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The material presented in this series of lectures 
are taken from this textbook and other sources 
based on lectures given by the authors.

The textbook is available on Amazon and the 
Elsevier website below among other places.

https://www.elsevier.com/books/highway-safety-analytics-and-modeling/lord/978-0-12-816818-9



Dominique Lord is a Professor and A.P. 
and Florence Wiley Faculty Fellow in the Zachry 
Department of Civil and Environmental 
Engineering at Texas A&M University. His 
highway safety research has led to the 
development of new and innovative 
methodologies for analyzing crash data and has 
been used by researchers across the world in 
medicine, accounting, mathematics, statistics, 
biology, and engineering..

Xiao Qin is a Professor of Civil and 
Environmental Engineering, the Director of the 
Institute for Physical Infrastructure and 
Transportation, and a licensed professional 
engineer in Civil Engineering. He chairs the 
Transportation Research Board (TRB) ACS20(1) 
Subcommittee on Safety Analytical Methods. He 
is the Editor of Transportation Research Record 
and Journal of Transportation Safety & Security, 
and an Board Member of Accident Analysis & 
Prevention. 

Srinivas R. Geedipally is a Research 
Engineer in the Center for Transportation Safety 
at Texas A&M Transportation (TTI) and a 
registered Professional Engineer in the state of 
Texas. He received his doctorate from Texas 
A&M University and has been with TTI since 
2005. Dr. Geedipally is an Advisory Board 
Member of Analytic Methods in Accident 
Research and has numerous papers published in 
high-standard international journals and 
conferences. 
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 Provide information for practitioners, engineers, scientists, 
students, and researchers who are interested in analyzing safety 
data to make engineering-or policy-based decisions.

 Cover all aspects of the decision-making process, from 
collecting and assembling data to making decisions based on the 
results of the analyses. 

 Provide the latest tools and methods documented in the 
literature for analyzing crash data.

 Provide examples and exercises to help understand models 
and methods commonly used for analyzing crash data.
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• Describe fundamental and theoretical principles associated with safety 
data analyses.

• Covers the nature of crash data from the human and 
statistical/mathematical perspectives, as well as key crash-frequency 
and crash-severity models.

Theory and Background

• Describe how the models described in the first area are applied for 
analyzing safety data.

• Include methods for exploring safety data, conducting cross-sectional 
and before-after studies, identifying hazardous sites or sites with 
promise as well as tools for incorporating spatial correlation, and 
identifying crash risk on a near real-time basis.

Highway Safety Analyses

• Assemble alternative safety analysis tools. 
• Include methods for surrogate measures of safety and data mining 

techniques for extracting relevant information from datasets, including 
those categorized as big data.

Alternative Safety Analyses
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Chapters
Theory and Background

Chapter 2—Fundamentals and Data Collection 
Chapter 3—Crash-Frequency Modeling 
Chapter 4—Crash-Severity Modeling 

Highway Safety Analyses
Chapter 5—Exploratory Analyses of Safety Data 
Chapter 6—Cross-Sectional and Panel Studies in Safety 
Chapter 7—Before-After Studies in Safety 
Chapter 8—Identification of Hazardous Sites 
Chapter 9—Models for Spatial Data 
Chapter 10—Capacity, Mobility, and Safety 

Alternative Safety Analyses
Chapter 11—Surrogate Safety Measures 
Chapter 12—Data Mining and Machine Learning Techniques 
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 Significant global issue both in terms of morbidity 
and economic losses (discussed in greater details 
below).

 Main goal consists of reducing the number and 
severity associated with crashes (vehicles, 
pedestrians and bicyclists). (Civil engineers focus on 
the design and operation of highways and their 
effects on safety)

 Was not a hot topic (research wise) until the early to 
mid-90s. (Few researchers)

 Now, a lot of funding, research and application of 
methods are devoted to highway safety. (Lots of 
researchers)

 Vision-Zero/Safe Systems



(Perception of safety)











Highway Safety Definition
For the purpose of this series of seminars/lectures, the relevant definition is 
to examine the number of crashes per unit of time by severity level.

The goal is to estimate how the design and traffic operation of different 
elements of the highway network affect the number and severity of crashes. 
For us, it is from the perspective of civil engineering (the topic of the 
textbook).

Note that highway safety involves multiple fields, such as law enforcement, 
psychology/human factors, mechanical, industrial and electrical engineering, 
economics, sociology, medicine and policy makers among others. It is a 
multidisciplinary discipline. Specific for this course:

• Making sense of crash and other safety data
• Examine the relationship between design/operational variables and crash 

risk
• Understanding crash causation factors
• Estimating risk of injury when a crash occur
• Estimating the safety effects of treatments
• Economic impacts of safety decisions





 According to the World Health Organization (WHO), between 
2000 and 2016, roadway-related crashes increased from about 
1.15 million to 1.35 million deaths globally.

 On an annual basis, about 80 million nonfatal injuries warranting 
medical care occur on highway networks.

 Road traffic injuries are ranked eighth as the leading cause of 
death (2.5%) among people of all ages, right in front of diarrheal 
diseases and tuberculosis (WHO, 2018).

 Vulnerable road users (i.e., pedestrians and cyclists) represent 
26%of road injury deaths, while drivers and passengers of 
motorized two-wheel and three-wheel vehicles account for 
another 28% worldwide.

 While a large proportion of high-income countries have observed 
either a reduction or no change in traffic-related deaths between 
2013 and 2016, a significant number of middle- and low-
income countries have observed an increase in traffic-related 
deaths (WHO, 2018), in large part attributed to the rapid 
motorization observed in developing countries.



 In the United States, for instance, highway 
crashes are estimated to have caused more than 
US$871 billion in economic loss and societal 
harm in 2010.

 In Europe, it is estimated that crashes have cost 
more than US$325 billion (€280 billion) in 
economic harm in 2015 (this value is considered 
underestimated), while in Australia the economic 
burden was estimated to be US$ 23.9 billion 
(AU$33.2) in 2016 (Litchfield, 2017).

 Globally, it is estimated that 3% of gross 
domestic product (GDP) is lost to highway 
crashes (all severities) and can be as high as 5% 
for middle- and low-income countries.











https://crashstats.nhtsa.dot.gov/#!/DocumentTypeList/12

















Human-Environment-Vehicle System

Provide a conceptual framework to analyze motor vehicle 
collisions.
Example: A 20-year-old man with little driving experience, is 
taking an unfamiliar road on his way to an interview. His vehicle 
is not properly maintained. In fact, the tires are in poor shape. 
At some point on the trip, the rain starts to fall. Shortly 
thereafter he enters a horizontal curve with a radius below 
minimum standards, loses control of the vehicle and run off the 
road into a tree located within a few feet of the traveled way.
Question: What are the contributing factors that have lead to 
this crash?



Human-Environment-Vehicle System

System Component Event Circumstance
Human Trip Young, inexperienced, 

stressed
Vehicle Choice of vehicle Tires in poor condition
Environment Rain Wet and slippery surface
Environment Curve Below standard
Human Steering maneuver Oversteering
Human Loss of control Unstabilized shoulder
Environment Roadside conditions Tree too close traveled way
Outcome Impact (crash)



Crash Contributing Factors



Crash Contributing Factors

http://cyberlaw.stanford.edu/blog/2013/12/human-error-cause-
vehicle-crashes
https://www.fhwa.dot.gov/publications/publicroads/95winter/p95wi1
4.cfm



Agent Host Physical
Environment

Social 
Environment

Pre-event

During the 
event

Post-event

William H. Haddon, Jr., came up with a Matrix to systematically 
analyze car crashes in a 1972 paper.







 Traditional Data
◦ Crash Data (Police reports, self-reporting, etc.)
◦ Traffic Conflicts/Surrogate Measures of Safety
◦ Hospital
◦ Crash Reconstruction
◦ Insurance (Private)

 Naturalistic Data
◦ Instrumented Vehicles
◦ Vehicle Blackboxes
◦ Safety Systems (Onstar, etc.)

 Social Media/Crowd Sourcing Data
◦ Twitter, Facebook, Instagram, Waze

 Disruptive Technological Data (enhance or new 
technology)
◦ Cellphones
◦ Video Recording/Processing
◦ Roadside Sensors (Toll Roads, etc.)



 General Characteristics
◦ Despite the flaws, crash data provide the ultimate sources 

of information about the safety performance of roadway 
elements. (others: traffic conflicts, driving task analysis)
◦ Unfortunately, people get hurt or killed and properties get 

damaged before finding this performance.
◦ Highly dependent on severity of the crash

 Crash data used for:
◦ Identification of hazardous sites
◦ Benefit-costs analysis
◦ Safety relationships (statistical models)
◦ Highway design process
◦ Policy development
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Video Logs
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Google Earth
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StreetView
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StreetView
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Video Processing



Automated Analysis of Pedestrian-
Vehicle Conflicts Using Video Data. 
Ismail et al. (2009) 
https://doi.org/10.3141/2140-05



Data obtained from instrumented vehicles. The installed 
instrumentation or data acquisition system collect data using several 
sensors and video cameras whenever the vehicle is running. Next slide 
shows different naturalistic studies/data availability from around the 
world. 

Below, the pictures show some of the instrumentations.

Head Unit Main Unit Radar



Sources of Data – ND/DTD
UDRIVE (Europe): https://results.udrive.eu/

UMTRI (Michigan): http://www.umtri.umich.edu/our-focus/naturalistic-driving-data
Australian Naturalistic Study: http://www.ands.unsw.edu.au/
Streetlight Data: https://www.streetlightdata.com/ (exposure)
Safe2save Data: https://safe2save.org/ (exposure)



 Traffic Engineers: elimination of hazardous sites; 
highway design, etc.

 Police force: enforcement location, etc.
 Researchers: understanding the crash process; 

safety relationships, etc.
 Decision-makers: alcohol measures, speed limit
 Prosecutors: transportation-related criminal 

lawsuits, eye witness statements, etc.
 Insurance companies: set premiums, types of 

vehicles, age of drivers,
 Vehicle manufacturers: research for safer 

vehicles



 Quality of data highly dependent on the officer 
at the scene of the crash

 Most important data are collected for potential 
criminal prosecution; other data less important

 Sometimes officers fill out the report on the 
scene while others do it at the end of the day

 Important to have an open line of 
communication between the engineering and 
police departments

 Now, crash reports and process for collecting all 
electronic



 Geographical location (intersections, mile-point, 
GIS)

 Date (year, day of week, time of day, etc.)
 Type of involvement (vehicle, driver, occupants, 

etc.)
 Outcome (severity)
 Environmental conditions (weather, lighting, 

road surface conditions)
 Characteristics of collision (direction of road 

users, errors, collision type)



Critical Information

Taken from the 2003 version of the PIARC’s Road Safety Manual 



Critical Information

Taken from the 2003 version of the PIARC’s Road Safety Manual 



 Location of the crash is the most important aspect 
of data collection:
◦ Estimate hazardous sites that experience more crashes 

than what would be expected
◦ Provide a usually way to link different databases

 Three methods: Link-Node, Route-Km Post (aka 
Control-Section), GPS coordinate



Link-Node

Link
Nodes



Route-Km Post

Distance 0

Every 200 m, there is small 
post on the side of the road

Highway 2

Highway 1



 Provides X and Y coordinates of a given geographical 
coordinate system

 Advantages: human error free; many software tools 
include GPS coordinate; can estimate in the Z-coordinate 
(depth)

 Disadvantages: Accuracy used to be an issue, but now 
the location pinpoint is very accurate (e.g., look at the 
location app on your smartphone).



Road System Inventory



 Old way: paper trails
 All crashes are coded electronically (e.g., CRIS in 

Texas; FHWA’s HSIS)
 Now, commercial programs available that displays 

visually simple crash statistics
 Internet-based visual tools (using GIS/GPS 

capabilities: ARCView, etc.)
 DBF, SAS, TXT files



 Not all crashes are reportable
◦ Personal injury (definition)
◦ PDO (limit, changes over time)

 Not all crashes are reported
◦ Ignorance of the law
◦ Victim’s unawareness of injury at the time of the collision
◦ Desire to avoid bureaucracy
◦ Desire to avoid insurance company penalties 
◦ Type of collision (single vehicle versus multivehicle)
◦ Type of users (bicyclists and pedestrians)
◦ Police force (report level varies by jurisdiction)

 Reported crashes may contain errors
◦ On report, fraudulent claims



Crash Data Limitations

Taken from the 2003 version of the PIARC’s Road Safety Manual 



Crash Data Limitations

Taken from the 2003 version of the PIARC’s Road Safety Manual 



Integrated Data Files
Linking Files

Taken from the 2003 version of the PIARC’s Road Safety Manual 


