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• The primary objectives of the effort include:
• Create a methodology that identifies crash hot spots on Utah highways
• Separate intersection crashes from non-intersection (segment) crashes in the analyses
• Identify and rank the hotspots 
• Analyze the top-ranking hotspots

Introduction

Figures taken from Zero Fatalities (zerofatalities.com) 
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• The Roadway Safety Analysis Methodology 
(RSAM) is used to evaluate segments of Utah 
state routes:

• Forms the foundation of the Crash Analysis 
Methodology for Segments (CAMS)

• Two statistical models applied:
• Utah Crash Prediction Model (UCPM) 
• Utah Crash Severity Model (UCSM)

• Homogenous segmentation based on:
• AADT
• Functional Class
• Number of Lanes
• Speed Limit
• Urban Code

Methodology: Crash Analysis 
Methodology for Segments (CAMS)
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Methodology: Intersection Safety 
Analysis Methodology (ISAM)
• The ISAM identifies intersection crash hot 

spots:
• Intersections with two or more state routes
• Intersection crashes defined based on 

functional area and intersection-related criteria

• Two statistical models applied:
• Utah Intersection Crash Prediction Model 

(UICPM) 
• Utah Intersection Crash Severity Model (UICSM)
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Methodology: Distinction between 
CAMS/ISAM
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Methodology: CAMS Data Integration

Combining the Roadway Data
• Homogeneous segmentation with 5 

variables:
• AADT
• Functional Class
• Number of Through Lanes
• Speed Limit
• Urban Code

Combining the Crash Data
• Includes removing intersection-related 

crashes at selected intersection types:
• Functional Area Distance
• Physical Area Distance = 60’
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Methodology: CAMS Data Integration

Combining Roadway and Crash Data Together
• Assigns crashes to segments
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CAMS Prediction Model
• What segments have more crashes than 

expected?

CAMS Severity Model
• What segments have a higher proportion of 

injury crashes than expected?

Both models create distributions of predicted 
crashes for each segment

Methodology: CAMS Statistical 
Analysis

Prediction Model 
Variables

Speed Limit

Number of Lanes

Truck Percentage

ln( VMT )

Urban code

Severity Model 
Variables

Speed Limit

Number of Lanes

Truck Percentage

VMT

Urban code
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Predicted Distributions
• Current model uses 4 years to build the model 

and 1 year to compare against the distribution
• Percentiles are used to rank the segments

Methodology: CAMS Statistical 
Analysis
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Results: CAMS Prediction Model
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State Rank Segment Length 
(miles/km) 

2018 Injury 
Crashes 

Predicted 2018 
Injury Crashes Percentile 

1 1.5/2.4 4 0.07 1.0000 
2 0.4/0.6 7 0.91 0.9998 
3 13.2/21.2 5 0.42 0.9996 
4 0.5/0.8 7 0.87 0.9994 
5 10.5/16.9 8 1.44 0.9992 
6 1.4/2.3 5 0.58 0.9990 
7 5.7/9.2 6 0.99 0.9986 
8 1.3/2.1 4 0.38 0.9985 
9 1.1/1.8 13 3.87 0.9984 
10 3.2/5.1 8 1.79 0.9983 
11 0.1/0.2 5 0.69 0.9976 
12 5.6/9.0 11 3.64 0.9972 
13 0.4/0.6 6 0.94 0.9972 
14 1.2/1.9 9 2.37 0.9971 
15 1.5/2.4 10 3.03 0.9971 
16 0.6/1.0 5 0.79 0.9959 
17 0.5/0.8 7 1.70 0.9953 
18 0.1/0.2 2 0.09 0.9946 
19 15.3/24.6 7 1.81 0.9943 
20 1.8/2.9 2 0.10 0.9943 
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Manner of Collision 
Total 
Segment 
Crashes  

Percent of 
Total 
Segment 
Crashes 

Crashes in 
the Top 20 
Segments  

Percent of 
Crashes in 
the Top 20 
Segments 

Difference 
in Percent 

Single Vehicle 49,049 37.6% 680 37.4% -0.2% 
Front to Rear 46,301 35.5% 673 37.0% 1.5% 
Sideswipe Same Direction 15,346 11.8% 191 10.5% -1.3% 
Angle 14,547 11.1% 211 11.6% 0.5% 
Parked Vehicle 2,161 1.7% 15 0.8% -0.8% 
Head On 1,587 1.2% 25 1.4% 0.2% 
Sideswipe Opposite Direction 1,291 1.0% 23 1.3% 0.3% 
Rear to Side 148 0.1% 0 0.0% -0.1% 
Rear to Rear 64 0.0% 0 0.0% 0.0% 
Total 130,494  1,818   
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Methodology: ISAM Data Integration

Preliminary Data Preparation:
• Import, format, and combine raw 

roadway and crash data
• Process transferred from Roadway and 

Crash Data Preparation tool to RGUI tool
• Creates the following datasets:

• Combined intersection roadway data
• Combined crash data
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Methodology: ISAM Data Integration

Model Input File Creation
• User selects:

• Roadway and crash files
• Crash severities
• Intersection functional area

• Functional area can be defined by:
• Speed limit (default) based on Access 

Management Manual, 2nd Ed.
• Fixed length (e.g., 250 ft based on the 

Highway Safety Manual)
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Methodology: ISAM Statistical Analysis

Model Execution & Variable 
Selection
• Select the UICPM input and R 

model files
• Select the number of iterations
• Select the variables to use in the 

model
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Utah Intersection Crash Prediction 
Model (UICPM)
• A Bayesian generalized linear model
• Produces a distribution of the number of 

annual crashes that are expected at each 
intersection

• Distributions are based on intersection 
type (categorical variable) and 
intersection characteristics (explanatory 
variables)
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Methodology: ISAM Statistical Analysis

Categorical 
Variable

Interaction 
Term of:

UDOT Region

Functional Class

Explanatory 
Variables

Entering Vehicles

Number of 
Intersection Legs

Minimum Number 
of Lanes

Maximum Roadway 
Width

Maximum Speed 
Limit
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Methodology: ISAM Statistical Analysis

Two models:

• Utah Intersection Crash Prediction 
Model (UICPM):

• Similar to CAMS Prediction model

• Utah Intersection Crash Severity 
Model (UICSM):

• Similar to CAMS Severity model
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Results: ISAM Prediction Model
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State Rank Intersection Type Traffic Control 
Device 

2018 Injury 
Crashes 

Predicted 2018 
Injury Crashes Percentile 

1 State Route & Federal Aid Stop Sign 4 0.22 0.9997 
2 State Route & Local Road Signal  8 1.34 0.9993 
3 State Route & State Route Signal 8 1.72 0.9986 
4 State Route & Federal Aid Signal 5 0.55 0.9985 
5 State Route & Federal Aid Stop Sign 9 2.08 0.9984 
6 State Route & State Route Stop Sign 2 0.07 0.9971 
7 State Route & Federal Aid Signal 5 0.74 0.9967 
8 State Route & Federal Aid Stop Sign 3 0.20 0.9965 
9 State Route & State Route Signal 9 2.58 0.9953 
10 State Route & Federal Aid Signal 6 1.26 0.9944 
11 State Route & Federal Aid Stop Sign 2 0.09 0.9938 
12 State Route & Federal Aid Signal 5 0.87 0.9935 
13 State Route & Local Road Signal 3 0.27 0.9924 
14 State Route & Local Road Signal 4 0.73 0.9869 
15 State Route & Federal Aid Signal 13 5.88 0.9861 
16 State Route & Federal Aid Signal 5 1.21 0.9851 
17 State Route & Federal Aid Signal 5 1.22 0.9845 
18 State Route & Federal Aid Stop Sign 2 0.16 0.9815 
19 State Route & Federal Aid Signal 13 6.27 0.9788 
20 State Route & State Route Signal 3 0.49 0.9785 
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Results: ISAM Report

Intersection Safety Analysis Reports 
(ISAR)
• Tables 1 and 2 describe the roadway and 

intersection characteristics
• Tables 3 and 4 describe the crash history
• Table 5 identifies manner of collision
• User identifies:

• The safety problem
• Historical & current conditions
• Site visit notes
• Potential countermeasures 

(Engineering and Policy/Enforcement)
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Conclusions

• The CAMS provides UDOT with useful tools that identify segments of 
particular concern

• The ISAM is used to analyze the majority of State Route intersections
• The CAMS and ISAM provide a complementary analysis of the State 

Route crash data
• UDOT uses these findings to prioritize the use of safety funds
• The two tools used together allow for an in-depth analysis of crashes 

and help to identify crash hot spots and safety concerns
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Thank You!

Grant G. Schultz, Ph.D., P.E., PTOE
gschultz@byu.edu
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