvature change 

rate, grade, tunnel presence, and roadside hazard rating. According to their research, the two 

best-fitting models were the third (fixed length) and second (two curves and two tangents) 

methods.  

2.5 Previous BYU-UDOT Research 

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

to the present research: the RSAM for segments (Schultz et al. 2016) and the ISAM for 

intersections (Schultz et al. 2018). This section gives background on these two methodologies as 

well as their connection to the present research.  

For all the UDOT-contracted research discussed in this report, crash severity levels are 

rated according to the KABCO scale used by the Federal Highway Administration (FHWA) 

(2017). Severity is coded as an integer between 1 and 5 as outlined in Table 2-3. The term 

“injury crashes” will be used in this report to mean Severities 3, 4, and 5 (KAB); “total crashes” 

will mean crashes of Severity 1 through 5 (KABCO). 
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Table 2-3: Severity Level Codes 

Code Description FHWA Code (2017)  

5 Fatal K 

4 Suspected Serious Injury A 

3 Suspected Minor Injury B 

2 Possible Injury C 

1 No Apparent Injury O 

2.5.1 Roadway Safety Analysis Methodology 

The RSAM was first created by a BYU research team in 2016 and was the first phase in 

BYU-UDOT research to create a statewide model identifying locations with high potential for 

safety improvement. Because it analyzes roadway segments, it forms the foundation for the 

CAMS which looks more specifically into reducing segment-related crashes. 

The three parts of the RSAM 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. The following sections will describe these three parts, all of which can be 

found in more detail in the UDOT report published by Schultz et al. (2016).  

2.5.1.1 Data Preparation 

The first part of the RSAM is to prepare the data in such a way that they could be used as 

an input to statistical models. All the necessary data comes from UDOT, most of which can be 

found on the UDOT Open Data Portal (UDOT 2017). Due to privacy concerns, sensitive crash 

data are not available to the general public.  

The data preparation is done with the use of VBA programming, and an outline of this 

part of the RSAM is shown in Figure 2-4. Four crash data files (Crash Data, Crash Rollup, Crash 

Location, and Vehicles) are combined into one file. The Crash Locations file is used to identify 

which crashes occurred on a state route and all other crashes are deleted. Information from the 

three other crash files are then attached to the remaining crashes by matching crash Identification 
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Numbers (IDs) across the files. In the analysis published in UDOT Report UT-16.13 (Schultz et 

al. 2016), crash data from the years 2010-2014 were used. In addition to the crash data, five files 

of roadway characteristic data (AADT, Functional Class, Lanes, Speed Limit, and Urban Code) 

are also combined into one new file. Route names and mileposts are compared across the five 

files to combine the data. Integrated into this process is a segmentation method that is used to 

break down the Utah state route network into small portions. These segments, ranging from one-

tenth of a mile to several miles in length, are created in a homogeneous manner, meaning that the 

AADT, functional class, number of lanes, speed limit, and urban code never change mid-

segment and that neighboring segments vary by one or more of these five characteristics.  

 

Figure 2-4: Flowchart for RSAM data preparation (Schultz et al. 2016).  



 

15 

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

containing segment information, are then integrated together. Each segment is given a unique ID 

to distinguish it from the others and to allow for quick reference between files. Crashes are 

matched to segments based on the route and milepost at which the crash occurred, and crash 

totals are appended onto each line of segment data. In addition, a column is added to the crash 

data file that contains the ID of the segment with which the crash is associated. This final data 

preparation process results in two files: one containing detailed segment information with 

associated crash totals and the other containing detailed crash information organized by 

associated segment.  

2.5.1.2 Statistical Analysis 

The second part of the RSAM is to determine hot spots, or portions of highway that have 

observed significantly more crashes in a five-year period (2010-2014) than was predicted for that 

same time span. Two separate statistical analyses were prepared and can be used in the RSAM, 

and a flowchart showing the application of these two analyses is shown in Figure 2-5. The first is 

the Utah Crash Prediction Model (UCPM), and the second is the Utah Crash Severity Model 

(UCSM). The UCPM predicts how many crashes of specified crash severities (e.g. 3, 4, 5) are 

likely to occur along a segment, whereas the UCSM predicts the number of injury crashes to 

occur along the segment based on the total number of crashes that occurred. Despite these 

differences, however, the models have a lot in common. Both of the models take the same input 

(the detailed segment information created in the data preparation process) and create predicted 

distributions of crashes for each segment. Furthermore, the observed number of crashes on each 

segment is compared to the predicted distribution and associated with a percentile value within 

that distribution. The segments are then ranked according to the percentile values with a higher 

percentile value representing a greater safety concern. The resultant rankings are then used to 

determine which segments are considered to be of highest priority for safety improvements. 
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    Note: the Numetric Screening App is no longer in use.  

Figure 2-5: Flowchart of the RSAM statistical analyses (Schultz et al. 2016). 

2.5.1.3 Technical Reports 

The third part of the RSAM is to create two-page technical reports, called Roadway 

Safety Analysis Reports (RSARs), for high-priority segments. 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 

RSARs. Python scripts compatible with ArcMap were written by the research team specifically 

for this purpose.  

The process also includes using additional VBA code to populate tables found in the 

RSARs. These tables display information taken from the calculations performed in ArcMap (i.e., 

roadway characteristics) and from the files created in the data integration process (i.e., segment 
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identification and crash data). Once the automated steps have been completed, research analysts 

then take individual RSARs and perform virtual site visits using online tools to gather more 

information on the background and current conditions of each segment. In years past, RSARs for 

the ten highest-priority segments in each UDOT Region were presented to UDOT for further 

evaluation. A flow chart of the report creation process is shown in Figure 2-6. 

 

Figure 2-6: Flowchart of the RSAM technical report creation process (Schultz et al. 2016). 

2.5.2 Intersection Safety Analysis Methodology 

First completed in 2018, the ISAM was developed to analyze and rank state route to state 

route intersections. The process is shown in Figure 2-7. In a similar fashion to the RSAM 

process, roadway data and crash data are first combined separately before being merged together. 

A statistical model performs a predictive analysis and then compares the predicted results with 

the actual crash counts, ranking the intersections in order of potential for safety improvement. 

Finally, two-page technical reports are created for top-ranking intersections. This section will 

describe each of these three steps as implemented in the ISAM when it was first completed in 

2018. 
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Figure 2-7: The ISAM process (Schultz et al. 2018).  

2.5.2.1 Data Preparation 

The first part of the ISAM is to combine and prepare the data so that the data can be used 

to perform a statistical analysis. Like the RSAM, all the necessary data come from UDOT, most 

of which can be found on the UDOT Open Data Portal (UDOT 2017). Again, due to privacy 

concerns, sensitive crash data are not available to the general public.  

The data preparation is done with the use of VBA programming. In identical manner to 

the RSAM, four crash data files (Crash Data, Crash Rollup, Crash Location, and Vehicles) are 

combined into one file. The Crash Locations file is used to identify which crashes occurred on a 

state route and then information from the other three crash files are attached to those crashes by 

matching crash IDs. In the analysis published in UDOT Report UT-18.06 (Schultz et al. 2018), 
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crash data from the years 2010-2016 were used. In addition to the crash data, seven roadway files 

(AADT, Functional Class, Intersection, Lanes, Pavement Messages, Speed Limit, and Urban 

Code) are also combined to create one new file. Intersections with at least two distinct state 

routes are identified in the Intersections file, and data from the other files pertaining to each 

intersection are found and matched by comparing route and milepost information. The input 

form used to begin both the roadway data preparation and the crash data preparation processes is 

shown in Figure 2-8.  

 

Figure 2-8: Input form for ISAM data preparation. 
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Once the roadway and crash data have been individually combined into new files, the 

final data preparation process can begin. This process gives a unique ID to each intersection and 

then assigns crashes to individual intersections based on their locations. Crashes are associated 

with an intersection if they occurred within the physical area of the intersection (as bounded by 

the stop bars) or within the functional area of the intersection. The functional area is represented 

by a distance beginning at each stop bar and extending away from the intersection along each leg 

of the intersection. This distance can be defined in several ways, including according to the 

approach speed limit (recommended), the urban code, and the functional class of the intersection 

leg. The ISAM has historically only been run with the recommended (approach speed limit) 

method. The values for the functional area distance based on the approach speed limit were 

previously given in Table 2-1, and their origin is discussed in Section 2.2.  

The process of combining the crash data with the intersection data ends in the creation of 

two files. One file contains a list of the intersection IDs; roadway characteristics and summarized 

crash data are given for each intersection in this file. The other file contains a list of the crashes 

included in the analysis; crash characteristics and the ID of the associated intersection are given 

for each crash in this file. 

2.5.2.2 Statistical Analysis 

The second part of the ISAM is to perform a statistical analysis on the data to find 

intersections that have more injury crashes than predicted. The statistical model is called the 

Utah Intersection Crash Prediction Model (UICPM) and is a Zero-Inflated Poisson (ZIP) model. 

In a manner similar to the UCPM for segments, the UICPM uses seven years (2010-2016) of 

crash data to build the model and creates distributions of predicted crashes for each intersection. 

The median value of each predicted distribution is compared to the actual (observed) annual 

crash rate as averaged over the seven years of crash data. Intersections are then ranked according 

to the percentile value of their observed crash rate within the predicted crash distribution.  

2.5.2.3 Technical Reports 

The third and final part of the ISAM is the creation of two-page technical reports referred 

to as Intersection Safety Analysis Reports (ISARs) created for high-ranking intersections. The 

first page includes tables displaying information about the location and layout of the intersection 
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as well as crash data summed up by severity and by crash factor. The information in this page is 

automatically populated using VBA macros. The second page is filled out manually by a 

research analyst and contains summaries of the historical and current conditions of the 

intersection, an aerial photo of the site, and a list of potential countermeasures.  

2.6  Summary 

The literature provides several different methodologies for conducting a crash hot spot 

analysis for roadway segments. The most common way to distinguish between a segment-related 

crash and an intersection-related crash is to use the distance of the crash from a known 

intersection, but the distance used to distinguish segment-related crashes from intersection-

related crashes varies from one research study to another. However, the literature appears to 

agree that all portions of the roadway network should be included in a segment safety analysis, 

even if some roadway portions observe significantly more intersection-related crashes than they 

do segment-related crashes. The most common method for segmenting the roadway network was 

homogeneous segmentation, yet the variables used varied between studies.  

BYU-UDOT research efforts in years past have included both a roadway crash hot spot 

analysis and an intersection-specific crash hot spot analysis. The roadway analysis includes all 

crashes, whereas the intersection analysis includes only crashes that are determined to be 

intersection related. This review of the literature serves as the basis for obtaining ideas about 

how a segment-related crash hot spot analysis might be performed for Utah state routes. 
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3.0  DATA COLLECTION 

3.1  Overview 

This chapter describes the different data files used in the CAMS research, how they may 

be obtained, what purpose(s) they serve, and the ultimate products that they help to create. A 

total of ten raw input files are used in the model; six pertaining to roadway data and four 

pertaining to crash data. This chapter will explain each file in these two groups (roadway data 

and crash data).  

3.2  Roadway Data 

The six roadway data files used in the CAMS are: AADT, Functional Class (for state 

routes only), Intersections, Lanes, Speed Limit, and Urban Code. Three of these files (AADT, 

Lanes, and Speed Limit) are accessible to the public via the UDOT Open Data Portal (UDOT 

2017).The Urban Code file has previously been accessible on the UDOT Open Data Portal, but it 

was unavailable on the website at the time of this report. The Functional Class and Intersections 

files used in this research were recently updated by UDOT to provide data columns needed for 

this research. These files are not available on the UDOT Open Data Portal but may be obtained 

upon request. Each of the six roadway data files will be discussed in more detail in the following 

subsections.  

3.2.1 AADT Data 

UDOT collects AADT data for state routes and federal aid routes in Utah once every 

three years according to recommendations in the Traffic Monitoring Guide published by FHWA 

(2016). The AADT file includes information about where the data were collected, lists the route 

number as well as the starting and ending mileposts for each line of data, and provides data 

ranging from the year 1981 until the most recent year of available data (2018 at the time of the 

report). In addition, the file quantifies single-unit truck traffic and combination truck traffic as 

percentages of AADT for the most recent year of available data.  
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According to the surveyed literature, AADT is the most common variable found in the 

various methods of homogeneous segmentation (See Table 2-2 in Section 2.4). It is one of the 

five variables that are used to create homogeneous segments in the BYU model. The AADT for 

each high-priority segment is provided in two-page technical reports (these reports are discussed 

in more detail in Section 6.3). The truck traffic information is also useful for the analysis. Many 

interstates and highways within Utah are popular freight routes and, as a result, have relatively 

high percentages of truck traffic compared to other routes in the state. The percent of truck traffic 

is used as a variable in the statistical models as explained in more detail in Chapter 5.  

3.2.2 Functional Classification Data 

The Functional Classification file provides the route number, county, and beginning and 

ending mileposts for all state routes. The file used in the CAMS was last updated in March 2019. 

The functional classification is given in both numerical code and text description formats. Codes 

and their corresponding descriptions are summarized in Table 3-1.  

Table 3-1: Functional Classification Codes and Descriptions 

Code Description 

1 Interstate 

2 Other Freeways and Expressways 

3 Other Principal Arterial 

4 Minor Arterial 

5 Major Collector 

6 Minor Collector 

7 Local 

 

The functional classification data is one of the five variables used to create homogeneous 

segments in the BYU model. The functional classification for each high-priority segment is 

provided in the two-page technical reports. 
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3.2.3 Intersections Data 

Updated by UDOT in May 2019, the Intersections file contains a record for every 

intersection on every Utah state route. Previous to this new file, information involving 

intersections with only one state route was limited, and data for the non-state routes at these 

intersections were not available. With the addition of information pertaining to state route 

intersections with federal aid and local routes in the Intersections file, it is possible for the user to 

select the intersections of choice and exclude the crashes at or near these intersections from the 

CAMS analysis.  

The Intersections file provides the main route number and milepost of the intersection as 

well as a brief description of the intersection type and traffic control used, all of which are 

provided in the two-page technical reports. The file also has columns that tell whether skew, 

railroad tracks, and/or another state route are present at the intersection. Additional columns 

include intersection latitude and longitude, and the UDOT Region and maintenance station in 

which the intersection lies.  

3.2.4 Lanes Data 

The Lanes file is a compilation of homogeneous stretches of state routes according to 

their number of lanes and lane width. Each segment has a route number, direction, beginning 

milepost, and ending milepost. Additional information provided in the Lanes files for each 

segment includes the UDOT Region, counts of different lane types on that segment (e.g., through 

lanes, auxiliary lanes, left turn lanes, etc.), beginning and ending coordinates, and beginning and 

ending elevation. This file was downloaded from the UDOT Open Data Portal in June 2019.  

Although the Lanes file provides information on all types of lanes, only the information 

about through lanes is used in the BYU model. The number of through lanes is one of the five 

variables used to create segments with homogeneous characteristics.  
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3.2.5 Speed Limit Data 

The Speed Limit file on the UDOT Open Data Portal provides the speed limit and 

beginning and ending mileposts for segments of the same legal speed limit on all state routes in 

Utah. This file was most recently updated in 2017.  

The posted speed limit for a segment of highway is used to create segments of 

homogeneous characteristics. It is also the recommended way to calculate intersection functional 

area. 

3.2.6 Urban Code Data 

The Urban Code file provides information about defined urban areas including the 

beginning and ending mileposts for each route that exists in each urban area. The file used in the 

CAMS was obtained from UDOT in May 2016. Urban areas in Utah consist of the following: 

Logan, Ogden-Layton, Provo-Orem, Salt Lake City, and St. George. In addition, the urban code 

file may also identify road segments as small urban, rural, and unknown. Each of these eight 

urban types (including the five urban areas) has a unique five-digit code. 

Because the large scope of a statewide model includes both urban and rural areas, it is 

important to distinguish between the two, especially since crash patterns on rural roadways often 

behave differently than those in urban areas. Utah’s urban code makes up one of the five 

variables used to create homogeneous segments in the BYU model. 

3.3 Crash Data 

Because it may contain personal information, detailed crash data are not available to the 

general public. The crash data collected by UDOT are saved into four files: Crash Data, 

Location, Rollups, and Vehicle files.  Each of the files contains a different type of information, 

but the records can be linked together by a unique crash ID for each incident.  
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3.3.1 The Crash Data File 

The Crash Data file provides information about the conditions in which the crash 

occurred. These conditions include roadway, weather, lighting, pavement, junction, work zone, 

horizontal and vertical curves, manner of collision, and first harmful event, all of which are 

recorded with various numerical codes. 

3.3.2 The Crash Location File 

The Crash Location file provides information including geographical coordinates (given 

in Universal Transverse Mercator (UTM) X and Y), city, route, and milepost. State routes are 

numbered by integers less than 1000 (0 to 999), and federal aid routes are numbered by integers 

between 1000 and 9999. Numbers containing five digits or more represent a city or county code 

for crashes on local roads or crashes that could not be located. 

This file is useful for selecting only crashes that occurred on a state route and for 

assigning crashes to segments based on route number and milepost.  

3.3.3 The Crash Rollup File 

The Crash Rollup file provides information about the circumstances of each crash. The 

number of vehicles and pedestrians involved in each crash are given along with the number of 

each severity type in each incident. Severity is coded as an integer between 1 and 5 as outlined 

previously in Table 2-3. In addition, there are more than two dozen Yes/No fields for different 

crash scenarios (such as pedestrian involved, adverse roadway surface condition, night or dark 

conditions, and speed related). A complete list of these fields is provided later in this report in 

Table 7-3.  

The Crash Rollup file is useful to the project because the intersection-related Yes/No 

field is used to filter out crashes that pertain to intersections at select locations. Tallies from the 

rollup Yes/No fields are also displayed in the final two-page technical reports and are used to 

help identify appropriate countermeasures.  
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3.3.4 The Crash Vehicle File 

The Crash Vehicle file provides more specific information about each vehicle involved in 

a crash. It provides the sequence of events for each vehicle as well as the posted speed limit, 

estimated travel speed, and travel direction. 

The sequence of events contained in this file are used in the report-making process as 

described in Chapter 6. They are inserted into tables to help research analysts identify the 

potential safety problem on high-priority segments. 

3.4  Summary 

The data essential for the CAMS process are all collected by UDOT and include files for 

AADT, functional class, intersections, lanes, speed limit, urban code, crash data, crash location, 

crash rollup, and crash vehicle data. Each data file provides unique and important information for 

the CAMS process. Roadway characteristics are important for portioning the roads into 

homogeneous segments, whereas crash data are used to assign crash totals to those segments. 

These data files are used in the data integration process as described in the following chapter. 
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4.0  DATA INTEGRATION PROCESS 

4.1  Overview 

The purpose of this chapter is to describe how the raw data files are combined and 

analyzed to produce the input to the statistical model. For these segments to be determined and 

their associated crashes to be assigned, raw data files of both crash and roadway characteristics 

information must be merged using VBA macros. These macros are hosted by a Microsoft Excel 

Macro-Enabled worksheet referred to as the R Graphical User Interface (RGUI) workbook. This 

chapter will describe the methods for combining the roadway data to create a dataset of 

segments, combining the crash data to create a list of all relevant crashes, and assigning crashes 

to segments to create the input to the statistical model.  

4.2  Combining the Roadway Data 

The purpose of combining the roadway data files is to create a dataset of segments with 

homogeneous characteristics. Such a dataset allows for statistical comparison and prediction 

between similar segments and is a crucial part in the crash analysis methodology. Combining 

several files of roadway data into one useful file is made possible using VBA macros. An outline 

of this process is shown in Figure 4-1. This section will describe the required user input, the 

VBA process, and the final segment file.  

4.2.1 Required User Input 

Upon beginning this process, the user must fill out an input form in the RGUI workbook 

as shown in Figure 4-2. Five files are required: AADT, Functional Class, Lanes, Speed Limit, 

and Urban Code. The user can choose between homogeneous segmentation (where the user may 

also enter a desired minimum segment length) and fixed length segmentation. Homogeneous 

segmentation is recommended. Once all the required information has been entered and the user 

has clicked the Combine Roadway Data button, the VBA macros begin the process of combining 

the data and making any necessary calculations as described in the next section. 
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Figure 4-1: Outline of CAMS process to combine roadway files. 

 

Figure 4-2: CAMS roadway data input form. 

4.2.2  VBA Process Description 

The initial step in the VBA process, “Copy Roadway Data to RGUI” shown in Figure 

4-1, is to copy the data in each of the roadway files and paste the rows and columns into separate 

sheets in the RGUI workbook. For the Functional Class, Lanes, Speed Limit, and Urban Code 

files, this step is done with only a few minor formatting and clarification edits. The AADT file 

goes through a similar editing process and also creates columns for UDOT Region and total 

percent of trucks.  
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The second step in the VBA process, “Consolidate Each Roadway Sheet” shown in 

Figure 4-1, is to consolidate the datasets. For example, there may be two or more consecutive 

lines in the Speed Limit file that represent adjacent sections of highway with the same posted 

speed limit. Whenever that is the case, these lines are combined into one—the beginning 

milepost of the single line is taken from the first section of adjacent sections, and the ending 

milepost is taken from the final section.  

The third and final step in the VBA process, “Merge Roadway Data Sheets” shown in 

Figure 4-1, is to merge all of the roadway data into one sheet, each line of data representing a 

unique segment of highway. In this step, the bounding mileposts for each segment are 

determined and the segment length is calculated. Segments that are smaller than the minimum 

segment length inputted by the user are combined with the next consecutive segment. Segment 

lengths, mileposts, and other data are also updated accordingly. To finish, the sheet with the 

segment data is exported to a new excel workbook and saved for future use.  

One thing to note about this process is that the interstate routes (I-15, I-70, I-80, I-84, and 

I-215) and Mountain View Corridor (UT-85) have been split into two directions each. This 

means that the positive direction (i.e., northbound or eastbound) is considered a separate segment 

from the negative direction (i.e., southbound or westbound) of the same route. For these split 

segments, each direction is assumed to have exactly one-half of the bi-directional AADT. 

Although other divided highways exist in Utah, the CAMS only splits the six routes mentioned 

and analyzes all other highways with combined positive and negative directions.  

4.2.3  Final Segment File 

The file created by the combine roadway files process has several key columns 

describing each segment, including route, beginning milepost, ending milepost, AADT for 2010 

and each year following, functional class, number of through lanes, speed limit, and urban code. 

Each line of the file lists a unique segment. A segment includes both the positive and negative 

directions of travel unless it is a segment of an interstate (I-15, I-70, I-80, I-84, and I-215) or 

Mountain View Corridor (UT-85). Adjacent segments vary from each other in at least one of the 

considered roadway characteristics (AADT, functional class, number of through lanes, posted 

speed limit, and urban code). A sample of this file is given in Figure 4-3.  
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4.3 Combining the Crash Data 

The purpose of combining the crash files is to create a list of crashes that will eventually 

be assigned to segments of state highway for the CAMS-specific analysis. Four related files of 

crash data are combined by matching unique crash IDs using VBA macros. An outline of this 

process is shown in Figure 4-4. This section will describe the required user input, the VBA 

process, and the final crash file. 

 

Figure 4-4: Outline of CAMS crash combination process. 

4.3.1 Required User Input 

To begin, the user must fill out an input form in the RGUI workbook as shown in Figure 

4-5. As prompted by the input form, the user must browse for the files that are required by the 

analysis. File paths for the Crash Data file, the Crash Locations file, the Crash Rollup file, the 

Crash Vehicle file, and the Intersections file are all required. The user must also select the types 

of intersection-related crashes to be removed from the segment analysis. The user may select 

one, two, or all three of the following options: State Route-to-State Route-Intersection Crashes 

(SR to SR), State Route to Federal Aid Route-Intersection Crashes (SR to Fed Aid), and 
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Signalized State-Route Intersection Crashes (Signalized SR). Selecting all three options is 

recommended. 

 

Figure 4-5: CAMS input form for combining crash data. 

The user must also choose how to define the effective distance of each intersection. The 

total effective distance for each intersection is the sum of two parts: the functional area distance 

and the physical area distance. 

4.3.1.1 Functional Area Distance 

There are two ways to define the functional area distance in the CAMS, just as there are 

in the 2019 ISAM. The first option is to define the distance based on the approach speed limit on 

the main (state) route. These values vary from 195 feet for an approach speed ≤ 20 mph to 1320 

feet for an approach speed ≥75 mph as shown in Table 4-1. These values are also used in the 

ISAM; for a discussion on the origins of Table 4-1, refer to Section 2.2. If the user chooses to 

define the functional area in this manner, the user will be prompted to browse for the Speed 

Limit file before beginning the analysis. The other option is to define the functional area distance 

as 250 feet, a practice referenced in the HSM (refer to Section 2.2 for further discussion on using 

250 feet as an estimate of the functional area of an intersection).  

4.3.1.2 Physical Area Distance 

In addition to the functional area distance, the user is also given the option to add in the 

physical area of the intersection. After measuring a sample of the intersections in the CAMS 
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dataset, it was determined that the average distance between the center of an intersection and its 

stop bars was 60 feet. The user can select whether they want to add this 60-foot physical area 

distance to the functional area distance. Both options (choosing to add or not add the 60 feet) are 

depicted in Figure 4-6. It is recommended that the user select the options “by approach speed” 

and “from the intersection’s approximate stop bar location” on the input form. Not only does this 

increase the likelihood of removing all intersection-related crashes from the segments, it also 

mirrors the analysis performed in the ISAM and removes the possibility of having overlap in the 

crashes analyzed by the two models.  

Table 4-1: Functional Area Distance According to Approach Speed Limit 

Approach Speed (mph) Functional Area Distance (ft) 

≤ 20 195 

25 245 

30 310 

35 405 

40 485 

45 575 

50 675 

55 775 

60 925 

65 1045 

70 1180 

≥75 1320 

 

 

Figure 4-6: Effective area distance with and without considering the physical area distance. 
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Once all the required information has been entered on the input form and the user has 

clicked the “Combine Crash Data” button, the VBA macros open each data file, copy the 

contents, and paste it on a new sheet in the RGUI workbook. This begins the process of 

combining the data and making any necessary calculations. 

4.3.2  VBA Process Description 

The first step in the VBA process, “Identify Intersections” shown in Figure 4-4, is to 

identify and create a list of intersections. To eventually flag and remove all crashes pertaining to 

the selected intersection types, the VBA code searches for information about the location of each 

intersection and records that information in a list on a new Excel sheet. The contents of this list, 

represented by main route numbers and mileposts, depend on the types of intersections selected 

in the input form. If state route-to-state route-intersection crashes are to be removed from the 

analysis, then each intersection in the file marked as such is added to the list. If state route to 

federal aid route-intersection crashes are to be removed, then each intersection with at least one 

intersecting route with a number between 1000 and 9999 is added to the list. Finally, if 

signalized state-route intersection crashes are to be removed, then each intersection marked as 

signal-controlled is added to the list. In the case that multiple types of intersections are checked 

on the input form, the VBA code will add an intersection to the list if it meets at least one of the 

criteria for each checked intersection type. These criteria are summarized in Table 4-2. 

Table 4-2: Filter Definitions for Intersection Types 

Intersection type Definition 

SR-SR only SR-SR column checked YES 

SR-Federal Aid The number of at least one route is between 1000 and 9999 

SR-signal The traffic control type is listed as “Signal” 

*Note: “SR” here is used to abbreviate “state route.” 

The second step in the VBA process, “Calculate Functional Area Distance” shown in 

Figure 4-4, is to determine the total effective distance of each listed intersection. The steps 

programmed in the VBA code are designed to calculate the functional area distance and the 

physical area distance using the data received from the input form.  These values are recorded on 
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the intersection list. The code is then used to sum up the two values on each line and it records 

this value which is the total effective distance for each listed intersection.  

The following step in the VBA process, “Remove non-SR” shown in Figure 4-4, is to 

pare down the crash files to include only the crashes to be analyzed. First, the location data for 

crashes that are reported to have occurred on a state route are copied and pasted onto a new sheet 

in the workbook. This new sheet will serve as the home for the combined crash files and will 

ultimately contain the complete list of crashes to be analyzed in the CAMS model. In the next 

step of the VBA process, “Match Location and Rollup” shown in Figure 4-4, the crash rollups 

data are added to the new crash sheet by matching crash ID numbers between the rollup data and 

the location data. The combined crash data are then pared down further in the following step of 

the VBA process, “Remove Intersection-Related Crashes” shown in Figure 4-4, according to the 

list of intersections created previously. This is done by comparing information about each crash 

on the combined crash sheet to the different bounds on the intersections list. If the route and 

milepost of a crash lies within the bounds of the effective distance of any intersection and if that 

crash is marked as intersection related, it is deleted from the crash data sheet.  

Once the crash list includes only the crashes to be analyzed in the CAMS model, the final 

VBA process, “Match All Crashes” shown in Figure 4-4, begins. The general crash data and the 

crash vehicle data are added to the combined crash data by matching the crash ID numbers. In 

the case that multiple vehicles were involved in the crash, only information relating to Vehicle 1 

(typically the vehicle at fault) is kept to simplify the dataset. When all the crash data has been 

matched and added, the sheet with the combined crash information is exported and saved as a 

comma-separated values (CSV) file.  

4.3.3 Final Crash File 

The file created by the combine crash process contains information on every crash that is 

considered segment related in this analysis. Each line of the file lists a unique crash and its 

characteristics, including location, weather conditions, roadway conditions, number of people 

injured, severity of injuries, crash factors, event sequence for vehicle number 1, and manner of 

collision. A sample of this file is given in Figure 4-7. 
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4.4  Assigning Crashes to Segments 

The purpose of combining the roadway file with the crash file is to assign crashes to the 

segments. Merging the crash information with the segment information is made possible using 

VBA macros. This process is outlined in Figure 4-8. The purple ovals represent the final two 

outputs of the data integration process as a whole: the CAMS Parameters file and the CAMS 

Input file. This section will describe the required user input, the VBA process, and the Input and 

Parameters files. 

 

Figure 4-8: Outline of the process to create the CAMS Input file. 

4.4.1  Required User Input 

Before beginning the combination process, the user must first fill out a brief input form as 

shown in Figure 4-9. The two files required in this input form are the output files created in the 

combining crash data and combining roadway data processes (see Sections 4.2.3 and 4.3.3 for 

description of these files). After selecting the file paths for both the road segment file and the 

crash file, the user must select at least one of the five crash severities to be analyzed. The 

requested range of years of crash data to be included in the analysis is also required. This part of 

the RGUI is usually run with all the severities checked and with the data range including the five 
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most recent years of available crash data (2014-2018 in this study). Once the user has completed 

the form, they can click the Create Input Data button and initiate the VBA code. 

 

Figure 4-9: Input form for combining the CAMS roadway and crash files together. 

4.4.2 VBA Process Description 

Once the code has been initiated, the road segment data and the crash data are copied and 

pasted into the RGUI workbook. In the first step of the VBA process, “Expand Years” shown in 

Figure 4-8, each segment data line is copied and pasted once for every year the user selected to 

include in the analysis. For example, if the years 2014 through 2018 were selected, each line of 

segment data would be copied four times, making a total of five lines, one for 2014, one for 

2015, etc., through 2018. All the data pertaining to roadway characteristics (with AADT as the 

only exception) remain the same for each year; the process assumes that the most recent data 

provided for the characteristics is accurate for all data years analyzed. Any changes in the 

physical characteristics of a segment are not accounted for in the data integration process but are 

instead noted in the produced reports as explained in Section 6.3.2.1.  
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In the next step of the VBA process, “Note Individual Crashes” shown in Figure 4-8, 

information about individual crashes is recorded on a separate sheet of the workbook. Each crash 

is matched to a segment by comparing the route and mileposts, and the matching segment ID 

number is appended to the crash data. This step is performed for all crashes that occurred on a 

state route within the data years analyzed (2014-2018 in this study). 

In the third and final step of the VBA process, “Tally Crash Information” shown in 

Figure 4-8, tallies of crash information are appended to the roadway characteristics listed for 

each segment. This crash information, summed by segment, includes crash totals for each 

severity type as well as all the crash rollup fields.  

4.4.3 Input and Parameters Files 

Once all the segments and crashes have been matched, two files are created: the Input file 

and the Parameters file. The Input file is a CSV file that includes a record for each segment, its 

roadway characteristics, and its summed crash information. Each line of the file is for an 

individual year; if the time period requested included five years, then five lines of data would 

exist for each segment. At the conclusion of the data integration process, the Input file is used in 

the statistical model. The Parameters file, however, is not used in the statistical model but is used 

later in the CAMS process to create two-page technical reports for top-ranking segments. The 

Parameters file is saved as an Excel workbook and contains a list of all the crashes included in 

the analysis, with the matching segment ID number appended to each crash. Differences in the 

function of these two files are given in Table 4-3. Samples of the Input file and the Parameters 

file are given in Figure 4-10 and Figure 4-11, respectively. 

Table 4-3: The Input File Compared to the Parameters File 

 Input File Parameters File 

Contains segment characteristics X  

Number of crashes per segment is determinable X X 

Provides crash details  X 

Used in the statistical model X  
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4.5 Summary 

A total of ten files of UDOT data, ranging from crash location information to the speed 

limit on any given mile of Utah state highway, are combined in the data integration process. The 

entire process requires three stages of user input: one for combining the roadway data, another 

for combining the crash data, and a third for assigning crashes to segments. These three stages 

constitute the bulk of the VBA code required for the CAMS analysis to be performed in its 

entirety. Two files are created at the end of the third stage: a file containing prepared segments 

for the statistical analysis and a file containing details about the crashes included in the analysis 

for use in the final analysis. Descriptions of the statistical model and final analysis are given in 

the following two chapters.  
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5.0 STATISTICAL ANALYSIS 

5.1 Overview 

The purpose of the statistical analysis is to identify high-priority segments. High-priority 

segments are those which observe many more crashes than are predicted. Identifying these 

segments is done by using the data to draw relationships between roadway characteristics and the 

number of injury crashes, creating distributions of predicted injury crash totals based on roadway 

characteristics, and flagging segments whose number of observed injury crashes is high 

compared to the predicted distribution.  

Two statistical models were made for the CAMS. One is a model that identifies locations 

with more injury crashes than predicted; this is called the CAMS Prediction (CAMS-P) model. 

The other model identifies locations that have higher proportions of injury crashes than predicted 

based on the total number of crashes that occurred on the segment; this is called the CAMS 

Severity (CAMS-S) model. The CAMS-S model uses the word “Severity” in its name because it 

incorporates data from crashes of all severities, whereas the CAMS-P model uses data from 

injury crashes only. The user need only choose one model to run the CAMS, but each model 

brings its own strengths to produce meaningful results. This chapter briefly explains the two 

models and the output that these models produce. 

5.2 The CAMS Prediction Model 

The CAMS-P model is intended to be an updated version of the UCPM used in the 

RSAM (see Section 2.5.1.2 of this report as well as Schultz et al. 2016). The UCPM is a ZIP 

model (also known as a Poisson Mixture Model) and performed well for the RSAM. A similar 

ZIP model was also used for the original ISAM and the new ISAM (see Section 8.2.2). This 

research intended to use a ZIP model like the RSAM and ISAM, but two other models were also 

considered to provide a comparison in performance. The other models considered were a Zero-

Inflated Negative Binomial (ZINB) model and a Negative Binomial Lindley (NBL) model. 

These models were chosen for their ability to analyze data with a high number of zeros, and each 

is discussed in detail in the BYU Statistics technical report titled “Justification for Considering 
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Zero-Inflated Models in Intersection Safety Analysis” (Pew 2020). The BYU Statistics report 

specifically talks about the models considered for the new ISAM, but similar conclusions can be 

drawn for the segment models as will be discussed in this section. 

Performance measures can be used to compare the predictive accuracy and goodness of 

fit (GoF) for the three models. Root-Predicted Mean-Squared Error (RPMSE) and Median 

Absolute Deviation (MAD) are representations of predictive accuracy, where a lower number 

represents a more accurate model for both metrics. GoF is a representation of model fit, where a 

better-fitting model has a GoF close to 0.05. Of these two performance measure types, predictive 

accuracy is more important to this research because the purpose of the CAMS is to use 

predictions to identify potential hot spots. Table 5-1 shows the values for these three metrics for 

all three models. The ZIP model falls in the middle for predictive accuracy and third for GoF. It 

is important to note, however, that none of the values in the table are concerning; all three of the 

models have adequate accuracy and fit, and it would be appropriate to use any of the three 

models. The metrics indicate that although the performance of the ZIP model may not be 

distinctly superior to the other two models, it still adequately models the CAMS data. This 

reasoning justified the use of the ZIP model in the CAMS. 

Table 5-1: Performance Measures for the Three Models 

Model RPMSE MAD GoF 

ZIP 1.265 0.74 0.135 

ZINB 1.259 0.74 0.057 

NBL 1.271 0.74 0.077 

The ZIP model as it has been implemented in the CAMS is a hierarchical Bayesian 

model. It uses four variables: speed limit, number of lanes, truck percentage of AADT, and 

natural log of Vehicle-Miles Traveled (VMT). It also uses urban code as an additional parameter 

to create a hierarchy; this allows for the effects of the variables to vary for different urban codes. 

The exploratory plots in Figure 5-1 show the relationships the variables in the model have with 

each other, especially with the number of injury crashes. From Figure 5-1 it can be determined 

that there is a weak negative correlation between total percent of trucks and injury crashes, weak 

positive correlations between speed limit and injury crashes as well as between number of lanes 
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and injury crashes, and a moderate positive correlation between the log of VMT and injury 

crashes.  

 

Figure 5-1: Exploratory plots for the CAMS-P (ZIP) model showing variable relationships 

(Pew 2020). 

The probability mass function of the ZIP model with its regression equation is given in 

Equation 5-1. In this equation, the variable i represents each segment, and the variable j 

represents each year. In addition, Y represents the number of injury crashes, and π represents the 

additional probability of observing zero beyond what a Poisson model would typically assume. 

Further explanation of these two equations can be found in the BYU Statistics report titled 

“Justification for Considering Zero-Inflated Models in Intersection Safety Analysis” (Pew 2020). 

Although the BYU Statistics report is written specifically about intersection models, the ZIP 

model as applied by the BYU Statistics team functions the same way for segments as it does for 

intersections. 

𝑃(𝑌𝑖𝑗 = 𝑦𝑖𝑗|𝜋, 𝜆𝑖𝑗)=

{
 

 𝜋+(1−𝜋)𝑒
𝜆𝑖𝑗       𝑦𝑖𝑗=0

(1−𝜋)
𝑒
𝜆𝑖𝑗𝜆

𝑖𝑗

𝑦𝑖𝑗

𝑦𝑖𝑗!
       𝑦𝑖𝑗=1,2,…

ln(𝜆𝑖𝑗)=𝛽0+𝑥𝑖𝑗
′ 𝛽𝑘+𝜂𝑖𝑗

 (5-1) 
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The primary input to the model is the Input file created in the data integration process and 

described in Section 4.4.3. The model is built with four years of recent crash data (2014-2017 in 

this study), and these years of data are used to create predicted distributions of injury crashes for 

each segment. Values of actual (observed) crash data from a fifth and most recent year of data 

(2018 in this study) are compared to the distributions created by the statistical model and 

assigned a percentile value. Once all segments have been associated with a percentile value, the 

segments are ranked in order from highest percentile value to lowest. 

It is important to note that although the predicted distributions are built with four years of 

crash data, only one year of observed crash data is used to rank each segment. In the case that a 

segment had an unusually high number of crashes in the one year being used to assign a 

percentile value, that segment would end up being ranked significantly higher in the state than it 

might have been had any other year of crash data been used. The opposite is true for a segment 

that experienced an unusually low number of crashes in that year. A brief discussion on possible 

future research to avoid these situations by altering the statistical analysis is given in Section 

9.3.1.  

A visual representation of the predicted crash distributions created by the statistical 

model is given in Figure 5-2. In this example, the observed number of injury crashes on a 

segment of I-15 in Utah County (the vertical dashed line) is plotted against the predicted 

distribution of crashes for that particular segment. The percentile for this segment is 0.9925, 

indicating that the observed number of injury crashes (which was 4 as is indicated by the dotted 

line) is significantly higher than predicted. The high percentile value for this segment resulted in 

it being ranked 21st out of 3,882 total segments.  
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Figure 5-2: Predicted distribution of crashes for a segment in the CAMS-P model. 

5.3 The CAMS Severity Model 

The CAMS-S model is intended to be an updated version of the UCSM used in the 

RSAM (see Section 2.5.1.2 of this report as well as Schultz et al. 2016). 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?”  

The CAMS-S model shares several similarities with the CAMS-P model, including the 

variables that it uses. The variables in the CAMS-S model are speed limit, number of lanes, 

percent trucks, and VMT (no log transformation used). The relationship of these variables is 

shown in the exploratory plots given in Figure 5-3. The plots indicate that, similar to the CAMS-

P model, there is a weak negative correlation between total percent of trucks and injury crashes, 

weak positive correlations between speed limit and injury crashes as well as between number of 

lanes and injury crashes, and a moderate positive correlation between VMT and injury crashes.  
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Figure 5-3: Exploratory plots for the CAMS-S model showing variable relationships (Pew 

2020). 

The probability mass function for the CAMS-S model is given in Equation 5-2. In this 

equation, all variables are as previously defined for Equation 5-1, with the exception that in this 

model π represents the probability of a crash being injury-causing. This model also includes n 

which represents the total number of crashes. The performance measures (RPMSE and MAD) 

for this model are given in Table 5-2 and indicate that the model provides adequate prediction 

accuracy. The GoF test does not work well with this model, so it is not included in the table. 

𝑃(𝑌𝑖𝑗 = 𝑦𝑖𝑗|𝜋𝑖𝑗)= (
𝑛𝑖𝑗
𝑦𝑖𝑗
)𝜋𝑖𝑗

𝑦𝑖𝑗
(1−𝜋𝑖𝑗)

𝑛𝑖𝑗−𝑦𝑖𝑗        𝑦𝑖𝑗=0,1,…,𝑛𝑖𝑗

log(
𝜋𝑖𝑗

1−𝜋𝑖𝑗
)=𝛽0𝑘+𝑥𝑖𝑗

′ 𝛽

 (5-2) 

Table 5-2: Performance Measures for the CAMS-S Model 

RPMSE MAD 

1.359 0.888 
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The segment ranking system for the CAMS-S model is similar to that of the CAMS-P 

model. The CAMS-S model analyzes the relationships between roadway characteristics and the 

ratio of injury crashes to total crashes on each segment using four years (2014-2017 in this study) 

of data as provided in the Input file. The model predicts how many injury crashes would occur 

on each segment in a fifth year (2018 in this study) based on the number of total crashes 

observed on the segment during that same year. These predictions are given as distributions, and 

each segment is associated with a percentile value based on where the number of observed injury 

crashes falls in the predicted distribution.  

5.4 Output from Statistical Analysis 

The output of whichever model is used (the CAMS-P model or the CAMS-S model) is 

termed the Results file. It is exported as a CSV file and looks exactly like the Input file with the 

addition of a few columns. These new columns include the following information about each 

segment: the mean number of predicted crashes for the most recent year of data (2018 in this 

study), percentile value, rank in state, rank in region, and rank in county. A sample of the Results 

file from the CAMS-P model is given in Figure 5-4. In addition, the 20 highest-ranking segments 

from the CAMS-P model and CAMS-S model are given later in this report, in Table 7-1 and 

Table 7-2, respectively.  

5.5 Summary 

Two statistical models were applied to the CAMS data: the CAMS-P model and the 

CAMS-S model. The CAMS-P model is a ZIP model that identifies segments with unusually 

high numbers of injury crashes in a selected year (2018 in this study) whereas the CAMS-S 

model identifies segments with unusually high proportions of injury crashes versus total 

observed crashes in a selected year (2018 in this study). Both models produce a CSV file of their 

results which is used to create brief, automated technical reports as will be discussed in the 

following chapter. Results of the two models and their implications are discussed further in 

Chapter 7.  
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6.0 REPORT CREATION AND FINAL ANALYSIS 

6.1 Overview 

The purpose of the report creation portion of CAMS is to help bridge the gap between 

knowledge and action. Additional VBA macros combine two previously created files—the 

Parameters file described in Section 4.4.3 and the Results file described in Section 5.4—to create 

reports that guide UDOT engineers in finding solutions to high-priority segments. This chapter 

will first describe the Report Compiler which contains the VBA macro process and then discuss 

the produced two-page technical reports. 

6.2 The Report Compiler 

The Report Compiler file is an Excel Macro-Enabled workbook containing VBA code to 

present the results of the statistical model and to create reports for the high-priority segments. 

The home tab of the workbook shown in Figure 6-1 tells the reader the functional purpose of the 

file and extends a few warnings about the sensitivity of the code.  

 

Figure 6-1: Home tab of the Report Compiler. 
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Upon clicking the “Start Macros” button in the Report Compiler as shown in Figure 6-1 

and then selecting “Segment Reports (CAMS; 2020)” in the resulting input form shown in Figure 

6-2, the user will be prompted to enter the name of the statistical model used (for referencing 

purposes only) as shown in Figure 6-3. Once the user has entered and confirmed the model 

name, the Report Compiler will instruct the user to browse for the Results file and then for the 

Parameters file. The VBA code is then programmed to load the two files and then subsequently 

prompt the user to select how many and what scope of reports to create as shown in Figure 6-4. 

Options include creating reports for a specified number of segments in the state, each UDOT 

Region, or each county.  

 

Figure 6-2: Report type input form. 

 

Figure 6-3: Prompt for CAMS model name. 
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Figure 6-4: CAMS input form for selection of number of reports. 

Upon confirming their selection, the user need only wait a few minutes for the reports to 

be created. The VBA code is programmed to sort through the Results and Parameters files to find 

information pertaining to the selected segments. Tables pertaining to the roadway characteristics 

as well as the crash data associated with each segment are subsequently generated. 

6.3 The Two-Page Technical Reports 

The purpose of creating the two-page technical reports is to provide UDOT engineers 

with initial summaries of the high-priority segments. The reports are titled Segment Safety 

Analysis Reports (SSARs). Research analysts review the tabular information in the reports and 

provide additional notes on the identified segments. Such analysis is purely preliminary, and it is 

understood that UDOT engineers will dig deeper into the potential issues of the segments 

themselves using the SSARs as a starting point. This section will describe page one and page two 

of the SSARs. Images of the blank report are provided in this section in Figure 6-5 and Figure 
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6-6, and a sample completed SSAR is provided at the end of this chapter in Figure 6-7 and 

Figure 6-8. 

6.3.1 Page One of the Technical Reports 

Figure 6-5 shows the first page of the blank report as saved in the Report Compiler 

workbook. It is meant to display the crash data and roadway characteristics that were compiled in 

the data integration process and used in the statistical analysis. The purposes of each of the seven 

tables on this page of the report are explained in the following subsections.  

6.3.1.1 Roadway Data Tables 

The first three tables of the SSAR display information about the roadway data. Table 1 of 

the SSAR is the Segment Metadata table. It includes basic information used to identify the 

segment and its level of priority. The state, region, and county ranks are given in addition to the 

route number, direction, and milepost limits. Table 2 of the SSAR is the Segment Characteristics 

table. It displays four of the five variables used in the homogeneous segmentation process for 

this segment, namely AADT, functional class, number of through lanes, and posted speed limit. 

Table 3 of the SSAR is the Roadway Characteristics table. It contains information about the 

roadway design. Portions with a median, shoulders, curves, differing lane widths, barriers, or 

rumble strips are noted. This table is originally blank, and the research analysts fill out the 

information manually while they complete virtual site visits as described in Section 6.3.2.1.  

6.3.1.2 Crash Data Tables 

Tables 4 through 7 of the SSAR contain information about the crashes that occurred on 

the segment. Table 4 of the SSAR is the Crash Count and Severity table. It lists out how many 

crashes of each type occurred during the analysis period. For reference, it names the crash 

severities considered in the statistical model (e.g., “3, 4, 5” for injury crashes) and the method by 

which the functional area was defined (e.g., “by speed from stop bar”). The table also displays 

the number of crashes that occurred in the most recent year analyzed (2018 in this study) as well 

as the number of crashes predicted to occur on that segment by the statistical model. It also 

details the number of crashes per severity type that occurred on the segment during the entire 

analysis period (2014-2018 in this study).  
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Figure 6-5: Page one of the blank SSAR. 
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Table 5 of the SSAR is the Top 7 Crash Factors table. It lists in descending order the 

seven most common crash factors for injury crashes on this segment as reported by the 

investigating police officer at the scene of the crash. Totals are given as fractions of the injury 

crashes and of the total crashes. Both sums are given because they can provide different insights 

into crash patterns on the identified segment. The factors that pertain to just the injury crashes 

are insightful because it is the injury crashes that are used in the statistical model to identify 

which segments are high priority. However, the most common factors for any severity can also 

reveal crash patterns. A list of all the possible crash factors found in the Crash Rollup file is 

given later in this report in Table 7-3. 

Table 6 of the SSAR is the Manner of Collision Data table. It lists in descending order the 

nine most common manners of collision for injury crashes on the segment. Totals are given as 

fractions of the injury crashes and of the total crashes. A list of all the possible manners of 

collision is given later in this report in Table 7-4. 

Table 7 of the SSAR is the Data from Crash and Vehicle Datasets table. It contains 

information about the event sequence of each vehicle involved in an injury crash on the segment. 

It is there to help analysts recognize patterns in the crashes and encourage them to think critically 

about potential countermeasures. Once the research analyst has completed page two of the SSAR 

(discussed in the next section), they remove Table 7 before presenting the final reports to UDOT. 

Doing so keeps the SSARs brief since the content in Table 7 can be very lengthy. 

6.3.2 Page Two of the Technical Reports 

The second page of the SSAR hosts less quantitative data and more qualitative 

information. Figure 6-6 shows the page still blank with the exception of an unfiltered list of 

potential countermeasures that will appear at the bottom of the page after running the Report 

Compiler. None of the information on this page comes from the data integration process or 

statistical model. The following subsections describe the relevance and nature of the sections on 

this page.  
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Figure 6-6: Page two of the blank SSAR. 

6.3.2.1 Historical Perspective, Current Conditions, Site Visit Notes 

When the research analysts receive the automated reports, they review the given 

information presented in the tables to gather an idea of the potential safety problem present at the 

site. Analysts then use tools such as Mandli’s Roadview Explorer (Mandli Communications 

2020), Google Maps (Google 2020), and Google Earth Pro (Google 2019) to help identify 
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historical and current conditions of the site. They report their findings from this virtual site visit 

in the first section of page two of the SSAR.  

In addition to the written summary of the virtual site visit, the analysts insert two figures 

into each report. The first figure is a street view (taken from one of the aforementioned services) 

depicting something of interest mentioned in the written summary. The second figure is a 

Geographic Information System (GIS) map showing the location of the segment. The GIS maps 

are created using the ArcMap software published by Esri as well as an Esri shapefile that can be 

created from the Results file. An example of these two figures is provided in Figure 6-8. 

6.3.2.2 Possible Countermeasures 

The VBA code is programmed to paste a list of countermeasures at the bottom of the 

second page of the SSAR. This list is a compilation of countermeasures found in the National 

Cooperative Highway Research Program (NCHRP) 500 Report (Neuman et al. 2003) and the 

Countermeasures That Work report (Goodwin et al. 2015). Research analysts search through this 

auto-populated list for actions that may help to reduce the types of crashes present at the site. The 

analysts choose 4 to 12 actions and list the selected countermeasures in one of two columns, 

engineering countermeasures or policy countermeasures, depending on the nature of the potential 

solution. The unselected countermeasures are then removed from the SSAR.    

6.4 Summary  

The output of the statistical model identifies the segments that could most benefit from 

safety improvements, and the SSARs provide suggestions for improvement for these top-ranking 

segments. The creation of these reports is performed automatically; the VBA code is 

programmed to fill in information about the physical characteristics and crash history of the 

segments and then print each report to a separate Excel workbook. The individual reports are 

then reviewed by research analysts. Supplemental information about the segments is written and 

hand-typed into the SSARs to augment the data tables provided. 
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Figure 6-7: Sample SSAR – page one. 
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Figure 6-8: Sample SSAR – page two.  
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7.0 ANALYSIS OF RESULTS 

7.1 Overview 

The results of the CAMS are meant to help UDOT prioritize segments of Utah state 

routes for safety improvements. As discussed in Chapter 5, segments are ranked using statistical 

models (the CAMS-P and CAMS-S models). This chapter provides discussion on the top 20 

high-priority segments as identified by both statistical models. It also discusses the top crash 

factors and manners of collision found in the CAMS-P model results. 

7.2 CAMS Prediction Model Results Discussion 

The results of the CAMS-P model analysis are given in Table 7-1 and mapped in Figure 

7-1. The route label gives the 4-digit route ID plus the direction code (P stands for positive, 

meaning the northbound or eastbound direction; N stands for negative, meaning the southbound 

or westbound direction). The percentile values expressed in the table come from the statistical 

analysis, and a higher percentile value directly correlates to a higher state rank. The value for 

“2018 Predicted Injury Crashes” is the mean value of the crash distributions to which the “2018 

Injury Crashes” values are compared. As can be seen in Table 7-1, the top 20 segments are 

spread almost equally between the four UDOT Regions. The top-ranking segments ranged from 

having 3 crashes to 357 total crashes in the five-year period from 2014 to 2018. The only route to 

have multiple segments show up in the top 20 was I-15.  

It is interesting to note that five of the top 20 segments are from UDOT Region 4. Of all 

three years BYU has run the UCPM with the RSAM methodology, Region 4 segments never 

placed in the top 20 in the state. The sudden jump for multiple Region 4 segments is theorized to 

be explained by understanding the differences between the RSAM and the CAMS. Because the 

RSAM does not remove intersection-related crashes from the segments, Regions 1, 2, and 3—

which tend to have larger and busier intersections than Region 4—are more likely to be flagged 

as outliers than any segment in Region 4. But in the CAMS, a methodology that removes 

intersection-related bias, segments would only rank high if they are experiencing an unusually 

high number of segment-related crashes. Thus, by removing intersection-related bias, it can be 
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seen that there are some segments in Region 4 that may have a significant safety concern when it 

comes to segment-related crashes.  

Although some of the actual crash numbers may not appear very high or concerning, it is 

important to emphasize the difference between the actual and predicted number of crashes. State 

rank 1, for example, experienced 4 injury crashes in 2018. Yet according to the model, segments 

with roadway characteristics like that of this segment are predicted to average less than 0.1 injury 

crashes per year. The difference, therefore, is significant.  

7.3 CAMS Severity Model Results Discussion 

The results of the CAMS-S model analysis are given in Table 7-2 and are mapped in 

Figure 7-2. The columns in the table function the same way as they do in Table 7-1 and the 

discussion in Section 7.2. This severity model, however, shows which segments have a higher 

proportion of injury crashes, meaning that if there is a crash on a segment that ranked high in the 

CAMS-S model, this crash is more likely to be injury-causing than it might be on another 

segment. As can be seen in Table 7-2, 15 of the top 20 segments are in UDOT Regions 1 and 2, 

and eight are in Salt Lake County. The top-ranking segments range from having 6 crashes to 412 

total crashes in the five-year period from 2014 through 2018. Four routes had multiple segments 

in the top 20: I-15, I-80, UT-209 (9000 S / 9400 S in Salt Lake County), and UT-171 (3500 S / 

3300 S in Salt Lake County).  

Historically, RSAM segments in UDOT Region 4 rank higher in the UCSM than they do 

in the UCPM. However, the CAMS results show fewer Region 4 segments in the CAMS-S top 

20 than in the CAMS-P top 20. Only one segment from Region 4 ranked in the CAMS-S top 20: 

a segment of southbound I-15 in Washington County which also ranked in the top 20 of the 

CAMS-P results. Seven other segments also showed up in the top 20 for both models. When a 

segment shows up in both models it indicates that it is a location that has a high number of 

crashes compared to similar segments and that the proportion of injury crashes is greater than 

other segments as well. For the segments that rank high in the CAMS-S model but not in the 

CAMS-P model, that means that although the number of crashes along that segment is not 

extremely atypical, the proportion of injury crashes is higher than expected.  
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Figure 7-1: Map of CAMS-P model top 20 segments. 
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Figure 7-2: Map of CAMS-S model top 20 segments. 
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7.4 Crash Factors Discussion 

Crash factors can be a window into the types of safety concerns present at a site and can 

aid an engineer in selecting useful countermeasures. Table 7-3 provides a list of all the crash 

factors found in the Crash Rollup file and gives the count and percentage of crashes in the 

CAMS-P model top 20 segments associated with each factor. It should be noted that each crash 

may have more than one crash factor associated with it and that all associated crash factors are 

accounted for in the table. 

Table 7-3: Crash Factors for the Top 20 Segments 

Factor 
Injury 

Crashes 
% 

All 

Crashes 
% 

Single Vehicle 112 12% 643 13% 

Roadway Geometry Related 110 12% 519 11% 

Roadway Departure 87 9% 328 7% 

Overturn/Rollover 76 8% 130 3% 

Speed Related 59 6% 391 8% 

Collision with Fixed Object 54 6% 292 6% 

Night/Dark Condition 51 5% 433 9% 

Adverse Roadway Surface Condition 47 5% 344 7% 

Motorcycle Involved 45 5% 65 1% 

Teenage Driver Involved 43 5% 287 6% 

Adverse Weather 36 4% 267 5% 

Intersection Related 32 3% 207 4% 

Older Driver Involved 31 3% 235 5% 

Distracted Driving 23 2% 147 3% 

Driving Under the Influence (DUI) 19 2% 50 1% 

Work Zone Related 19 2% 87 2% 

Commercial Motor Vehicle Involved 15 2% 113 2% 

Unrestrained 15 2% 36 1% 

Drowsy Driving 14 2% 39 1% 

Improper Restraint 14 2% 35 1% 

Wild Animal Related 11 1% 236 5% 

Bicyclist Involved 6 1% 8 0% 

Aggressive Driving 5 1% 14 0% 

Pedestrian Involved 4 0% 6 0% 

Domestic Animal Related 2 0% 7 0% 

Transit Vehicle Involved 2 0% 10 0% 

Railroad Crossing 0 0% 0 0% 

Train Involved 0 0% 0 0% 
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It is interesting to note that the proportion of some crash factors is higher when looking at 

just injury crashes compared to all crashes, specifically that of Overturn/Rollover and 

Motorcycle crashes. This indicates that crashes involving these are more likely to be injury-

causing. The opposite is true for Wild Animal Related crashes which are more represented in 

non-injury crashes than in injury crashes. This information can help UDOT understand that 

protecting vehicles from overturning as well as helping drivers and motorcyclists more safely 

share the road with each other has potential to help lower injury crash rates, whereas crashes 

with wild animals may not be as concerning in terms of driver (or passenger) injury. 

It is also interesting to note that some of the crashes in the results were marked as 

Intersection Related. There are a few possible explanations for this. The first possibility is that 

there are intersections that did not fall under the three categories excluded from the analysis: 

state route to state route, state route to federal aid route, and signalized intersections on a state 

route. Intersection-related crashes from these three categories are removed in the data integration 

process as discussed in Section 4.3.2. If a non-state route or non-federal aid route intersected the 

state route without a signal, the crashes that occurred on the segment would still be included in 

the CAMS. Another possibility is that the functional area was not large enough to cover all the 

intersection-related crashes at one of the three intersection types. A third possibility is that some 

police officers who filed crash reports considered mid-block crashes related to accesses and 

driveways to be intersection related and marked the crashes as such on the crash report. Thus, it 

is very possible that there were intersection-related crashes in the CAMS data.  

The fact that a percentage of crashes were intersection related should not be ignored. 

Knowing the source of these crashes can be insightful. If the crashes come from classifying 

accesses and driveways as intersections, then there is no need for concern at the high percentage 

of intersection-related crashes; crashes at mid-block locations would most likely be addressed 

with a segment-type countermeasure and thus fit in well with the purpose of the CAMS analysis. 

Yet if the crashes come from an inadequately sized functional area, further research should be 

performed on this topic, perhaps through the use of a spatial analysis as will be discussed in 

Section 9.3.2. This is not a likely source of the intersection-related crashes present in the analysis 

since the values for the functional area are quite conservative and account for perception-reaction 

time, deceleration, and queuing. Finally, if the crashes come from intersections that do not fit one 
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of the three intersection types removed by the CAMS processes, perhaps all intersection types 

and their associated crashes should be removed for a segment-only analysis. This action was 

decided against early in the development of the CAMS due to the intention that the CAMS 

would be a complement to the ISAM, meaning that the CAMS would analyze only the crashes 

not analyzed in the ISAM. Due to the dense network of intersections common on Utah roadways, 

the ISAM would have double-counted a large number of crashes between two intersections if 

intersections were not selectively chosen to be part of the analysis. Thus, the decision was made 

to avoid such an action.  

Other factors near the top of the list in Table 7-3 include Single Vehicle, Roadway 

Geometry Related, and Roadway Departure, to name a few. The point of learning what factors 

were involved in the crashes is to give engineers a greater ability to choose countermeasures in 

which they can place confidence. 

7.5 Manners of Collision Discussion 

Manners of collision give insight into how vehicles are crashing and, like crash factors, 

are useful in aiding an engineer to select countermeasures that will make a difference at the site. 

Table 7-4 lists all possible manners of collision as well as the count and percentage of crashes in 

the CAMS-P model top 20 segments associated with each manner. 

Table 7-4: Manners of Collision for the Top 20 Segments 

Manner of Collision 
Injury 

Crashes 
% All 

Crashes 
% 

N/A [Single Vehicle] 116 48% 680 37% 

Front to Rear 61 25% 673 37% 

Angle 37 15% 211 12% 

Sideswipe Same Direction 20 8% 191 11% 

Head On 5 2% 25 1% 

Parked Vehicle 3 1% 15 1% 

Sideswipe Opposite Direction 2 1% 23 1% 

Rear to Side 0 0% 0 0% 

Rear to Rear 0 0% 0 0% 

Unknown 0 0% 0 0% 
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The most common manner of collision is N/A which almost always means that the crash 

only involved one motorized vehicle. This is expected; single vehicle crashes are likely to be 

more prominent on a segment than at an intersection. The next most common manner of collision 

is Front to Rear, commonly called rear-end crashes. In contrast with the first manner of collision, 

rear-end crashes are more often associated with intersections and queues than with segments. 

Although surprising, this may be explained via the same reasons as found in the discussion on 

intersection-related crashes in Section 7.4.  

7.6  Summary 

The 20 highest ranking segments in the CAMS-P model and CAMS-S model have eight 

common locations between them. The results from both models also show common trends 

including the high proportion of segments from UDOT Regions 1 and 2 and segments located in 

Salt Lake County in particular. Even so, five segments from UDOT Region 4 ranked in the top 

20, an outcome previously unobserved in RSAM results. Crash factors and manners of collision 

data for the CAMS-P model top 20 segments allow engineers to receive insights into what 

specific safety problems may be occurring at each site. Rollover and motorcycle crashes are 

shown to be more frequently injury-causing than other crash factors analyzed. The data also 

indicate that there are still some intersection-related crashes being analyzed by the CAMS, but 

this is likely not a concern as it allows the model to identify mid-block locations where crashes 

may be occurring at driveways. This allows an analysis of access management to be performed. 
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8.0 INTERSECTION ANALYSIS MODIFICATION 

8.1 Overview 

Part of the research efforts tied to the CAMS was the modification of the ISAM. In 2019, 

a new and more comprehensive Intersections file (one of the key inputs into the ISAM) was 

produced and provided by UDOT. Functional class data also became available to BYU for 

federal aid routes in addition to state routes. These new files allowed an improvement of the 

ISAM to be possible. This chapter will describe the changes made to the ISAM and will discuss 

the model results obtained in 2019. 

8.2 Changes in the ISAM 

A BYU research team updated the ISAM in 2019 to analyze not only state route-to-state 

route intersections, but also state route to federal aid-route intersections and signalized state 

route-to-local road intersections. This increased the number of analyzed intersections 

approximately seven-fold. This section will discuss the main differences between the 2018 

ISAM and the 2019 ISAM, including changes made to the data preparation process, the 

statistical analysis, and the technical reports for high-ranking segments.  

8.2.1 Changes in Data Preparation 

The first major change between the 2018 and 2019 versions of the ISAM is found in the 

types of intersections that can be analyzed. In 2018, only intersections with at least two distinct 

state routes could be analyzed. Information in the UDOT Intersections file for intersections with 

only one state route was limited, and data for the non-state routes at these intersections were not 

available. However, more information about the intersecting routes was added to the 

Intersections file, allowing more detailed identification of all intersections along a state route. In 

the 2019 version of the ISAM, up to three types of intersections may be included. These three 

intersection types are: State Route-to-State Route Intersections (SR to SR), State Route-to- 

Federal Aid-Route Intersections (SR to Fed Aid), and Signalized State-Route Intersections 

(Signalized SR). These options are presented in the input form used to combine the roadway data 

together as outlined in red in Figure 8-1. It is recommended to select all three intersection 
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types—doing so maximizes the number of intersections which as a result improves the statistical 

analysis.  

 

Figure 8-1: 2019 ISAM input form for the data preparation process. 

The second major change to the ISAM is found in the types of crashes included in the 

analysis. Unlike the 2018 version, the 2019 ISAM only includes crashes coded as “Intersection-

Related” in the UDOT Crash Rollup file. Furthermore, crashes from all the approaches at the 

intersection are included, not just the ones that occurred on a state route. These crashes are still 

associated with an intersection based on the determined functional area of the intersection, and 
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the 2019 ISAM still recommends that the distance from the intersection stop bar to the end of the 

functional area be calculated using the approach speed limit. The option to define the functional 

area by an alternative method still exists, but the options are different than they were in the 2018 

version. The options to define the functional area based on functional class or urban code were 

removed (these options had historically never been used by BYU or UDOT to run the ISAM) 

and the option to define the functional area by a fixed length was made available. The default 

value for this fixed length is 250 feet, but it may be changed by the user.  

8.2.2 Changes in Statistical Analysis 

Changes to the statistical analysis were also made to the ISAM. To avoid using the same 

data to build the model and rank the intersections, the UICPM was altered while continuing to 

use a ZIP model. Like the CAMS-P model used for segments, the new UICPM uses four years 

(2014-2017 in this study) of injury crash data to build the model and one year (2018 in this 

study) to rank the intersections. The model uses number of entering vehicles, percent of trucks, 

number of lanes, roadway width, and approach speed limit as variables. In addition, there is a 

hierarchical structure that allows the effect of the variables to be different for intersections in 

different urban codes. Detailed explanation of the new UICPM (as well as alternative models 

considered) can be found in the BYU Statistics technical report titled “Justification for 

Considering Zero-Inflated Models in Intersection Safety Analysis” (Pew 2020). 

An additional statistical model was also applied to the data. This model is named the 

Utah Intersection Crash Severity Model (UICSM) and, unlike the UICPM, it uses all the crashes 

(Severities 1 through 5) in its analysis. Like the CAMS-S model used for segments, the purpose 

of the UICSM is to identify intersections with higher proportions of injury crashes (compared 

with total crashes) than predicted; the higher an intersection is ranked, the more likely it is that a 

crash occurring on that intersection would be injury-causing. Using the proportions observed in a 

four-year period (2014-2017 in this study), it creates predicted distributions of injury crashes for 

a fifth year (2018 in this study). In like fashion to the UICPM, the intersections are then ranked 

according to the percentile values of the observed crashes within those distributions. 
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8.2.3 Changes in the Technical Reports 

Many of the changes to the ISARs came as a result of a change made to the way the 

intersection legs are numbered. The 2019 version of the ISAM identifies up to five unique 

routes, as opposed to three unique routes found in the 2018 ISAM. In the 2019 version, 

intersection legs are numbered Route 0 through Route 4 as follows: Route 0 increases in the 

positive milepost direction as it approaches the intersection. The leg to the right is Route 1, the 

leg straight ahead is Route 2, the leg to the left is Route 3, and for five-legged intersections the 

fifth leg (not directly 90 or 180 degrees from Route 0) is Route 4. Figure 8-2 provides a visual 

representation of the route numbering system. For further clarification, a diagram was added 

adjacent to the Intersection Metadata table as can be seen in Figure 8-3. The Intersection 

Metadata and Intersection Characteristics tables in the ISARs were also updated to reflect the 

new numbering system and available data.  

 

Figure 8-2: Examples of route numbering (Adapted from UDOT Traffic & Safety 2017). 

Several additional changes were made to the ISARs in 2019. The 2018 version included a 

section for a paragraph summary of the crash history of the intersection. This was replaced in the 

2019 version with a table containing information about the most common manners of collision in 

the crash history at that intersection. This new table and the table for the most common crash 

factors were summed up in two ways instead of only one (the sum per total crashes was provided 

in addition to the sum per injury crashes previously provided). The implementation of these 

adjustments can be seen in Figure 8-4. The 2018 ISARs also included a list of suggested 

countermeasures for the safety problems present at the intersection taken from countermeasures 

in the NCHRP Report 500 (Neuman et al. 2003) and the Countermeasures That Work report 
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(Goodwin et al. 2015). In completed 2019 ISARs, this list is separated into two categories—

engineering countermeasures and policy or enforcement countermeasures—to highlight the 

distinct solutions that UDOT engineers, Utah Highway Patrol, and Zero Fatalities (among others) 

can bring to the table. 

 

Figure 8-3: Intersection identification and characteristics section of the 2019 ISARs. 

 

Figure 8-4: Crash data summary section of the 2019 ISARs. 
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8.3 Results and Discussion 

The results of the UICPM are given in Table 8-1 and mapped in Figure 8-5. The route 

label gives the 4-digit route ID plus the direction code (P stands for positive, meaning the 

northbound or eastbound direction; N stands for negative, meaning the southbound or westbound 

direction). The percentile values expressed in the table come from the statistical analysis, and a 

higher percentile value directly correlates to a higher state rank. The value for “2018 Predicted 

Injury Crashes” is the mean value of the crash distributions to which the “2018 Injury Crashes” 

values are compared. As can be seen in Table 8-1, 12 of the top 20 intersections are in UDOT 

Region 2, all of which were in Salt Lake County. The top-ranking intersections ranged from 

having 2 crashes to 249 total crashes in the five-year period from 2014 to 2018, and most of 

these intersections are signalized. Only four of the top 20 intersections involve two or more state 

routes, indicating that the expanded intersection analysis can discover hot spots that the 2018 

version cannot.  

The results of the UICSM are given in Table 8-2 and are mapped in Figure 8-6. The 

columns in the table function the same way as they do in Table 8-1. This severity model, 

however, shows which intersections have a higher proportion of injury crashes than predicted. 

This means that a crash at a high-ranking intersection is more likely to be injury-causing than it 

might be at another intersection.  

Similar to the results of the UICPM, 12 of the UICSM top 20 intersections are in UDOT 

Region 2, all of which are in Salt Lake County. The top-ranking intersections range from having 

2 crashes to 84 total crashes in the five-year period from 2014 through 2018, and nearly all of 

these intersections are signalized. Five of the top 20 intersections are on route 71 (700 E / 900 E 

in Salt Lake County). One final thing to note is that seven of the top 20 intersections were also 

ranked in the top 20 by the UICPM. Further discussion on the interplay between prediction 

model results and severity model results was given with the CAMS results in Section 7.3.  
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Figure 8-5: Map of UICPM top 20 intersections. 
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Figure 8-6: Map of UICSM top 20 intersections. 
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8.4 Summary 

The changes discussed in this chapter allow for a more robust hot spot analysis of 

UDOT’s intersection network. While the building blocks of the ISAM remain intact between the 

2018 and 2019 versions, the adjustments made to the methodology allow for a deeper analysis of 

intersection safety in Utah.  
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9.0 CONCLUSIONS 

9.1  Overview 

Every year, efforts are made to reduce the number of fatalities, injuries, and crashes on 

Utah roads. 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. Previous to the 

CAMS were the RSAM, a methodology that looks at road segments as a whole, and the ISAM, a 

methodology that looks at intersections. After some modifications were made to the ISAM as 

discussed in Chapter 8, the intersection analysis became more robust in 2019. Because of these 

changes, the CAMS and ISAM form a complementary pair of analyses that allow UDOT to 

focus on both intersection safety and segment safety without interference between the two 

distinct crash groups. The purpose of the CAMS is to provide a methodology that looks at road 

segments without influence from intersection crashes. This chapter reviews the CAMS 

methodology, discusses future research topics, and ends with concluding remarks.  

9.2  CAMS Methodology 

The CAMS uses Microsoft Excel VBA coding as well as R coding to accomplish its 

purpose. The overall process has three steps. First, existing UDOT data are taken and used to 

create spreadsheets of roadway segments and corresponding crash data. Next, these segments are 

analyzed with a hierarchical Bayesian statistical model that ranks the segments in order of 

highest risk based on crash history and segment conditions. Finally, two-page technical reports 

are created for high-priority segments as determined by the statistical model. This section 

reviews these three steps.   

9.2.1 Data Preparation 

There are six files of roadway data and four files of crash data used in the data 

preparation process. The roadway data files include information on AADT, functional 

classification, location of intersections, number of lanes, speed limit, and urban code pertaining 

to the entire state route network in Utah. The crash files contain information on crash 

circumstances and location, crash factors, and manners of collision.  
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A flow chart for the overall data integration for the CAMS is shown in Figure 9-1. The 

top left portion outlined in orange shows the process of combining crash data. VBA macros are 

programmed to first sort through the data, removing any crashes that didn’t occur on a state 

route. They are programmed to then identify crashes that occurred at significant intersections 

(state route intersections with another state route, a federal aid route, or a signal) and remove 

associated crashes from the data. Finally, the entirety of the crash data is merged together by a 

macro programmed to match unique crash IDs.  

The bottom left portion of Figure 9-1 outlined in black shows the process of combining 

the roadway data. The five data files are combined using VBA macros that match roadway 

characteristics to common segments using beginning and ending milepoints provided in each of 

the files. These segments are homogeneous, meaning that for the length of each compiled 

segment, all five characteristics (AADT, functional class, number of lanes, speed limit, and 

urban code) remain constant. Neighboring segments vary in at least one of the five 

characteristics.  

The top right portion of Figure 9-1 outlined in red shows the process of combining the 

crash data with the roadway data. During the process of assigning crashes to segments with VBA 

macros, two files are created. One file is termed the Input file and is used in the statistical model. 

It is a list of each segment with a tally of crash counts and characteristics. A sample of this data 

file was given previously in Figure 4-10. The second file is termed the Parameters file. It is a list 

of each crash with a reference to the specific segment on which it occurred. This file contains 

crash factors and the manner of collision for each individual crash, and it is used to fill out the 

two-page technical reports. A sample of the Parameters file was given previously in Figure 4-11. 

9.2.2 Statistical Model 

 Two models were chosen to be used with the CAMS data: a crash prediction ZIP model 

(the CAMS-P model) and a crash severity model (the CAMS-S model). The CAMS-P model 

identifies segments that have significantly higher injury crash counts for a user-specified injury 

range than predicted, and the CAMS-S model identifies segments that have significantly higher 

proportions of injury crashes than expected based on all crashes on the segment.  



 

85 

 

 

 

F
ig

u
re

 9
-1

: 
C

A
M

S
 p

ro
c
es

s 
fl

o
w

ch
a
rt

. 



 

86 

In the development of the CAMS-P ZIP model, two other options for models were 

considered. Diagnostic reports indicated that all three of the models would be appropriate to use 

on the CAMS dataset, so it was decided to continue to use the ZIP model. The variables used in 

this model are speed limit, number of lanes, percent of trucks, and the natural log of VMT. This 

model is also hierarchical, meaning that it allows for the effects of the variables to vary across 

another parameter (in this case, urban code). The results of this model were provided previously 

in Table 7-1 and indicate that the segments on which to focus safety improvement efforts are 

spread throughout the state.  

Similar to the CAMS-P model, the CAMS-S model uses the following variables: speed 

limit, number of lanes, percent of trucks, and VMT (no natural log transformation used). The 

results of this model were provided previously in Table 7-2 and indicate different patterns than 

found in the CAMS-P model results. The CAMS-S model results are more concentrated in Salt 

Lake County and only five of the top 20 segments are located in UDOT Region 3 or 4.  

9.2.3 Two-Page Technical Reports 

The final portion of the CAMS is the creation of two-page technical reports called 

SSARs. These reports are created for the ten highest-priority segments in each UDOT Region for 

both the CAMS-P and the CAMS-S model. The purpose of the SSARs is to give UDOT 

engineers a quick summary about the possible safety concerns on the selected segments.  

VBA macros were used to automate the majority of the SSAR creation process. The 

macros are programmed to compile data from the Parameters file and the output of the statistical 

model into tables on the reports. These tables contain information ranging from a summary of the 

segment characteristics to lists of the most common crash types. Each table was discussed 

previously in Sections 6.3.1.1 and 6.3.1.2. The SSARs also contain sections for the research 

analyst to describe the current and historical conditions of the segment observed through virtual 

site visits. They also include a figure depicting the street-view of each segment and a map 

showing the location and surroundings of the segment. Finally, the SSARs contain two lists of 

possible countermeasures for the safety problems observed on the segment; one lists engineering 

countermeasures, and the other lists policy and enforcement countermeasures.  
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9.3  Future Research Topics 

New opportunities for further research into topics on traffic safety in Utah have surfaced 

during the development of the research presented in this report. This section lists and briefly 

discusses these possibilities for future research, including alternate statistical analyses, applying 

Bayesian statistics in a spatial environment, implementing the R Shiny app, developing safety 

performance functions, weighting crashes by severity according to economic impact, identifying 

typical crash factor and manner of collision counts, and a summary of other possible topics. 

9.3.1 Alternative Statistical Analyses 

The statistical analyses used in this research are not the only methods available to analyze 

the data. There are changes that could be made, even while continuing to use a ZIP model. For 

example, the analysis could be run five times; for each time, four out of five years of crash data 

could be used to build the model and the excluded year could be compared against the predicted 

distributions. The average of the percentiles from each of the five years could be used to create 

the final rankings. Another example would be to increase the number of years in the analysis; 

eight years could be used, with four years to build the model and the average of the other four 

years to compare against the predicted distributions.  

The advantage to these alternatives is their ability to account for regression to the mean. 

Using more than one year of crash data to compare against the predictions avoids flagging an 

intersection that had one bad year when the rest of its crash history is typically better than 

average. 

9.3.2 Bayesian Statistics in a Spatial Environment 

Spatial crash patterns may exist and provide unique insights. BYU Statistics performed 

research for the FHWA on freeway design and safety that included a portion connected to spatial 

process modeling (Christensen 2017). Performing spatial modeling on the CAMS data was 

preliminarily explored in 2019. A description of the findings can be found in the BYU Statistics 

research paper titled “Hot Spot Identification Analysis for Utah Roadways Using Spatial Poisson 

Linear Mixed Model” (Davis 2019). 
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9.3.3 Implementation of R Shiny App 

R Shiny is a web-based app for running statistical programs. Having the statistical models 

for the RSAM, ISAM, and CAMS online rather than on individual computers would allow for 

BYU and UDOT to run the models without having to download any software or without using a 

specific computer. The feasibility of this was tested in 2019, and there is currently a beta version 

available at BYU for researchers to use. In addition to running the models, the R Shiny app can 

be made to produce charts, figures, tables, and maps.  

9.3.4 Development of Safety Performance Functions 

The HSM suggests that Safety Performance Functions (SPFs) be made for hot spot 

analyses. This idea is valuable because SPFs can be shared with other states or agencies in 

collaboration for better highway safety across the nation. Current research in Utah analyzes 

locations using predicted crash distributions instead of SPFs. It would be interesting to convert 

the methodologies in the RSAM, ISAM, and CAMS into SPFs. One big challenge of this would 

be to account for variability in the data.   

9.3.5 Weighting Crashes by Severity According to Economic Impact 

In the state of Utah, fatality crashes are assumed to have a significantly greater monetary 

impact on society than all other crash severities (Saito et al. 2018). Currently, the only 

differentiation between crash severities in the prediction models of the RSAM, ISAM, and 

CAMS is that injury crashes are used to make up the dataset and non-injury crashes are left out. 

It would be interesting to create a hot-spot identification model that weighted crashes differently 

based on their severity. 

9.3.6 Typical Crash Factor and Manner of Collision Counts  

As discussed in Section 6.3.1.2, the two-page technical reports provide tables 

summarizing the top eight crash factors and top nine manners of collision at each identified 

segment. It would be interesting to compare these values to average values of crash factors or 

manners of collision across the state. It would also be interesting to perform hot spot analyses on 

specific crash factors or manners of collision.  
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9.3.7 Other Related Topics 

There are many other topics related to this research that could be explored. The CAMS 

could be modified to evaluate the two directions of divided highways separately (currently, the 

CAMS only divides the interstates and Mountain View Corridor, yet there are additional divided 

highways throughout the state). Another idea could be to create an analysis that focused on rural 

routes; this analysis could include additional variables such as roadway curvature to help analyze 

the segments. A third idea could be to analyze the potential impact of roadway changes on the 

crash severity and manner of collision distributions; this type of analysis could take into 

consideration variables such as congestion and traffic control devices. 

9.4 Concluding Remarks 

The CAMS provides a new way for the state of Utah to identify and prioritize segment 

safety improvement projects. By removing intersection-related crashes at significant 

intersections (state route intersections with another state route, a federal aid route, or a signal), it 

is possible to determine locations that are seeing more and higher-severity crashes than similar 

sites around the state. Identifying and ranking these segments makes it easier for UDOT to focus 

their efforts and budget on projects that are of highest concern across the state and that show a 

potential for significant improvement.  
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