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ABSTRACT 

 

The wrong way driving (WWD) crash differs significantly from all other crashes in terms 

of severity. Despite much valuable research on WWD crash severity, there is no robust study on 

developing a WWD crash severity distribution table that could be used for crash predictive 

methods by the Highway Safety Manual (HSM). HSM has severity distribution tables for all 

crashes that are used in quantitative safety analyses. Using the same tables for quantitative WWD 

crash analysis may produce inaccurate results since WWD crash severity is significantly different. 

Current severity distribution tables in the HSM have been prepared using Highway Safety 

Information System (HSIS) crash database. Unfortunately, a structured guideline that could extract 

true WWD crashes from the HSIS database is still absent. Therefore, the current study attempts to 

extract true WWD crash from HSIS crash database. And using the extracted WWD crash database, 

the study proposes different WWD crash severity distribution tables for freeway facilities. Finally, 

the study shows practical applications of extracted WWD crash database and proposed WWD 

crash severity distribution tables. These applications are expected to help future researchers of 

WWD crashes, safety analysts and transportation policymakers. 
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CHAPTER 1  

INTRODUCTION  

Reducing fatal and severe crashes is the focal requirement for achieving the Vision Zero 

plan. This strategic move aims to bring road death to zero while increasing equitable and healthy 

mobility (1). Transportation agencies are working relentlessly to reduce the crash severity through 

numerous studies on various crash categories (2). One of the significant crash categories that has 

drawn researchers' attention is the wrong-way driving (WWD) crashes due to their higher fatality 

rate than other crash types (3,4,5,6,7). 

1.1 OVERVIEW OF WRONG-WAY DRIVING CRASH 

WWD crashes happen when a driver, inadvertently or deliberately, drives against the main 

direction of traffic flow on a controlled-access highway (3). In general, WWD crash is a head-on 

or opposite-direction sideswipe collision at high speeds resulting in fatalities and/or severe injuries. 

According to the Fatality Analysis Reporting System crash database, from 2004 to 2011, an 

average of 269 WWD fatal crashes resulted in 359 fatalities annually in the United States (7). Even 

though total fatalities declined, WWD fatalities remained constant over the past years, as shown 

in Figure 1. 

Past studies have identified many reasons that contribute to the WWD crash phenomenon. 

One of the prime reasons for WWD crash occurrence is driving under the influence or intoxication. 

In fact, 60% or above WWD crash occurs due to driving under the influence of alcohol or drugs 

(7). WWD crash in urban area is higher than in rural areas. Time of the day is also an essential 
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contributing factor in WWD crash analysis. WWD crash more frequently occurs between 12 AM 

to 6 AM (7,8).  

 
Figure 1: U.S. overall fatalities and WWD fatalities (Baratian-Ghorghi et al., 2014a) 

 

Male drivers are overrepresented in WWD crashes compared with their female 

counterparts. Most WWD crashes happened over weekends at nighttime with poor light conditions 

(7,8). Zhou et al. (2012) report that wrong-way crashes are more frequent during non-daylight 

hours (9). Young and older drivers are also found to be more susceptible to WWD crashes. One 

study in France by Kemel (2015) shows that if drivers are over 65 or under 25, then the probability 

of being involved in a WWD crash is 15 times higher than other driver groups (10).  
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1.2 BACKGROUND OF CURRENT RESEARCH 

 This study is based on the NCHRP 03-135 Project,“Wrong-Way Driving Solutions, 

Policy, and Guidance. The project aims to develop a handbook for practitioners implementing 

traditional and advanced safety countermeasures to reduce wrong-way driving (WWD) incidents 

and crashes on roadways. The project has in total of nine tasks (Figure 2). 

 

Figure 2 Background of developing WWD crash severity distribution table 

 

The current study focuses on tasks 3 and Task 4. WWD crash is infrequent in number. 

Therefore, task 3 attempts to collect WWD crashes from the different crash databases. Based on 

the collected data, task 4 aims to evaluate WWD crash-preventing countermeasures through 

Task 1 Literature Review

Task 2 Conduct National Survey to Identify Current Best Practices

Task 3 Collect WWD Crash Data 

Task 4: Countermeasure Assessment 

Task 5 Evaluate Geometric Design Elements

Task 6 & 7 Identify TCDs, Advanced TCDs and ITS Technologies 
and Develop a Guideline 

Task 8 Prepare Investigation Checklist

Task 9 Prepare Draft Handbook 

WWD 

Crash 

Severity 

Distribution 
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economic appraisal, safety effectiveness evaluation and CMF development. One of the prime 

requirements of countermeasure assessment is the severity distribution table presented in the 

Highway Safety Manual.  

1.3 SEVERITY DISTRIBUTION TABLE IN HSM & IT’S USE 

 Traffic crash severity level is defined as the distribution of injury sustained by an 

individual. In the Highway Safety Manual (HSM), injury severity is defined in KABCO injury 

scale where the meaning of KABCO is as follows: 

K – Fatal 

A – Incapacitating Injury 

B – Non-Incapacitating Injury 

C – Possible Injury 

O – Property Damage Only 

The Highway Safety Manual has severity distribution table for various facility types. First 

edition of HSM has severity distribution table for Rural Two-Lane, Rural Multi-Lane & 

Urban/Suburban roadway facilities. Additionally, Highway Safety Manual Supplemental (NCHRP 

Project 17-45) provides severity distribution table for Freeways and Interchanges. These tables are 

subdivided into different variables: collision types, land use types, number of vehicles involved in 

the crash. An example of a severity distribution table is shown in figure 3.  
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Figure 3 Example of severity distribution table (Source: HSM Supplemental) 

  

 The HSM is divided into four parts. In part A, the user is provided with an introduction to 

the HSM, knowledge about human factors and the fundamentals of highway safety. Part B covers 

the roadway safety management process. In Part C, predictive methods are introduced for different 

facility types. And, last but not least, Part D provides Crash Modification Factors (CMFs) for use 

with Part B.   

 Part B has two chapters: Economic Appraisal & Prioritization and Safety Effectiveness 

Evaluation. These chapters describe the quantitative method for selecting and evaluating a 

countermeasure for a project. Two major requirements for these evaluation methods are crash unit 

cost for crash severity level and crash severity distribution table. 
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Part C of HSM deals with the predictive method. Safety performance functions (SPFs) are 

used to quantify expected crashes for a particular facility type. SPFs are developed for base 

conditions: for a specific crash type and severity level. Therefore, conditions other than the base 

condition require adjustment of the base SPFs using severity distribution tables. Figure 4 describes 

the use of the severity distribution table in the Highway Safety Manual. 

 

Figure 4 Use of severity distribution table in HSM 

 

1.4 SEVERITY DISTRIBUTION TABLE FOR WRONG-WAY DRIVING CRASH 

In the Highway Safety Manual, several crash severity distribution tables are available for 

all crashes. Those tables are developed using Highway Safety Information System crash database. 

According to past research, WWD crash severity differs significantly from all other crashes. 

Therefore, if the same severity distribution table is used for WWD crash analysis, it would produce 
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an inaccurate result. Despite ample research, there is still a gap in developing a base WWD crash 

severity distribution table that could be used to quantify safety benefits. Therefore, the current 

study attempts to generate severity distribution tables for quantitative WWD crash analysis. For 

similarity, the current study also attempts to use the HSIS crash database. However, HSIS does 

not have a separate WWD crash database. So, this study finds appropriate filtering criteria to 

extract WWD crashes from HSIS crash database. 

HSIS crash data and handbook were collected for California, Illinois, Minnesota, Maine, 

North Carolina, and Washington. A manual process was followed to find the variables that would 

best extract WWD crashes from the HSIS crash database. At first, a thorough review of the 

handbook was conducted to select initial filtering criteria. Finally, after comparing the WWD fatal 

crashes from HSIS with the WWD fatal crashes from the Fatal Analysis Reporting System 

(FARS), true WWD crash filtering criteria were generated for the HSIS crash database.  

Based on the extracted WWD crash data from HSIS, crash severity distribution tables are 

proposed for freeways. Established WWD crash distribution tables include (i) a general table for 

freeways, (ii) a multiple vehicle freeway segment table, and (iii) urban multiple vehicle freeway 

ramps and a C-D road table. While developing these tables, land use, manner of collision, and the 

number of vehicles involved are also considered. Finally, the application of the extracted WWD 

crash database and the severity distribution tables are explained. The findings of this thesis are 

expected to help future researchers, transportation planners and policy makers in quantitative 

analysis of the WWD crash. 
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1.5 RESEARCH OBJECTIVE 

The crash severity distribution table for all crashes presented in HSM would produce an 

inaccurate result when used for analyzing severe WWD crashes as the severity of this crash type 

is significantly higher than all other crash types. Again, the Highway Safety Information System 

crash database lacks a robust guideline for extracting true WWD crashes. Therefore, the objectives 

of this study are to: 

• Identify filtering criteria to extract true WWD crash from HSIS. 

• Develop WWD crash severity distribution tables using the extracted WWD 

crashes. 

• Show application of the severity distribution table in WWD crash analysis. 

1.6 THESIS STRUCTURE  

The rest of the report is structured in several chapters. Chapter two elaborately describes 

the literature review and the research gap. In chapter three, filtering criteria for extracting true 

WWD crash from the highway Safety information system (HSIS) crash database is developed. 

WWD crash severity distribution is presented in chapter four. Chapter five shows the application 

of the proposed WWD crash database and severity distribution tables. Chapter six summarizes the 

objectives and study results and provides recommendations for future studies. 
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CHAPTER 2  

LITERATURE REVIEW 

This chapter starts with a brief overview of current and past research on WWD crash 

analysis and preventive measures. Then the chapter outlines the research on WWD crash severity 

and severity distribution table. Finally, the chapter states the research gap. 

2.1 OVERVIEW OF PREVIOUS RESEARCH ON WWD CRASH 

Researchers have been working relentlessly to combat the WWD phenomenon since the 

1950s, when the first segments of the interstate highway system were built (5). Major research 

areas related to WWD crashes are mainly three-fold: finding (i) crash-prone locations, (ii) crash 

contributing factors, and (iii) effective countermeasures.  

Many studies have been conducted based on controlled-access highways (e.g., interstate 

highways, freeways, and expressways) because the exit ramp of these locations has been found as 

the main entry point of the WWD (5,6). Studies on non-access control highways are also available 

since a certain percentage of WWD movements occur when a driver takes a U-turn on the mainline 

(5). Additionally, previous research has shown that the percentage of WWD crashes in an urban 

area is higher than in rural areas (7-9), while 76 % of highway miles are rural, according to FHWA 

(7).  

Numerous methods are applied to find crash contributing factors: descriptive statistics, 

logistic regression, multiple correspondence analysis (MCA), machine learning, and data mining 

approaches. Finally, a significant amount of effort is given to develop traditional countermeasures 

and introduce new technologies. Lowered and enhanced signs, reflective pavement marking, 
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additional signs, LED attached on 'Wrong Way' sign borders, rectangular flashing beacon (RFB) 

equipped signs, rectangular rapid flash beacon (RRFB), two RFB WW signs are the most recently 

proposed WWD countermeasures to mitigate the phenomenon (4, 10-14).  

Reviewed studies provide valuable insight into WWD crash-prone locations, crash 

contributing factors, preventive countermeasures, and analysis methods. These resourceful studies 

have helped combat WWD crashes successfully in the past in terms of finding appropriate WWD 

crash preventive geometric design criteria and countermeasures. However, only a small number of 

research focus on WWD crash severity. 

2.2 PREVIOUS WORK ON WWD CRASH SEVERITY 

Although very few recent studies address the WWD severity issue separately in their 

studies. Pour-Rouholamin did a study on driving injury severity of WWD crash on a limited-access 

highway. In that study impact of various confounding factors on drivers' injury severity was 

investigated. The study used various crash severity levels as the response variable. He developed 

three different statistical models: ordered logit or proportional odds (P.O.), generalized ordered 

logit (GOL), and partial proportional odds (PPO) model; to do the analysis. The major contributing 

factors were time of the day, type of crash, driver's age, driver's condition (i.e., DUI or Non-DUI), 

airbag deployment, seatbelt use, type of setting, and surface condition the severity of a WWD 

crash. Additionally, model validation results corroborate that the PPO model outperforms the other 

two models regarding crash severity modeling. Finally, according to the findings, they have 

proposed various countermeasures at the 3E's level. The study also pointed small sample size and 

human error as a limitation (6).  
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Ponnaluri in 2016 evaluated the WWD crash and fatality in terms of crash contributing 

factors using the binomial regression model. Dependent variables used in the study were driver's 

age, gender, licensing state, physical defect, BAC, vehicle use, seatbelt compliance, day and time 

of the crash, roadway lighting, facility type, weather conditions, road geometrics, and traffic 

volumes. The study result was presented with respect to the odds ratio. According to the odds ratio 

result, driver's age, gender, BAC, driving license state - a proxy to the residence, physical defect, 

seatbelt use, the purpose for which vehicle was used, facility type, roadway lighting, area of the 

crash, day and time of the crash, traffic volume and other geometric characteristics have a 

significant influence on WWD crashes and fatalities (15). 

In 2018, Jalayer conducted a similar study on WWD crash severity, however using a 

random-parameters ordered probit analysis to capture the unobserved heterogeneity related to 

vehicle, crash, roadway, drivers and environment characteristics. Again, the prime focus of this 

research was to evaluate the impact of WWD crash contributing factors on various WWD crash 

severity (16). 

Studies mentioned above were conducted on controlled-access highways. Since a certain 

percentage of WWD crashes occur on the arterial corridor and result in severe injuries, in 2021, 

Kedaha conducted a WWD crash severity analysis on arterials in Florida. The Bayesian partial 

proportional odds method was used to find the relationship between WWD crash severity and 

various crash contributing factors (e.g., driver, temporal, and roadway characteristics) (17).  

WWD study on crash severity provides valuable insight on how different crash severity 

levels vary according to different crash contributing factors. Also, these studies suggest various 

effective countermeasure that is beneficial in reducing WWD crash severity. However, most 
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WWD crash studies did not specifically focus on the distribution of WWD crash severity in terms 

of KABCO (K = fatal injury, A = incapacitating injury, B = non-incapacitating injury, C = possible 

injury, and O = property-damage-only) scale. In other words, to the author's knowledge, there is 

no robust study on developing a WWD crash severity distribution table that could be used for crash 

predictive methods by the Highway Safety Manual (HSM). 

2.3 SEVERITY DISTRIBUTION TABLE IN HSM 

Since there has been no study on developing the WWD crash severity distribution table in 

the past, the current study delved into the Highway Safety Manual. HSM provides severity 

distribution tables for all crashes in quantitative safety analyses for rural two-lane highway, rural 

multi-lane highway and urban & sub-urban facility types. A new chapter (Currently NCHRP report 

17-45) in the second edition of HSM will have severity distribution tables established for freeways 

and interchanges (18). These severity distribution tables are extensively used in road safety 

management processes (e.g., network screening, diagnosis & countermeasure evaluation etc.), 

developing predictive models, and CMF development (19). While manual has crash severity 

distribution tables for all crashes, it does not include any separate severity distribution tables for 

WWD crashes.  

A 1973 study determined that WWD crash fatality and injury are much higher than the 

other types of crashes (20). A recent study also ascertained that the fatality rate of the WWD 

crashes (1.34) is higher than all other fatal crashes (1.10). This rate translates to 24 more fatalities 

per 100 fatal crashes for WWD crashes than for fatal crashes in general (3). Passengers and drivers 

both from the wrong way and right way are affected by this notorious crash. According to research 

in New Mexico, 46 wrong-way and 33 right-way drivers were killed due to the WWD crashes 

between 1990 and 2004 (21). Few other studies also show that WWD crash severity/fatality is 
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substantially higher than all other crash types (7,10,15,16). According to the FHWA, 300-400 

people die in the U.S. every year due to fatal WWD crashes (22).  

These statistics and associated safety issues certainly corroborate the need for a separate 

study on WWD crash severity. Using severity distribution tables for all crashes from HSM for 

quantitative WWD crash analysis may produce an inaccurate result. Therefore, developing a robust 

and consistent WWD crash severity distribution table is a prime need for quantitative safety 

analysis of WWD crash projects. Again, a comprehensive and resourceful crash database is 

required for such table developments. HSM uses the Highway Safety Information System (HSIS) 

crash database for developing severity distribution tables for all crashes. Therefore, this study 

intended to use HSIS crash database for developing severity distribution tables for WWD crashes. 

Highway Safety Information System (HSIS) has been used rigorously by researchers for 

safety analysis for its comprehensive crash information. HSIS has accommodated crash data for 

several states for many years. However, only a few studies used the HSIS crash dataset to study 

WWD crashes because of the absence of a robust guideline that could extract true WWD crashes. 

True wrong way driving crash is difficult to extract because of the presence of cross median crash. 

From an investigative standpoint, it is often challenging to distinguish between true WWD 

and cross-median crashes. Therefore, in many pieces of research, WWD crashes are often analyzed 

in conjunction with median crossover crashes (23). However, according to the National 

Transportation Safety Board (NTSB) definition, the cross median crash is substantially different 

from the WWD crash in terms of preventive countermeasures, locations, and contributing factors 

(23). Therefore, the current study attempts to develop filtering criteria to extract true WWD 

crashes, excluding cross median crashes using the HSIS crash database.  
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2.4 RESEARCH GAP 

Crash severity distribution table is one of the prime needs for quantitative safety analysis. 

Highway Safety Manual provides severity distribution tables for all crashes. All these tables have 

been generated using Highway Safety Information System (HSIS) crash database. Due to its 

substantial fatal nature, WWD crashes require a separate crash severity distribution table for an 

accurate result. Therefore, two research gaps are identified through the literature review: 

• A consistent and statistically significant WWD crash severity distribution table is 

unavailable. 

• Proper filtering criteria are absent that would extract true WWD crashes from 

Highway Safety Information System crash database.  
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CHAPTER 3  

EXTRACTION OF WWD CRASHES FROM HSIS CRASH DATABASE 

At first, the chapter outlines the introduction to the Highway Safety Information System 

(HSIS) crash database and data collection method. Then the chapter describes the structured 

manual methodology for extracting filtering criteria. Finally, WWD crash filtering criteria are 

developed sequentially for California, Maine, Washington and Illinois.   

3.1 DATA COLLECTION 

HSIS is a collaborative venture sponsored by the FHWA. Various participating states 

voluntarily provide crash data, including IL, MN, UT, ME, MI, CA, NC, WA, and OH. According 

to the HSIS website, data is available for research intended for general public interest and 

publication.  

To collect the crash data, at first, HSIS representative was contacted. Once the 

representative was convinced with the research objective, they sent a link containing the crash 

data. Based on the response data for IL, MN, ME, CA, NC, and WA were available for analysis.  

For validation and accuracy checking of proposed filtering criteria and developing WWD 

crash severity table, this study incorporates two reference WWD crash databases: FARS all crash 

data and Illinois Department of Transportation (ILDOT) interstate WWD crash database. WWD 

crash data from FARS was separated from all other crashes by following the methodology 

proposed in the previous study (7).  
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• Filtering Urban Principal Arterial Interstate, Urban Other Principal Arterial, Urban 

Principal Arterial Other Freeways or Expressways, Rural Principal Arterial Other, and 

Rural Principal Arterial Interstate from columns of roadway functional class fields  

• Sorting out Two-Way Divided Unprotected Median, Two-Way Divided Positive Median, 

One-Way Trafficway, and Entrance/Exit Ramp attributes from the traffic flow field.  

• Including Sequence of Events, Driver-Related Factors, and Violations Charged. Here, the 

sequence of events excludes Centerline crashes.  

• Driver-related factors include codes for Driving Wrong Way on One-way Traffic and 

Driving on the Wrong Side of Road (Intentional or Unintentional).  

• Violations charged include attribute codes for Driving Wrong Way on One-way Road and 

Driving on Left—Wrong Side of Road. 

WWD crash data from FARS was available from 2004 to 2017. Illinois WWD crash data 

were available for the years 2009 to 2013. WWD crashes were already known for the ILDOT crash 

data. The HSIS representative provided the most recent available data of a particular state. 

3.2 INITIAL SELECTION OF WWD CRASH-RELATED ATTRIBUTES 

HSIS representatives provided both handbooks and crash databases for analysis. 

Handbooks are state-specific and describe various attributes in detail. Though handbooks list many 

variables, not all of them are available in the crash database for analysis. HSIS website provides a 

table of variables that are available for research (24). Four data files were received for each state: 

Accident, Vehicle, Occupant, and Roadlog. In the beginning, for extracting true WWD crash, only 

accident and vehicle file was used. Roadlog files were used to determine roadway facility types 
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while developing crash severity distribution tables. WWD crash filtering criteria were developed 

in several steps. At first a literature review was conducted to delineate between true WWD crashes 

and cross median crashes. 

According to NTSB, "A wrong-way driving crash is defined as one in which a vehicle is 

traveling in a direction opposing the legal flow of traffic on a high-speed divided highway or access 

ramp collides with a vehicle traveling on the same roadway in the proper direction." This definition 

excludes cross median/cross centerline crashes (23). NTSB believes the majority of 

countermeasures for median crossovers significantly vary from those that prevent WWD crashes. 

For this reason, NTSB suggests separating these two types of crashes from each other. For the 

same reason, NTSB does not include WWD crashes on two-lane roads in their analysis (23).  

The handbooks of IL., MN, ME, CA, NC, and WA from HSIS were thoroughly reviewed. 

This rigorous study helped to filter out all the suspected WWD crash-related variables. In this 

process, variables related to crossmedian/crosscenterline crashes were also identified. For 

Minnesota and North Carolina, appropriate variables that would represent the WWD crash were 

absent. Therefore, these two states were excluded from the study at the initial stage.  

A detailed description of wrong-way and cross median related variables are presented in 

Table 1. Notably, few states have more than one variable to represent wrong-way related crashes. 

Also, different types of variables are presented for cross median crashes. A specific field is selected 

through a methodological approach to extract true WWD crashes from all crashes in the next step.  
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Table 1 Summary of initially selected WWD crash-related variables 

State Category/Variable Variable description SAS Variable SAS variable description 
Variable 

number 

Illinois Driver and WWD 

related 

Driver's action of this vehicle DRV_ACTN Wrong-Way or side 6 

Contribution factor of the crash CAUSE1/2 Driving on Wrong Side/Wrong Way 5 

Vehicle Maneuver code of this 

vehicle 

VEH_MNAU Driving Wrong Way 12 

Crossmedian/ 

Centerline 

- - - - 

California Driver and WWD 

related 

Collision factor category of the 

crash 

CAUSHPCT Wrong Side of Road' 5 

Movement of this vehicle 

preceding the crash 

MISCACT1 Traveling Wrong Way Q 

Category of violation for the 

vehicle 

VIOL Wrong Side of Road 27 

Crossmedian/ 

Centerline 

Movement of this vehicle 

preceding the crash 

MISCACT1 Traveling Wrong Way N 

Washington Driver and WWD 

related 

Action of the vehicle prior to 

the crash 

DRV_ACTN 

 

Going wrong way on divided 

Highway 

16 

Going wrong way on Ramp 17 

Going wrong way on One-way Street 

or Rd 

18 

Crossmedian/ 

Centerline 

Violation or factor contributing 

to the crash 

CONTRIB1/2 Over Center Line 

 

8 

Movements of the vehicles 

prior to the crash 

V1EVENT1/2 Making U-Turn D 

Maine Driver and WWD 

related 

Driver Actions at the Time of 

Crash 

DRV_ACTN1/2 Wrong-Way 13 

Action prior to when the crash 

occurred 

MISCACT1 Wrong-way into opposing traffic 2 

Cross median Description of each event in the 

crash sequence for this vehicle 

EVENT1/2/3/4 Cross Median 10 

Cross Centerline 11 
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3.3 SELECTION OF ONE SPECIFIC VARIABLE SEPARATING CROSS MEDIAN 

CRASH 

This section aims to identify the most meticulous WWD crash filtering criteria (excluding 

the cross median crashes) for four different states: California (2013-2017), Washington (2014-

2018), Maine (2015-2016) and Illinois (2010) crash databases. The study was conducted using the 

most recently available crash data. For example, recent data for California was from the year 2013 

to 2017. 

3.3.1 Development of WWD Crash Filtering Criteria for California 

The California crash database includes three variables for representing wrong-way driving 

crashes. The study uses a two-step approach when representative WWD crash variables are more 

than two. In step 1, a cross-tabulation method is used for initial screening (Table 2). Then, in step 

2, the final selection is made with a manual matching process (Table 3). In both steps, FARS WWD 

fatal crash database is used as a reference. Steps for extracting WWD crash when more than two 

variables are available are described below: 

Step 1: At first, suspected fatal WWD crashes from HSIS are extracted (Table 2, Col 2) 

using the initially selected variables (Col 1). Only fatal crashes are considered since the reference 

dataset is from FARS. Comparison between Col 2 and Col 6 shows, number of fatal crashes 

captured by "Traveling Wrong Way (MISCACT1)" and "Wrong Side of Road (VIOL)" variable 

is the closest to FARS WWD crash. Whereas "Wrong Side of Road (CAUSHPCT)" variable 

provides WWD crash number 74% more than FARS data. So, it was suspected that "Wrong Side 

of Road (CAUSHPCT)" would not represent a true WWD crash.  
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Then, a cross-comparison among variables is made to check the efficacy of one particular 

variable: if a particular variable can represent WWD crash alone or have to be combined with other 

variables for accurate results (Col 3, Col 4, and Col 5). For example, crashes captured by the 

"Wrong Side of Road (CAUSHPCT)" variable represents only 21.2% and 1.6% of the WWD crash 

captured by "Traveling Wrong Way (MISCACT1)" and "Wrong Side of Road (VIOL)" variables, 

respectively. From cross-comparison, it is noted that the WWD crash capturing capacity of "Wrong 

Side of Road (CAUSHPCT)" is much lower than the other two variables. Therefore, it is concluded 

that "Wrong Side of Road (CAUSHPCT)" cannot extract the WWD crash from the HSIS database. 

So, selection should be made between the other two variables. Data extracted by "Traveling Wrong 

Way (MISCACT1)" is much closer to the FARS data than "Wrong Side of Road (VIOL)". 

However, from a cross-comparison point of view, both the variables can capture the WWD crashes 

that were captured by other variables.  

Table 2 Cross-tabulation for initial screening of WWD crash-related variables (California) 

Col 1 Col 2 Col 3 Col 4 Col 5 Col 6 

Variable 

Description 

HSIS Fatal 

Crashes 

(2013-17) 

Wrong Side of 

Road 

(CAUSHPCT) 

Traveling 

Wrong Way 

(MISCACT1) 

Wrong Side 

of Road 

(VIOL) 

FARS 

Crashes 

(2013-17) 

Wrong Side of 

Road 

(CAUSHPCT) 

245 - 52 (21.2 %) 4 (1.6%) 

141 
Traveling 

Wrong Way 

(MISCACT1)  

144 52 (36%) - 83 (57.6%) 

Wrong Side of 

Road (VIOL) 162 4 (2.5%) 56 (34.6%) - 

 

Step 2: In step 2, the comparison is made between "Traveling Wrong Way (MISCACT1)" 

and "Wrong Side of Road (VIOL)", where FARS WWD fatal crash and HSIS all crash database 



21 

 

is used. Confirmed fatal WWD crashes from FARS are identified manually from the HSIS all crash 

database (Table 3 Col 2) and termed as common crashes. The case number of FARS and HSIS 

databases is different. So, an indirect approach was used to match WWD crashes of FARS with 

HSIS, where variables like crash date and hour, driver age, county number, vehicle year, and 

vehicle type are used. At first, a filter in the excel file is made based on crash date and hour. Then 

the driver's age from FARS data is used to match the exact case and, finally, is checked with county 

number, vehicle year, and type.  

Further analysis is made to find what percentages of common crashes are captured by 

"Traveling Wrong Way (MISCACT1)" and "Wrong Side of Road (VIOL)" individually. It is 

evident from Table 3 (Col 3) that "Traveling Wrong Way (MISCACT1)" is capable of capturing 

95% FARS fatal crash outperforming the "Wrong Side of Road (VIOL)" variable.  

For more accuracy, an attempt is made to see if the "Wrong Side of Road (VIOL)" variable 

alone (without "Traveling Wrong Way (MISCACT1)") is required. However, Col 6 (Table 3) 

clarifies that "Wrong Side of Road (VIOL)" captures less than 1% alone. Therefore, the study 

concludes that "Traveling Wrong Way (MISCACT1)" variable alone can extract WWD crashes 

from the HSIS crash database. True WWD crash can be captured by deducting cross median crash 

from extracted WWD crash. 
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Table 3 Comparison of FARS and HSIS to select the final attribute (California) 

Col 1 Col 2 Col 3 Col 4 Col 5 Col 6 Col 7 

 

Year 

Number 

of 

common 

crashes 

Traveling 

Wrong Way 

(MISCACT1) 

(No/Per) 

Wrong Side 

of Road 

(VIOL) 

Traveling 

Wrong Way 

(MISCACT1) 

+ Wrong Side of 

Road (VIOL) 

Wrong 

Side of 

Road: 

excluding 

Traveling 

Wrong 

Way  

Number of Crossed 

into Opposing Lane 

crash when 

Traveling Wrong 

Way (MISCACT1) is 

used 

2017 27 26 (96%) 18 (67%) 17 (63%) 1 (4%) 0 

2016 19 19 (100%) 13 (68%) 13(68%) 0 0 

2015 25 24 (96%) 15 (56%) 15 (56%) 0 0 

2014 21 20 (95 %) 12 (57%) 12 (57%) 0 0 

2013 18 16 (88%) 11 (61%) 9 (50%) 0 0 

2013-2017 110 105 (95%) 69 (63%) 66(60%) 1 (0.9%) 0 

There was no direct field that could be considered as cross median or cross centerline crash. 

The closest suspected variable was "Crossed into Opposing Lane" (Table 3). Notably, none of the 

captured common crashes has the variable "Crossed into Opposing Lane" when captured by the 

Traveling Wrong Way (MISCACT1) variable, indicating the "Crossed into Opposing Lane" 

attribute can be considered a replacement for cross median/centerline crashes. This variable was 

finally excluded from extracted HSIS WWD crash database for further validation or accuracy 

check. 

3.3.2 Development of WWD Crash Filtering Criteria for Maine 

Maine has two WWD crash-related variables. Therefore, Step 2 approach discussed earlier 

could be used in this case. However, the same procedure could not be used because of the absence 

of a reference crash database. For Maine, 2015 and 2016 crash data from HSIS were available for 

analysis. In that period, there was no WWD crash fatal crash listed in the FARS database. So, the 

comparison could not be made between HSIS all crash and FARS WWD crash data like California. 
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To fill this gap, this study uses literature as a surrogate measure of the reference crash database. 

Maine DOT Highway Crash Statistics data from 2018 is used in this study (25). Table 4 represents 

the data analysis result of extracted WWD crash for Maine. Maine has a direct field for cross 

median/centerline crashes (Table 1) used in the filtering method.  

"Wrong way into opposing traffic (MISCACT1)" variable provides more than four times 

WWD crash than mentioned in the Maine DOT Highway Crash Statistics. The scenario is the same 

whether crossmedian/crosscenterline crash is considered or not. On the other hand, the "Wrong 

Way (DRV_ACTN)" variable shows accurate WWD crashes when compared with Maine DOT 

crash data. Therefore, "Wrong-Way" variable is suggested to extract WWD crashes from the HSIS 

crash database. Surprisingly, the proposed filtering criteria show less accuracy when the cross 

median crash is excluded (Table 4, Col 3). In spite of that, this study proposes excluding cross 

median crashes to get true WWD crashes as it was not clear from Maine DOT Highway Crash 

Statistics whether they have considered cross median crashes or not (25).  

Table 4 Comparison of MDOT crash statistics and HSIS to select the final attribute (Maine) 

Col 1 

 

Col 2 Col 3 Col 4 

Variable Description 

HSIS all 

WWD crashes 

(2015 - 2016) 

HSIS all WWD crashes 

(2015 - 2016) excluding 

the cross median 

2018 MDOT 

Highway Crash 

Statistics (7) 

Wrong-Way 

(DRV_ACTN) 
98 84 

 

103 Wrong-way into opposing 

traffic (MISCACT1) 
629 498 
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3.3.3 Development of WWD Crash Filtering Criteria for Washington 

Handbook of Washington contains only one variable (with three sub-categories) to detect 

WWD crashes requiring no further variable filtering (Table 1). However, there is no specific 

variable for separating cross median crashes. After carefully reviewing the handbook, it was 

decided to combine "over centerline" variables as a surrogate measure of the cross median crash. 

Despite one WWD related variable, an approach similar to step 2 is used for justification due to 

the unsure cross median field.  

Table 5 presents the summary of the analysis. It is evident from the table that a few crashes 

are only captured in FARS, and a few are captured only in the HSIS database. After accounting 

for the proposed cross median crash, the accuracy of the WWD crash-related variable is 91%. This 

percentage is calculated based on the common WWD crashes of the FARS and HSIS crash 

database. Because it is intuitive that if the crash is not present in the HSIS crash database, then 

proposed filtering criteria will fail to capture that.  

Table 5 Comparison of FARS and HSIS to select final attribute (Washington) 

Year FARS HSIS 

Number of 

common 

crashes 

In 

FARS 

only 

In 

HSIS 

only 

FARS' crash captured 

by the proposed method 

(based on common 

crash) 

2017 7 10 7 0 3 6 (85%) 

2016 4 6 4 0 2 4 (100%) 

2015 6 11 6 0 5 5 (83%) 

2014 5 7 5 0 2 5 (100%) 

2014-2017 22 34 22 0 12 20 (91%) 
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3.3.4 Development of WWD Crash Filtering Criteria for Illinois 

Three variables related to the WWD crash were available for Illinois, similar to the California 

crash database. However, for the following reason, it was difficult to use a similar procedure as 

California.  

• For Illinois, the main barrier in extracting WWD crash data from HSIS was the 

unavailability of a variable related to cross median crash. Median/Cross centerline data has 

been discontinued since 2004. 

• There are only three fatal crashes in the FARS database. So, it was challenging to figure 

out the filtering process using FARS data only.  

To solve the problem, available Illinois DOT interstate WWD crash data is used. For 

analysis HSIS data from the years 2009 and 2010 were available. But interstate data was available 

only for the year 2010. So, the whole WWD crash filtration was conducted based on the year 2010. 

ILDOT WWD crash data includes WWD crashes with all severity levels, unlike FARS crash 

database.  

At first, an attempt is made to match WWD crash data using Illinois DOT WWD crash and 

HSIS all crash data. All three driver and WWD related attributes are used and analyzed to find the 

best possible filtering process. County, accident date, accident hour, and driver age were used for 

matching. Based on the variables related to common crashes, three combinations are proposed for 

extracting WWD crash data from the HSIS database for Illinois.  
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Combination One 

• Include: DRV_ACTN:6 + either of CAUSE1:5 and CAUSE2:5 

• Exclude: F_INVLOC:2; which is suspected as a cross median/centerline crash because 

none of the matched crashes has this F_INVLOC attribute. Also, this variable is used when 

crash takes place off-pavement and on the left side from the definition. 

Combination Two 

• Include: VEH_MNAU:12 + either of CAUSE1:5 and CAUSE2:5 

• Exclude: DRV_ACTN:6 + F_INVLOC:2  

Combination Three 

• Include: VEH_MNAU:01 + either of CAUSE1:5 and CAUSE2:5 

• Exclude: DRV_ACTN:6 + F_INVLOC:2  

To check the accuracy of the proposed criteria, a comparison is made among fatal crashes 

of FARS, ILDOT and HSIS WWD crash data. Three fatal crash is listed in FARS. Two of them 

are captured in IDOT. Two are captured by the proposed method. So, both IDOT and the proposed 

HSIS method capture almost 67% of the fatal crash of the FARS database. Again, a comparison 

between IDOT and HSIS WWD crashes is conducted (Table 6). Among 24 WWD crashes of 

IDOT, 5 were not at all in HSIS. So, captured common 17 crashes are from 19 crashes. This 

translates proposed method can capture 90 percent WWD crash data.  
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Table 6 Comparison of IDOT and HSIS interstate WWD crash (Illinois) 

Year Fatal Incapacitating  
Non-

Incapacitating 
Possible PDO   Total 

IDOT  2 4 5 1 12 24 

HSIS 2 5 4 1 13 25 

Common 1 3 4 1 8 17 

 

3.3.5 Summary of Proposed WWD Crash Filtering Criteria 

Table 7 outlines the summary of the proposed WWD crash extracting criteria for the HSIS 

crash database. WWD crash data extracted from the HSIS database using these proposed filtering 

criteria is further justified through literature review. The extraction method proposed for Illinois is 

based on only one year. Also, this database is ten years old, so it might not provide a valid result. 

Therefore, it was not included in the proposed list. 

Table 7 Summary of proposed filtering criteria 

State Year 

Proposed WWD 

crash-related 

variable 

SAS name 

Variable 

number 

in the 

field 

Crash captured 

by the proposed 

method from 

the reference 

source 

California 2013-2017 
Traveling Wrong 

Way  
MISCACT1 Q 105 (95%) 

Maine 

 

2015-2016 

 

Wrong-way DRV_ACTN1/2 13 98 (95%) 

Washington 2014-2017 

Going wrong way on 

divided highway/ 

Going wrong way on 

ramp/ 

Going wrong way on 

One-way Street or Rd  

DRV_ACTN 16,17,18 19 (90%) 
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3.4 IMPORTANT WWD CRASH NOTES 

The development of WWD crash filtering criteria for HSIS involves using the FARS crash 

database as a reference. This filtering criteria establishment process has generated some critical 

notes, which are outlined below: 

• Some WWD crashes are not captured by HSIS but are present in FARS and vice-versa. 

For California, the number of extracted WWD crashes for the study period from FARS 

and HSIS are 141 and 144, respectively. Among these values, 110 WWD crashes are 

common. So, if extracted WWD crashes from HSIS are combined with FARS, it increases 

24% WWD fatal crash data for one state. WWD crashes are infrequent in numbers; 

increased data are expected to help in WWD crash analysis. 

• In Maine, the total number of WWD crashes has dropped drastically from 57 (in 2015) to 

27 (in 2016), which is a more than 50% reduction in crashes. These statistics ask for further 

investigation on whether there has been any WWD policy change in this state for these 

years. This kind of analysis is difficult using WWD fatal crash database for states having 

fewer crashes.  

3.5 JUSTIFICATION OF EXTRACTED HSIS WWD CRASH DATA THROUGH 

LITERATURE REVIEW 

After the final selection of one specific variable for the WWD crash, an attempt is made to 

check the validity of the extracted crashes through a literature review. 

• A 2016 study of Caltrans shows WWD crash severity distribution between 1987 and 2013 

for freeways and expressways (Figure 6) (26). For comparison, extracted five years (2013-
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2017) WWD crash data from HSIS for freeways and expressways are utilized. Comparison 

of WWD crash severity distribution for 2013 shows that proposed filtering criteria can 

successfully capture WWD crashes for California (Figure 5 and Figure 6). 

 

Figure 5 WWD crash severity distribution for California using HSIS WWD crash data 

  

Figure 6 WWD crash severity distribution data by Caltrans (26) 
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• The WWD crash extraction method for Maine was already developed using past literature 

(Maine DOT crash statistics). Apart from that current study could not find any other WWD 

crash severity distribution table for Maine for further justification. Similar is true for 

Washington filtered WWD crash database. There is no total WWD crash statistics from the 

past literature or any crash severity distribution other than fatal crash numbers from FARS 

for comparison.  

3.6 CHECKING IF WWD CRASH SEVERITY DISTRIBUTION TABLE IS 

WARRANTED 

The prime objective of this study is to develop a base WWD crash severity distribution 

table that could be used in the various quantitative methods of the HSM while analyzing WWD 

related crashes. Before establishing any WWD crash severity distribution table, the current study 

intends to investigate whether a different WWD crash severity distribution is warranted, using the 

KABCO scale. Extracted WWD crash data for California, Washington, and Maine are used for 

this analysis.  
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(b) 

 

(c) 

Figure 7 Crash severity analysis using HSIS crash data (California, Washington and Maine) 

A comparison of crash severity distribution between WWD crashes and all crashes shows 

a notable difference (Figure 7). WWD fatal crash percentage is almost eight times higher than all 

fatal crashes for both California and Washington. For Maine, fatality is three times higher than the 

all-crash. In the case of Maine, only two years of data are used. That might be the reason the fatality 

rate is lower compared to California and Washington.  

There is a substantial difference in the percentages of injury crashes (ABC total) between 

these two crash groups. Again, WWD fatal and injury crash (KABC total) is also significantly 

higher (around 65%) than all other crash types (around 35%). These statistics prove that the 

severity distribution table present in the HSM for all crash are not appropriate for WWD crash 

analysis. Thus, WWD crash warrants a separate severity distribution table.                                                                                
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CHAPTER 4  

DEVELOPMENT OF WWD CRASH SEVERITY DISTRIBUTION TABLE USING HSIS 

WWD CRASH DATABASE 

In the first edition of the HSM, the severity distribution table is developed for rural two-

lane two-way roadways, rural multi-lane highways, and urban/suburban arterials. Additionally, in 

the HSM First Edition Supplement 2014 (NCHRP Project 17-45), severity distribution tables for 

freeways and interchanges are included, which will be added in the second edition of HSM (24). 

This information is helpful in terms of selecting facility type for WWD crash severity distribution 

table. 

4.1 SELECTION OF FACILITY TYPE AND CRASH DATA FOR DEVELOPING 

SEVERITY DISTRIBUTION TABLE 

The proportion of WWD crashes is small compared to all crashes. This study finds that the 

WWD crash is less than one percent (< 0.001) of all crashes for California, Washington, and 

Maine. This finding aligns with the past studies (13,15). So, the distribution of WWD crashes in 

terms of facility type would be different from all crashes. According to past studies, the primary 

origin of the WWD crash is the exit ramp of the controlled-access highway (such as freeway and 

interstate) (5,6). Another WWD approach is making a U-turn on the mainline or turning through 

the median when an exit ramp is missed (5).  

One Illinois study showed that 93.5% of 217 confirmed WWD crashes happened from 

drivers' entry through exit ramp terminal, while 6.5% occurred due to mainline U-turn (13). Most 

of the studies outlined in the literature review focus on the controlled-access highways while 
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analyzing WWD crashes. Therefore, this study attempts to prepare a WWD crash severity 

distribution table for controlled-access highways (e.g., freeways, interstate freeways). 

As a first step, a thorough review of NCHRP Project 17-45 is made to learn in detail about 

the structure of the severity distribution table currently present for freeways (Table 8). According 

to the NCHRP report, crash severity distribution is subdivided into road segments and ramp and 

C-D roads. Further division of severity distribution is made regarding collision type, rural-urban 

area, and single-multiple vehicles. Data from California, Washington, and Maine are used for these 

developments. 

Table 8 Severity distribution tables for freeways and interchanges (NCHRP Project 17-45) 

Table No Table Name Data Used 

Table 18-6 Multiple-vehicle crashes by 

crash type for freeway segments  

California (2003-2007) 

Washington (2003-2007) 

Maine (2002-2006) 

Table 18-10 Ramp-Entrance-Related Crashes 

by Crash type  

Table 19-6 Multiple-vehicle crashes by 

crash type for Ramp and C-D 

road  

Table 19-9 Single-vehicle crashes by crash 

type for Ramp and C-D road 

Table 19-16 Signal -Controlled Ramp 

Terminal Crashes by Crash Type  
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As mentioned earlier, the data sample for Maine is too small and available for only two 

years. Therefore, the current study utilizes California and Washington WWD crash data extracted 

from HSIS in the following steps. Figure 8 illustrates a data distribution of extracted data. Data 

flow shows that both the selected states have more than 50% (for California  61%) freeway WWD 

crashes compared with non-freeway crashes. Moreover, non-freeway crashes include local and 

collector road crashes in the database. This information supports the selection of freeways for the 

table development. When freeway crash data was further subdivided into urban/rural and 

single/multiple vehicle categories, the number for WWD crash data for Washington got smaller. 

Based on these statistics, this study focused on California WWD crash data for developing a 

severity distribution table.  

  

Figure 8 Data flow for California and Washington 
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4.2 STATISTICAL ANALYSIS FOR CHECKING THE SIGNIFICANCE AND 

CONSISTENCY OF SEVERITY DISTRIBUTION 

Before proposing any WWD crash severity distribution table for HSM, it is checked if 

there is any significant difference between crash severity and other variables (e.g., facility type, 

land use, manner of collision, and the number of vehicles). Chi-Square Test of Independence was 

conducted to evaluate the significant association between crash severity and other categorical 

variables. 

Chi-square test of independence is used to identify a relationship between two categorical 

variables. While using the chi-square test of independence, it is essential to make sure two critical 

assumptions associated with the test procedure are adequately met. If data does not pass these two 

assumptions, it is recommended not to use this test. Assumptions are outlined below: 

• Assumption 1: Variables in interest should be ordinal or nominal (i.e., categorical type) 

• Assumption 2: Two variables need to have two or more categorical and independent 

groups. For example: If gender is a categorical variable and it has two groups: male and 

female. 

Hypothesis testing for chi-square test of independence is similar to the ANOVA test. Test 

statistics are calculated and compared with a critical value, which is determined by the level of 

significance and degrees of freedom. Null (H0) and alternative (H1) hypotheses are expressed as 

follows: 

H0 = There is an association between dependent and independent variables: 𝜇0 = 𝜇1 
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H1 = There is at least one level among dependent and independent variables that do not have 

association: 𝜇0 ≠ 𝜇1 (for at least on level) 

The test statistic for the Chi-Square Test of Independence is denoted χ2, and is computed as: 

𝑥2  =  ∑ ∑
(𝑜𝑖𝑗  −  𝑒𝑖𝑗)2

𝑒𝑖𝑗

𝐶

𝑗 = 1

𝑅

𝑖 = 1

 

Where,  

Oij is the observed cell count in the ith row and jth column of the table 

eij is the expected cell count in the ith row and jth column of the table, computed as 

𝑒𝑖𝑗  =  
𝑟𝑜𝑤 𝑖 𝑡𝑜𝑡𝑎𝑙 ∗  𝑐𝑜𝑙 𝑗 𝑡𝑜𝑡𝑎𝑙

𝑔𝑟𝑎𝑛𝑑 𝑡𝑜𝑡𝑎𝑙
 

The quantity (oij - eij) is sometimes referred to as the residual of cell (i, j), denoted rij 

The calculated χ2 value is then compared to the critical value from the χ2 distribution table 

with degrees of freedom df = (R - 1)(C - 1) and chosen confidence level. If the calculated χ2 value 

> critical χ2 value, then we reject the null hypothesis. 

In this study, the chi-square independence test is conducted between various crash severity 

levels (e.g., Fatal, PDO, etc.) and roadway facility type, freeway location, crash type, land use 

type, number of vehicles, and crash year. These variables are selected following variables used in 

the highway safety manual/ NCHRP report for all crashes.  
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WWD crash is fatal in nature. Figure 9 shows that certain types of collisions are associated 

with fatal WWD crashes. Therefore, a change is made in selecting the sub-categories of a variable. 

Table 9 shows the change that is made in terms of variable selection. 

Freeway chapter of HSM supplemental divides crash severity into Injury and PDO crashes; 

however, due to the fatal nature of the WWD crash, severity is divided into Fatal, Injury, and PDO 

crashes. WWD crashes occur when a vehicle moves in the opposite direction. Therefore, collision 

type like the rare end is less likely to occur.  

Also, it is found that a minimum percentage of collisions accounts for auto-pedestrian and 

overturned. So, based on the data distribution, the WWD crash type is divided into four categories 

(Table 9).  

 

Figure 9 WWD Crash severity distribution in terms of various crash/collision type 
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Table 9 Change in Variables Sub-category for WWD Crash 

Variable Sub-category used in HSM/NCHRP 

Report for all crash types 

Sub-category proposed for WWD 

crash 

Crash severity • Injury (Fatal + Incapacitating 

Injury + Non-Incapacitating Injury 

+ Possible Injury) 

• Property Damage Only  

• Fatal 

• Injury (Incapacitating Injury + 

Non-Incapacitating Injury + 

Possible Injury) 

• Property Damage Only 

Crash type • Head on 

• Sideswipe 

• Rear end 

• Roadside 

• Hit Object 

• Overturned 

• Auto-pedestrian 

• Others 

• Head on 

• Sideswipe 

• Hit roadside object 

• Others 

 

After carefully selecting variables and their sub-categories intended chi-square test is 

conducted. In the test, crash severity distribution is considered as the categorical dependent 

variable for comparing with other independent variables. Details of categorical variables and Chi-

Squared test result is outlined in Table 10. 
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Table 10 Chi-squared test result 

Dependent 

variable 

(Col 1) 

Independ-

ent 

variables 

(Col 2) 

Sub-

category of 

Ind. 

variables 

Test Name Null 

Hypothesis 

P-value Any sig. 

difference 

between 

Col 1 & 

Col 2? 

Crash 

severity 

(Fatal, 

Injury, 

PDO) 

Roadway 

Facility 

Type 

Freeway, 

Non-

Freeway 

Pearson 

Chi-Square 

There is an 

association 

between 

Col 1 and 

Col 2 

0.00 YES 

Freeway 

Location 

Freeway 

segment, 

Ramp and 

C-D road 

0.00 YES 

crash type Head-on, 

Sideswipe, 

Hit 

roadside 

object, 

Others 

0.00 YES 

Land use 

Type 

Rural, 

Urban 

0.005 YES 

Number of 

vehicles 

Single, 

Multiple 

0.00 YES 

Year 2013,2014,

2015,2016,

2017 

0.80 NO 
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According to the chi-square test, freeway and non-freeway WWD crashes vary 

significantly concerning WWD crash severity levels. Similar is true for freeway segment and 

ramp/C-D road, crash type, land use and the number of vehicles. Again, according to the result, a 

subdivision of WWD crash severity distribution is warranted in terms of freeway segment and 

ramp/C-D road, land use type, crash type, and the number of vehicles. 

The proposed distribution table needs to be consistent. Therefore, a chi-squared test is also 

conducted to evaluate a significant difference between different years and severity distribution 

(Table 10: Bottom Row). According to the comparison test result, crash severity distribution has 

remained the same over the years. Figure 10 provides a graphical representation of consistent 

WWD crash severity distribution for 2013 to 2017 in terms of various crash severity levels.  

 

Figure 10 Graphical representation of consistency of crash severity distribution over the period 

2013-2017 
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4.3 PROPOSED WWD CRASH SEVERITY DISTRIBUTION TABLE 

Finally, after satisfactory significance and consistency test, this study proposes four types 

of WWD crash severity distribution table that can be used for WWD crash-related quantitative 

analysis: (i) a general severity distribution table (ii) freeway segment multiple vehicle crash 

severity distributions and (iii) urban freeway ramp and C-D road multiple vehicle crash severity 

distributions and (iv) WWD crash severity distribution table for night time lighted and unlighted 

condition.   

4.3.1 General Severity Distribution Table for Freeway 

A general table for freeways is prepared considering all KABCO severity levels for 

freeway, non-freeway and all roadways (Table 11). According to table 11, severity is much higher 

for the freeway than the non-freeway. From figure 11, it can be interpreted that severity distribution 

is almost the same for California (used for proposed distribution) and Washington (used as a 

reference check). Developed WWD crash distribution table will help researchers and policymakers 

when a general assessment is needed for freeway facility types without considering other factors 

(e.g., land-use type and crash type). 

Table 11 General severity distribution table for freeway  

Facility 

Type 

Fatal 

(%) 

Incapacitating 

Injury (%) 

Non-

Incapacitating 

Injury (%) 

Possible 

Injury (%) 
PDO (%) 

Freeway 10.6 12.4 22.5 20.0 34.5 

Non-

Freeway 
4.8 11.6 25.0 30.0 29.0 

All Roadway 8.3 12.3 23.6 23.5 32.4 
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Figure 11 Comparison of a freeway and interstate WWD crash severity distribution between 

California and Washington 

4.3.2 WWD Crash Severity Distribution Table for Freeway Segment and Freeway Ramp & 

C-D Road 

Freeway chapters of HSM provide separate distribution tables for freeway segments, 

interchange ramps, and ramp terminals. WWD crashes occur when a driver crosses the ramp 

terminal and enters the exit ramp. Therefore, Table 19-45 (All-Way Stop Controlled ramp 

terminal), Table 19-16 (Signal Controlled ramp terminal), Table 19-21 (One-Way Stop-Controlled 

ramp terminal), and Table 18-10 (Entrance related) from Highway Safety Manual (24) is 

considered unrelated to WWD crash. Therefore, in this study, the WWD crash severity distribution 

tables for freeway segment (Table 12) and freeway ramp and C-D road (Table 13) is developed 

following Table 18-6 (freeway segment), Table 19-6, and 19-9 (ramp and C-D road) of the freeway 
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chapters of HSM (25). For Table 12, only urban multiple-vehicle is considered because total rural 

and urban single-vehicle crash on-ramp and C-D road were 4 and 8 respectively out of 232. 

Table 12 WWD crash severity distribution table for freeway segment 

Land Use Type Freeway Segment (Multiple Vehicle) 

 

 

 

 

Rural 

Crash Type       Fatal (%)       Injury (%)      PDO (%) 

Head-On 100 57.4 26.5 

Sideswipe 0.0 25.9 52.9 

Hit Roadside Object 0.0 11.1 11.8 

Other 0.0 5.6 8.8 

 

 

Urban 

Head-On 87.3 61.7 37.6 

Sideswipe 6.3 13.9 35.8 

Hit Roadside Object 5.1 13.2 19.3 

Other 1.3 11.2 7.3 

 

Table 13 WWD crash severity distribution table for Freeway Ramp and C-D road (Urban Multiple 

Vehicle) 

Crash Type Fatal (%) Injury (%) PDO (%) 

Head-On 0 9.1 16.3 

Hit Road Object 0 42.2 44.2 

Sideswipe 0 3.4 30.2 

Other 100 45.14 9.3 
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4.3.3 WWD Crash Severity Distribution Table for Nighttime Condition 

Table 10-20 and 10-23 of HSM has a severity distribution table for unlighted nighttime 

conditions. It is well known that one of the significant WWD crash contributing factors is 

nighttime. Notably, the dark-but-not-lighted situation is more critical for the WWD crash. 

Therefore, a WWD crash severity distribution table is generated for nighttime conditions (Table 

14). 

Table 14 WWD crash severity distribution table for nighttime lighted and unlighted condition 

Components 

of freeway 

Dark-Street Lights Dark-street 

light crash that 

occurs at night 

Total 

nighttime 

crash 

Grand 

Total Fatal Injury PDO 

Ramp and 

CD 

0    0% 34  62.9% 20 37.0% 54 88.5% 61 26.3% 232 

Segment 40 13.2% 146 48.0% 118 38.8% 304 49.1% 619 74.4% 832 

Components 

of freeway 

Dark-No Street Lights Dark- No light 

crash that 

occurs at night 

Total 

nighttime 

crash 

Grand 

Total Fatal Injury PDO 

Ramp and 

CD 

0   0% 5 71.4% 2 28.6% 7 11.5% 61 26.3% 232 

Segment 56 17.8% 152 48.3% 107 33.9% 315 50.9% 619 74.4% 832 
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CHAPTER 5  

APPLICATION OF PROPOSED WWD CRASH DATABASE AND SEVERITY 

DISTRIBUTION TABLE 

 The chapter is divided into two parts (i) application of HSIS WWD crash database (ii) 

application of proposed WWD crash severity distribution tables.  

5.1 APPLICATION OF FILTERED HSIS WWD CRASH DATABASE            

5.1.1 Development of General WWD Crash Prediction Model from a Crash Database 

This study develops filtering criteria for extracting WWD crashes from HSIS crash 

database for California, Washington, Maine and Illinois. These filtering criteria successfully 

capture WWD crashes from all other crashes taking into account the cross median crashes. 

However, different states have different variables for describing wrong-way driving and cross 

median crashes. Also, identification of filtering criteria using state-specific manual are time-

consuming and require manpower. Developed WWD crash database can help in this context. 

• A general WWD crash identifying algorithm would be beneficial in the future to 

extract WWD crashes from any crash database. A general flow diagram based on 

the manual method used in this study is shown in Figure 12.  

• Moreover, extracted WWD crash database can be used to prepare a statistical or 

machine learning predictive model that would be able to extract WWD crashes 

from any crash database.   
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Figure 12 General flow diagram of filtering process of true WWD crash from HSIS 

Find Best 

Match With Past Literature 

Final Decision 

Discard 

Check The Accuracy of 

all Variables in 

Extracting Common 

Crash 

One 

Variable? 
No 

Yes 

HSIS Crash Data + Manual 

Identify WWD Crash 

Related Attributes 

Extract WWD Crash 

No 
Satisfied With 

Accuracy? 

Yes 



48 

 

5.1.2 Identification of Focus Crash and Facility Types and WWD Crash-Contributing 

Factors 

Systematic safety improvements are a proactive approach that helps reduce crashes by 

improving at locations with high risks. According to a November 2020 FHWA publication, 

research has been conducted to identify focus crash and facility types (FCFTs) and crash 

contributing factors using FARS and HSIS crash databases. This study is a part of systematic safety 

improvements. In this study, FCFTs have been selected and ranked using fatal crashes from FARS 

and fatal, and injury crashes from HSIS. After selecting FCFT, a machine learning technique: 

random forest, is used to identify crash contributing factors. Finally, low-cost crash preventive 

countermeasures have been proposed based on the FCFTs and crash contributing factors (27). 

WWD crash data extracted from HSIS by the current study can be used for a similar method to 

identify high-risk crash locations and crash contributing factors to select WWD crash preventive 

countermeasures proactively. 

5.1.3. Identification of Coordinates (latitude and longitude) of Crash Location 

Unlike FARS data, HSIS does not have the latitude and longitude of the crash location. 

However, using the California crash database and manual and Caltrans Postmile Query tool, it is 

possible to identify the coordinates of crash locations. Caltrans Postmile Query Tool is an online 

web portal that provides geo-coordinates using county, route and postmile. HSIS crash database 

provides postmile value for every crash. County and route number are available within the attribute 

"cnty_rte." Figure 13 shows the details of the attribute used in identifying county and route number 

of crash locations. And Figure 14 illustrates an example of how suggested attributes can locate the 

coordinates. 
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Figure 13 Description of attributes required for finding latitude and longitude from CA HSIS 

manual and Crash file received from HSIS 

 

Figure 14 HSIS WWD crash database and Caltrans Postmile Query Tool used to find 

Coordinates 

Variable name in Manual 

(left) and Excel file 

(right) 
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5.1.3.1 Probable Entry Point 

Coordinates determined through this process help determine the entry point of the WWD 

crash by going upstream of the roadway facility. However, one problem with this system is that 

coordinate is located in the middle of the road. To get rid of this problem, another attribute in the 

crash data is called "sde_swy." According to the manual, the meaning of this attribute is "side of 

travel of the highway where the crash occurred".  

5.1.3.2 Exact Entry Point 

Finding an entry point of the WWD movement is one of the major challenges of WWD 

crash analysis. As mentioned above, the first and second probable entry point can be assumed if 

the coordinate is known. However, it can be called a known entry point if the determined 

coordinate is located on the exit ramp terminal. Extracted WWD crash data and the California 

manual provide information that can be used to find the WWD crashes that occurs on the ramp.  

According to the manual, "The ramp accidents (INT_RMP = '1', '2', '3', '4') can be linked 

to the ramp file by CNTY_RTE and MILEPOST of the accidents and CNTYRTE and MILEPOST 

of the ramps. Each of the ramp accidents will have the same milepost as the ramp. (As described 

above, this milepost actually represents the nose of the ramp, but all accidents occurring on the 

ramp will be given that same milepost.) The mile-posting of all accidents is based on the 

investigating officer's location-related information and on his/her narrative and sketch. So, filtering 

the crash database with "int_rmp" will provide us with an exact entry point for the WWD crash. 



51 

 

 

Figure 15 Example of known WWD crash entry point  

Figure 15 shows an exact entry point of WWD crash. The crash location is located at the 

starting of the exit ramp. According to the discussion above, the WWD driver has entered through 

the exit ramp from a crossroad and a crash occurred on the exit ramp. By this method, crashes with 

a known entry point can be detected. Once the entry point is known, geometric design and 

countermeasures that are susceptible to WWD crashes can be found. 

5.1.4 Application in Network Screening and Diagnosis & Countermeasure Selection 

Part B of the Highway Safety Manual deals with the roadway safety management process 

with 6 chapters (4 through 9) (Figure 16 b). The third step in network screening is to select 

performance measures (Figure 17). In that step, the task is to select one or several performance 

Exit Ramp 

According to the 

definition, this crash 

occurred on the exit 

ramp 
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measures to evaluate the potential to reduce the number of crashes or crash severity. Again, the 

countermeasure selection chapter of part B involves calculating crashes by their types and severity. 

Extracted WWD from HSIS has the crash type and crash severity field for California, Maine, 

Washington and Illinois. Therefore, extracted WWD crash database can be used in the network 

screening and countermeasure selection process as a part of the roadway safety management 

process.  

 

    

(a)                                                                    (b) 

Figure 16 (a) Various parts of the highway safety manual (b) Chapters of Part B: Network 

Screening and Diagnosis & Countermeasures Selection 

Part B contains 6 chapters (4 through 9) that describe the road safety management process 

(Figure 16 b). The third step in network screening is to select performance measures (Figure 17). 

In that step, the task is to select one or several performance measures to evaluate the potential to 
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reduce the number of crashes or crash severity. Again, the countermeasure selection chapter of 

part B involves calculating crashes by their types and severity. Extracted WWD from HSIS has 

the crash type and crash severity field for California, Maine, Washington and Illinois. Therefore, 

extracted WWD crash database can be used in the network screening and countermeasure selection 

process as a part of the roadway safety management process.  

 

Figure 17 Different steps of network screening 
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5.2 APPLICATION OF PROPOSED WWD CRASH SEVERITY DISTRIBUTION TABLE 

5.2.1 Application in Economic Appraisal & Prioritization and Safety Effectiveness 

Evaluation 

Highway Safety Manual provides quantitative information in terms of crash severity and 

frequency for safety-related decision-making. This national guidebook has numerous applications. 

Identifying locations with higher potential for reduction of crash severity and safety, prioritizing 

projects through economic appraisal, analyzing crash reduction capability of various 

countermeasures, cost-benefit analysis of design alternatives are a few of the essential applications 

of HSM. Crash severity distribution plays a prime role in all these applications.  

 

 

Figure 18 Chapters of Part B: Network Screening and Diagnosis & Countermeasures Selection 

The last two sections of Part B in the HSM are Economic Appraisal & Prioritization and 

Safety Effectiveness Evaluation (Figure 18). Site economic appraisals are conducted once the 
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highway network is screened, the selected sites are diagnosed, and potential countermeasures for 

reducing the crash frequency or severity are selected. In an economic appraisal, project costs are 

addressed in monetary terms. Two types of economic appraisal – benefit-cost analysis and cost-

effectiveness analysis; address project benefits in different ways. Both types begin quantifying the 

benefits of a proposed project, expressed as the estimated change in crash frequency or severity of 

crashes, resulting from implementing a countermeasure. In benefit-cost analysis, the expected 

change in average crash frequency or severity is converted to monetary values, summed, and 

compared to the cost of implementing the countermeasure. In cost-effectiveness analysis, the 

change in crash frequency is compared directly to the cost of implementing the countermeasure. 

Data needs in economic appraisal are: 

 

• Estimated change in crashes by severity 

• Monetary value of crashes by severity 

• Service life & cost of countermeasure  

• Discount rate  

Once economically justified countermeasures have been identified using an economic 

appraisal, the next step in the roadway safety management process is to prioritize countermeasure 

implementation projects. This is the final step of the roadway safety management process, safety 

effectiveness evaluation. Safety effectiveness evaluation measures how well a treatment, project, 

or group of projects reduced crash severity or frequency. One of the steps in safety effectiveness 

evaluation is the "performance measure," which involves: 

• A % reduction in crashes 

• A shift in the proportions of crashes by collision type or severity level 
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• A CMF for a treatment 

• A comparison of the safety benefits achieved to the cost of a project or treatment. 

It is evident from the discussion that crash severity distribution is one of the prime needs 

in both economic appraisal and safety effectiveness evaluation. Therefore, for the WWD crash 

project, the proposed severity distribution would benefit transportation planners and agencies.  

5.2.2 Future Use in Safety Performance Function (SPF)  

Currently, HSM provides Safety Performance Function (SPF) for predicting a crash for all 

crash types. The severity distribution table for all crash types is frequently used along with those 

equations to predict crashes for different vehicle types and collision categories. However, SPF's 

for the WWD crash has not yet been developed. Only there are a few crash modification factors 

(CMF) available for specific countermeasures. In the future, like all crashes, once SPF's is 

developed for WWD crash, the proposed WWD crash in this study can be helpful. Table 15 below 

shows how the proposed WWD crash severity distribution table can be used in the future.  

Table 15 Proposed WWD crash severity distribution table for future SPFs 

Equation 

(In HSM/ 

NCHRP Report) 

Purpose of the 

equation 

Use of severity 

distribution table in the 

equation 

Proposed crash severity 

distribution table for 

WWD crash (from this 

study) 

Equation 18-15 SPFs for multiple-

vehicle crashes on 

freeway segment 

Value from Table 18-6 is 

multiplied by equation 

18-15 to estimate the 

predicted average 

multiple-vehicle crash 

frequency by crash type 

category 

Table 12 
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Equation 19-20 SPFs for multiple-

vehicle crashes on 

ramp segment 

Value from Table 19-6 is 

multiplied by equation 

19-20 to estimate the 

predicted average 

multiple-vehicle crash 

frequency by crash type 

category 

Table 13 

 

 

5.2.3 Case Studies 

 The prime use of the WWD crash severity distribution table is many folds. One of the 

essential applications is in the analysis of countermeasure evaluation and economic appraisal. In 

the following section, two case studies are illustrated using the proposed WWD crash severity 

distribution table. 

5.2.3.1 Case Study 1: Lighted Road and WWD Crash Prevention  

WWD crash severity distribution can help evaluate the effectiveness of a specific WWD 

crash preventive countermeasure or proposed roadway improvement. Because of the installation 

of a countermeasure, a change in proportions of crash severity might occur. The study provides 

one practical example using roadway lighting conditions. Dark not lighted has been found one of 

the prominent reasons for WWD crash in the night. The study shows a comparison between 

dark_lighted and dark-not lighted conditions of the freeway in terms of change in crash severity 

(Table 14).  

According to Table 14, in freeway, night-time WWD crash (63.91%) is much higher than 

daytime crashes. Among freeway crashes, substantial percentages of crashes occur in the freeway 

segment. Although WWD crash in ramp and C-D road is small, there is a notable difference in the 
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crash severity distribution between light and nonlight conditions at night. Injury severity is 9% 

higher for ramp and C-D road without lighting than lighted conditions. For freeway segments, the 

fatal crash is 6% higher in the nighttime when there is no light. This information can help 

policymakers understand how installing road lights on ramps and vulnerable freeway segments 

can reduce fatal and injury crashes. Moreover, they can perform a cost-benefit analysis for light 

installment using the proposed severity distribution table. 

5.2.3.2 Case Study 2: National WWD Crash Cost Analysis 

Highway cost-benefit estimation is an essential component in the overall safety 

improvement of roadways. Various safety improvement programs often justify the economic 

benefit of a proposed project. To evaluate the economic benefit of a project/improvement, safety 

analysts often use crash cost as a measure. Till now, there is a gap in estimating crash costs related 

to wrong-way driving due to a robust severity distribution table. Therefore, current research uses 

the proposed WWD crash severity distribution to estimate the whole nation's WWD crash cost per 

year. The primary assumption in this calculation is that all states have similar severity distribution 

as proposed in this study using the California database.  

At first, fatal crash data is collected from the FARS WWD crash database for the latest five 

years for all the states of the U.S. Then, using the proposed crash severity distribution, total crashes 

and crashes with respect to severity are calculated. Finally, using National KABCO crash unit 

costs (2016 dollars) (28), the total WWD crash cost is calculated for all roadway facilities, 

interstate, and freeways (Table 16). Additionally, a separate map is created to show the 

vulnerability of various states in terms of WWD crash cost (Figure 19). Notably, Texas, California, 

Florida, Missouri and Georgia have the highest WWD crash cost.  
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This national coast analysis will benefit state DOTs by (i) providing an idea on WWD crash 

in terms of monetary value and (ii) helping decide safety improvement project related to WWD 

crashes. 
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Table 16 WWD crash cost for All Roadway, Freeway and Interstate 

Col 1 Col 2 Col 3 Col 4 Col 5 Col 6 Col 7 Cost (Severity) in Million US Dollar 

Facility 
Fatal/ 

year 

Fatal 

crash 

proporti

on 

(Table 

11) 

Total = 

Col 

2/Col3 
 

Fatal=To

tal*prop

ortion of 

fatal 

Injury=

Total*pr

oportion 

of Injury 

PDO=To

tal*prop

ortion of 

PDO 

Fatal Injury PDO Total 

All 

Roadway 
 

356.6 0.0829 4301 356 2552 1391 4027.9 673.9 16.5 4718.4 

Interstate 

 

157.8 0.1115 1415 157 775 481 1782.4 218.6 5.7 2006.7 

Freeway 

 

214.8 0.1062 2022 214 1108 697 2426.2 305.3 8.3 2739.9 
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Figure 19 WWD crash cost distribution of the USA 



62 

 

CHAPTER 6  

CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

The objective of this study was to develop filtering criteria to identify true WWD crash 

from the HSIS crash database and develop a base WWD crash distribution table. Crash data was 

requested from HSIS representative. Both handbooks and crash data were received for California, 

Maine, Washington, Minnesota, North Carolina, and Illinois for different years. Initially, crash 

data from California, Washington, Maine and Illinois was selected for true WWD crash extraction 

process. Later, California and Washington's data was used to develop the WWD crash severity 

distribution table. The final table was proposed based on California WWD crash database. 

At first, WWD crash-related attributes were identified by carefully reviewing specific state 

handbooks and crash narratives outlined in the database. Extracting true WWD crash from HSIS 

was found challenging for two reasons, (i) the presence of various WWD crash-related attributes, 

(ii) the lack of robust guidelines for the cross-median crash. A manual data sorting technique was 

used to find a robust filtering criterion to overcome these challenges. After successful analysis and 

accuracy checking, this study proposed filtering criteria for extracting WWD crashes from the 

HSIS crash database. Further, extracted WWD crashes were used to develop a base WWD crash 

severity distribution table that can be used in HSM.  

The authors made a thorough review of the Highway Safety Manual and 'NCHRP Project 

17-45' (future chapter of HSM) before preparing the base WWD crash severity distribution table. 

A severity distribution table was available in these manuals for rural two-lane two-way roadway, 

rural multi-lane highway, and urban/suburban arterials and freeways. However, due to the different 
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nature of WWD crashes than all other crashes, a severity distribution table was prepared for 

freeway WWD crashes. The accuracy and consistency of WWD crash severity distribution were 

checked through statistical tests and past literature.  

Severity distribution was subdivided in terms of collision type, rural-urban area, and single-

multiple vehicles, according to the tables presented in HSM and NCHRP report. Eventually, four 

different WWD crash severity distribution table was proposed for freeways: (i) a general table for 

freeway crash (ii) freeway segment (subdivision: both land use, crash type, and multiple vehicles) 

crash and (iii) freeway ramp and C-D road (subdivision: urban, crash type and multiple-vehicle) 

crash and (iv) WWD crash severity distribution table for nighttime lighted and unlighted condition.  

Proposed WWD crash filtering criteria for the HSIS crash database is expected to create a 

new window for traffic analysts interested in WWD crash analysis. Created WWD crash database 

can be trained using various statistical and machine learning method to predict WWD crash from 

all crash database. With the help of extracted WWD crash database, study also outlines a method 

for locating probable and exact WWD entry point. Entry point is essential in determining WWD 

crash prone geometric design and preventive countermeasures. Moreover, extracted crash database 

would be useful in the network screening and diagnosis & countermeasure selection process in the 

roadway safety management process related to WWD crash project.     

On the other hand, the proposed base WWD crash severity distribution table can be used 

in severity-related quantitative methods of HSM for analysis associated with wrong-way driving 

crashes. Specifically, developed tables are expected to help in the economic appraisal & 

prioritization and safety effectiveness evaluation for WWD crash preventive countermeasure. In 

addition, the proposed WWD crash severity distribution table shows that propensity of injury crash 

is 9% higher when there is no light on the ramp. Finally, the study conducts a national WWD crash 
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cost analysis using the proposed WWD crash severity distribution table, which will help state 

DOTs in deciding on projects related to WWD crashes.  

6.2 RECOMMENDATIONS FOR FUTURE STUDY 

• This study generates WWD crash filtering criteria for HSIS through a time-consuming 

manual process. In the future, using the developed WWD crash data, a statistical model 

can be developed to extract true WWD crashes from other crash databases. 

• For analysis, this study had crash data for six states. HSIS has crash database for another 

three states. So, a similar method can be applied to the crash data of those states to find 

true WWD crashes. 

• The current study proposes WWD crash severity distribution table using California WWD 

crash data only. In the future, crash data from other states can be used and compared for 

more validity. For example: WWD prone crash locations like Florida and Texas can be 

used.  

• National WWD crash cost is calculated without considering other parameters (e.g., VMT). 

And certain states are found to be more prone to WWD crash in terms of monetary value. 

In the future, for normalization, different parameters can be used for national crash cost 

analysis. 
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Table A-1 WWD crash distribution table for California (Both Rural + Urban) 
 

Freeway (%) Non-Freeway 

(Multilane) % 

Non-Freeway 

(Two-Lane) % 

PDO-Property 

Damage Only 

34.49% 25.26% 35.41% 

Fatal 10.62% 4.34% 5.45% 

Severe Injury 12.41% 8.42% 16.34% 

Other Visible Injury 22.46% 26.02% 23.35% 

Complaint of Pain 20.02% 35.97% 19.46% 

 

Table A-2 WWD crash distribution table for California (Both Rural + Urban) in terms of all 

collision types and single and multiple vehicle crashes. 

  PDO-

Property 

Damage 

Only (%) 

Fatal (%) Severe 

Injury 

(%) 

Other 

Visible 

Injury 

(%) 

Complaint 

of Pain (%) 

Total (%) 

SINGLE VEHICLE 

Hit Object 15.15% 6.25% 7.51% 7.84% 3.48% 9.03% 

Overturned 1.07% 0.69% 0.47% 1.47% 0.25% 0.87% 

Other 0.71% 0.00% 0.47% 0.74% 0.00% 0.46% 

Total single 16.93% 6.94% 8.45% 10.05% 3.73% 10.36% 
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MULTIPLE VEHICLE 

Head-On 25.49% 82.64% 64.79% 32.35% 28.61% 37.44% 

Sideswipe 32.80% 3.47% 7.51% 12.25% 10.70% 17.25% 

Rear End 2.85% 0.00% 0.47% 0.25% 1.74% 1.45% 

Roadside 11.76% 1.39% 8.45% 21.32% 31.84% 17.42% 

Hit Object 6.95% 2.08% 3.29% 3.43% 1.49% 3.99% 

Overturned 0.36% 0.69% 0.47% 0.49% 0.50% 0.46% 

Auto-

Pedestrian 

0.18% 0.00% 0.47% 1.72% 2.99% 1.22% 

Other 2.67% 2.78% 6.10% 18.14% 18.41% 10.42% 

Total 

multiple 

83.07% 93.06% 91.55% 89.95% 96.27% 89.64% 

Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 

 

  PDO-Property 

Damage Only (%) 

Fatal and Injury 

(%) 

Total (%) 

SINGLE VEHICLE  

Hit Object 15.15% 6.08% 9.03% 

Overturned 1.07% 0.77% 0.87% 

Other 0.71% 0.34% 0.46% 

Total single 16.93% 7.20% 10.36% 
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MULTIPLE VEHICLE 

Head-On 25.49% 43.19% 37.44% 

Sideswipe 32.80% 9.77% 17.25% 

Rear End 2.85% 0.77% 1.45% 

Roadside 11.76% 20.14% 17.42% 

Hit Object 6.95% 2.57% 3.99% 

Overturned 0.36% 0.51% 0.46% 

Auto-Pedestrian 0.18% 1.71% 1.22% 

Other 2.67% 14.14% 10.42% 

Total multiple 83.07% 92.80% 89.64% 

Total 100.00% 100.00% 100.00% 

 

Table A-3: WWD crash distribution table for California (Rural only) 

 Freeway Non-freeway Two-Lane Total 

Complaint of Pain 12% 13% 17% 14% 

Fatal 17% 13% 8% 13% 

Other Visible Injury 20% 16% 20% 19% 

PDO - Property 

Damage Only 

35% 46% 36% 37% 

Severe Injury 17% 12% 20% 17% 

Grand Total 100% 100% 100% 100% 
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Table A-4 WWD crash distribution table for California (Rural) in terms of all collision types and 

single and multiple vehicle crashes. 

 
Freeway 

 

Non-Freeway 

(Multilane) 

 

Non-Freeway (Two-

Lane) 

 
  Fatal and 

Injury 

PDO Fatal and 

Injury 

PDO Fatal and 

Injury 

PDO 

MULTIPLE VEHICLE 

Head-On 58% 22% 68% 16% 59% 32% 

Hit Object 3% 8% 5% 6% 2% 2% 

Other 2% 2% 0% 0% 1% 2% 

Overturned 1% 0% 3% 0% 3% 2% 

Rear End 1% 4% 0% 3% 1% 2% 

Roadside 4% 0% 16% 19% 7% 9% 

Sideswipe 15% 37% 5% 32% 24% 48% 

Multiple Total 86% 73% 97% 77% 97% 96% 

SINGLE VEHICLE 

Hit Object 10% 22% 0% 19% 2% 4% 

Other 1% 0% 0% 0% 0% 0% 

Overturned 3% 2% 3% 3% 1% 0% 

Single Total 14% 27% 3% 23% 3% 4% 

Total 1 100% 100% 100% 100% 100% 
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Table A-5: WWD crash distribution table for California (Urban only) 

  Freeway Non-Freeway 

(Multilane) 

Non-Freeway 

(Two-Lane) 

Total 

Complaint of Pain 21% 41% 24% 26% 

Fatal 10% 2% 1% 7% 

Other Visible 

Injury 

23% 28% 29% 25% 

PDO - Property 

Damage Only 

34% 21% 35% 31% 

Severe Injury 12% 8% 11% 11% 

Grand Total 100% 100% 100% 100% 
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Table A-6: WWD crash distribution table for California (Urban) in terms of all collision types and 

single and multiple vehicle crashes. 

   Freeway Non-Freeway (Multilane) Non-Freeway (Two-

Lane) 

  Fatal and 

Injury 

PDO - 

Property 

Damage 

Only 

Fatal and 

Injury 

PDO - 

Property 

Damage 

Only 

Fatal 

and 

Injury 

PDO - 

Property 

Damage 

Only 

MULTIPLE VEHICLE 

Auto-

Pedestrian 

2% 0% 2% 0% 2% 0% 

Head-On 45% 28% 25% 19% 32% 14% 

Hit Object 3% 9% 1% 3% 2% 6% 

Other 16% 2% 24% 6% 17% 9% 

Overturned 0% 0% 0% 0% 0% 0% 

Rear End 1% 3% 1% 0% 0% 3% 

Roadside 16% 10% 37% 24% 29% 17% 

Sideswipe 9% 29% 5% 28% 12% 49% 

Multiple 

Total 

92% 82% 93% 79% 94% 97% 

SINGLE VEHICLE 

Hit Object 7% 17% 6% 15% 0% 3% 

Other 0% 0% 0% 3% 3% 0% 

Overturned 0% 1% 0% 3% 3% 0% 

Single Total 8% 18% 7% 21% 6% 3% 

Total 100% 100% 100% 100% 100% 100% 

 


