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TECHNICAL SUMMARY 

 

Title 

Development and Teaching of a Graduate Course in Multimodal Transportation Safety and Risk 

 

Introduction 

One of the U.S. Department of Transportation (DOT)’s strategic goals is to enhance public health and 
safety by working toward the elimination of transportation-related deaths and injuries. Near term 
targets include reducing highway fatalities, rail-related accidents and incidents, and the number of 
serious hazardous materials transportation incidents. Attaining the goal requires engineers to 
understand the causal factors and risks in accidents, and determine the most effective ways of 
mitigating the consequences of transportation accidents in all modes.  

This project involved the development of teaching materials and the actual teaching of a course that 
provides an introduction to transportation risk concepts, risk management framework and risk 
assessment methodologies to address safety and security of freight and hazardous materials transport 
by railways, roads, waterways and pipelines. 

 

Description of Activities  

The key effort in this project was identifying and reviewing relevant publications and other resources 
to develop the class lectures and independent projects. The course was an advanced, graduate-level 
class as part of the Transportation Engineering curriculum in the Department of Civil and 
Environmental Engineering (CEE) at the University of Illinois at Urbana-Champaign (UIUC).  

 

Outcomes 

Eleven students were enrolled when the class was offered in the Fall 2013 semester at UIUC. The 
syllabus and lectures are appended to this report. Part of the lectures were used by a NURail-affiliated 
partner, Rutgers University, in their transportation logistics class. The course implemented an active-
learning process including: 

 Pre-Reading Assignment 
 Pre-Class Quiz 
 Traditional Lecture 
 In-Class Group Discussion 
 Risk Analysis Bootcamp - two-week group project to complete a route-specific risk analysis 



 State-of-the-Practice Paper Review (SOP) 

 Individual Term Project & Final Presentation 

 

Conclusions/Recommendations 

The course as a whole or part of the lectures can be incorporated in courses at other institutions. 

 

Publications/Examples 

See course syllabus and lectures attached. 

 

 

Primary Contact 

 

Principal Investigator 

M. Rapik Saat, Ph.D. 

Research Assistant Professor 

Department of Civil and Environmental Engineering 

University of Illinois at Urbana-Champaign 

mohdsaat@illinois.edu 

 

NURail Center 

217-244-4999 

nurail@illinois.edu 

http://www.nurailcenter.org/ 
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University of Illinois at Urbana-Champaign 

Department of Civil and Environmental Engineering 

 

CEE 498 TSR - Transportation Safety and Risk 
 

SYLLABUS 
 
 

1 
 

Instructors: Dr. M. Rapik Saat, Ph.D. (mohdsaat@illinois.edu)  

Semester: Fall 2013 

Credit: 3 hours  

Weekly Meeting Schedule: 5-6:20pm M/W (2312 Newmark) or Online (for online students) 
 
Course Description:  

 
One of the U.S. Department of Transportation (DOT)’s strategic goals is to enhance public 
health and safety by working toward the elimination of transportation-related deaths and injuries. 
Near term targets include reducing highway fatalities, rail-related accidents and incidents, and 
the number of serious hazardous materials transportation incidents. Attaining the goal requires 
engineers to understand the causal factors and risks in accidents, and determine the most 
effective ways of mitigating the consequences of transportation accidents in all modes.  
 
This course provides an introduction to transportation risk concepts, risk management 
framework and risk assessment methodologies to address safety and security of freight and 
hazardous materials transport by railways, roads, waterways and pipelines. Students learn about 
the tools needed to perform comprehensive mode-specific and multimodal transportation risk 
analyses. Each student is expected to work on a specific transportation safety problem of his/her 
interest, and identify, assess and mitigate the risk. 

 
This is an advanced, graduate-level class as part of the Transportation Engineering curriculum in 
the Department of Civil and Environmental Engineering (CEE) at the University of Illinois at 
Urbana-Champaign (UIUC).  This course could also be used as one of the core courses for the 
newly developed Societal Risk Management (SRM) cross-disciplinary program in the 
department. This course is being developed as part of the US DOT National University Rail 
Center (NURail) that UIUC is leading to support the aforementioned U.S. DOT safety strategic 
goal.  
 
Objectives: 

 
Introduce transportation risk concepts, risk management framework and risk assessment 
methodologies to address safety and security of freight and hazardous materials transport by 
railways, roads, waterways, pipelines and air.  
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SYLLABUS 
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List of Principal Topics 

 

 Transportation risk management system 

 Structuring decision problem 

 Basic GIS & transportation spatial data 

 Risk assessment techniques 

 Risk communications 

 Rail transportation risk 

 Road transportation risk 

 Highway Safety Manual (HSM) 

 Pipelines transportation risk 

 Inland waterway (barge) transportation risk 

 Maritime transportation risk 

 Aviation transportation risk 

 Risk reduction strategies 

 Hazardous materials consequence models 

 Transportation security considerations 

 Passenger and transit safety issues 

 Other advanced topics in transportation risk analysis 

 

Reading Materials: 

 

Selected industry publications and journal articles related to the course topics 
 

Grading Weights: 

 

 Term project: 60 % (abstract 5%, mid-term draft presentation 15%,  
final presentation 40%)  

 Homework and group assignments: 30% 

 Class participation: 10% 
 

CEE Honor Code 

 
To foster and promote integrity among students, the CEE Honor Code was developed with input 
from several CEE undergraduate organizations, the CEE Graduate Student Advisory Committee, 
and the CEE Graduate Affairs Committee.  You (the student) commit to honor the code each 
time you sign an exam, and implicitly whenever you sign homework or other class assignments. 
 
The CEE Honor Code pledge is the following: 
 
I pledge to uphold the highest levels of professional and personal integrity in all of my actions, 
including 1) never assisting or receiving unfair assistance during exams, 2) never assisting or 
receiving assistance on class assignments beyond that specified by an instructor, and 3) always 
fully contributing to group activities that are part of a course activity.   
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U
niversity of Illinois at U

rbana-Cham
paign 

D
epartm

ent of Civil and Environm
ental Engineering 

CEE 498 TSR 
 Transportation Safety and Risk 

Consequence Estim
ation Tutorial:  

Population potentially affected by a hazm
at release event 

A
uthor: Jesus A

guilar Serrano 
G

raduate Research A
ssistant 

O
bjective: 

Estim
ate the consequences of a hazardous m

aterial release event in term
s of population potentially 

affected along a route from
 Chicago to Springfield through Cham

paign. 

D
ata used: 

≠
rail_lines.shp 

≠
U

SCensus_2010.shp 

≠
place.shp 

M
ethodology: 

1)
G

et the data from
 different sources. In this exam

ple, all data is provided by Com
pass2g but it 

has been obtained from
 governm

ental agencies as the N
ational Transportation A

tlas D
atabase 

(N
TA

D
) or the Census Bureau. 

2)
O

pen a blank m
ap and load all the data. 

 Click on this button to load the data. 

 

A
fter loading the three layers, turn off census and points. 
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3)
U

sing Selection by attributes, select the netw
ork of interest. In this tutorial, M

ain lines in Illinois 
are selected. 

 
 

Right-click on rail_lines and click on Export D
ata 

Export data to a new
 shapefile nam

ed IL_M
_Lines.shp 

 
 

4)
Create N

ew
 N

etw
ork: 

A
ctivate N

etw
ork A

nalyst extension by clicking in Custom
ize -> Extension -> N

etw
ork A

nalyst. 

G
oing to Catalog, right-click on our netw

ork (IL_M
_Lines.shp) and click on 
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 Leave all default values except for nam

e (in case you w
ant to change it), turns (select no), and directions 

(select no), and click finish.  

 
 

 

Build the netw
ork and add the inform

ation to the m
ap. 

 

5)
Select the origin and destination cities using the attribute table of places.shp and export them

 to 
a new

 layer using Export D
ata. In this case, the route goes from

 Chicago to Springfield through 
Cham

paign. 
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6)
Calculate the route using N

etw
ork A

nalyst: 

Click on N
ew

 Route and open the N
etw

ork A
nalyst W

indow
 clicking on 

 

 

(If the toolbar is not visible, you can right click on Custom
ize -> Toolbars -> N

etw
ork A

nalyst) 

Right click on Stops(0) -
-> Load from

: Cities_on_route -> O
K 
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Click on 
 to solve the route. 

 

7)
In this case, the route obtained is O

K. In case the route obtained w
as not the route w

e w
ant to 

analyze for any given reason, w
e w

ould repeat the process adding m
ore stops along the route or 

editing the route m
anually. 

8)
U

sing the route obtained from
 N

etw
ork A

nalyst, select from
 rail_lines the route using Select by 
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9)
Export the selection to a new

 layer nam
ed Chi_Spr_route.shp using Export D

ata. 
10)

Create a buffer layer nam
ed Chi_Spr_route_buffer.shp w

ith 0.5 m
iles around the route. 

 
 

11)
Intersect the U

SCensus_2010 and Chi_Spr_route_buffer layers. The new
 layer w

ill be nam
ed as 

Chi_Spr_route_intersect.shp 
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12)
G

o to Catalog and right-click on Chi_Spr_route_intersect -> A
ttribute table -

 

 

13)
Introduce tw

o new
 fields: N

ew
_area and N

ew
_pop. Both are D

ouble type. Click O
K. 

14)
Scroll to the right and right-click on N

ew
_area -
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N
ote that m

ay be needed to m
ake a projection to be able to calculate the area. 

15)
Right-click on N

ew
_pop -> Field Calculator. Type the equation show

ed in the follow
ing picture 

and click O
K 

 
 

16)
Right-click on N

ew
_pop -> Sum

m
arize

 the population and the area according to buffer id 

 



9 
 

17)
Select FRA

A
RCID

 to sum
m

arize the population and the area, and save the table nam
ed 

Chi_Spr_Table.dbf 

 

18)
Right-click on Chi_Spr_route and click on 

 then fill out the Join m
enu like in the picture 

bellow
. 
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19)
U

sing Export D
ata, w

e export Chi_Spr_route to save the new
 attribute table. The new

 layer is 
nam

ed Chi_Spr_route_info.shp and contains the inform
ation about our analysis. 

20)
Introduce three new

 fields: A
ve_pop_density, A

rea_A
ffected and Pop_A

ffected. Both are D
ouble 

type. Click O
K 

21)
Right-click on A

ve_pop_density -> Field Calculator. Type the equation show
ed in the follow

ing 
picture and click O

K 

 

22)
Right-click on A

rea_A
ffected -> Field Calculator. Type the equation show

ed in the follow
ing 

picture and click O
K 
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23)
Right-click on Pop_A

ffected -> Field Calculator. Type the equation show
ed in the follow

ing 
picture and click O

K 
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24)
U

sing Sym
bology w

e can represent the population distribution along the route. 

 

 

25)
The final deliverable w

ould be the layer nam
ed Chi_Spr_route_info.shp, w

hich contains the 
population affected by segm

ent along our route. 
26)

The end
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Figure 2. Less-than-truckload process map.
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The HSM and Other Documents 
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HSM  
 

Content 
and 

Structure 
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Vol. 1 (Part A) 
Introduction 

Human Factors 
Fundamentals  

Vol. 3 (Part D)  
Crash Modification 

Factors (CMFs) 

Vol. 1 (Part B)  
Roadway Safety 

Management 
Process 

Vol. 2 (Part C) 
Predictive Method 

Part 
A 

Part 
B 

Part 
C 

Part 
D 

Introduction and 
Overview (Ch. 1) 
Human Factors (Ch. 2) 
Fundamentals (Ch. 3) 
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HSM Vol. 1 (Part A)  
Knowledge Building 

Professional staff and consultants 
Safety partners (law enforcement, medical) 
External stakeholders 
General public 
Elected officials 

Vol. 1 (Part A)  
Valuable Safety Education 

Road Safety Audit 
expertise 
Design engineers and 
traffic engineers 
Public information 
programs for projects  

Vol. 1 (Part A)  Chapter 3 
Highway and traffic 
safety fundamentals  
Common definitions, 
terminology  

Vol. 1 (Part A)  Chapter 2 
Human factors safety 
fundamentals  
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Road Safety Management 
Process 

Network Screening (Ch. 4) 

Diagnosis and Countermeasure Selection 
(Ch. 5 & 6) 

Economic Appraisal and Prioritization 
(Ch. 7 & 8) 

Safety Effectiveness Evaluation (Ch. 9) 

Part 
A 

Part 
B 

Part 
C 

Part 
D 

Vol. 1 (Part B) Programming  
and Policy Implementation 

Identification of sites 
for potential crash 
reduction 
Crash pattern analysis 
Best solutions  
Resource allocation 
Measuring success 
Improvement over 
time 

Network Screening 

Diagnosis and 
Countermeasure Selection 

Economic Appraisal and 
Prioritization 

Safety Effectiveness 
Evaluation 



Part 
A 

Part 
B 

Part 
C 

Part 
D 

Methodology 
Safety Performance Functions 
Crash Modification Factors 
Calibration 

Applications 
Example problems  
References 
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Predictive Methods 

Part 
A 

Part 
B 

Part 
C 

Part 
D 

Rural Two-lane 
Roads (Ch. 10) 
 
 
Rural Multi-lane 
Roads (Ch. 11) 
 
 
Urban Suburban 
Arterials (Ch. 12) 
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Part C Facilities  



Part 
A 

Part 
B 

Part 
C 

Part 
D 

Common Procedures Appendix: 

Calibrating predictive methods 
Empirical Bayes -combining 
predicted with observed crashes   
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Predictive Methods 

Roadway segments (Ch. 13) 
Intersections (Ch. 14) 
Interchanges (Ch. 15) 
Special facilities and geometric 
situations (Ch. 16) 

 

1-23 

Crash Modification Factors 

1

Part 
A 

Part 
B 

Part 
C 

Part 
D 



Vol. 2 (Part C) and Vol. 3 (Part D)  
Project Development   

Two-Lane to Four-Lane  
Corridor Studies 

Vol. 2 (Part C)  -- Chapter 10 
Establish purpose and 
need 
Assess performance of 

-  
Vol. 2 (Part C)  Chapter 11 

Evaluate and compare 
safety performance  of 
alignment and cross 
section alternatives 
Estimate performance of 

 
Calculate benefits (crash 
reductions) of preferred  

 



Urban Arterial Corridor Studies 

Vol. 2 (Part C) -- Chapter 12 
Establish purpose and 
need 
Assess safety 

-  
Vol. 2 (Part C)  Chapter 12 

Evaluate safety 
performance of cross 
section and access 
alternatives  
Estimate safety 
performance of preferred 

 
Calculate benefits (crash 
reductions) of preferred 
versus no-build 

3
5 

Score for Alternative A 

Criterion 
Score 

ALTERNATIVE C 

120 

70 

125 

315 

erion 

ALTERNATIVE CALTERNATIVE C 

Multi-Objective Resource Allocation  
Decision Tool for Complex Projects 

X 

Criterion Performance  
Measures 

Measured 
Value 

Weight 

= 

= 

= 

3
5 

Score for Alternative A 

1

77

11111

33

Criterion 
Score 

ALTERNATIVE B 

240 

315 

11111
100 

655 

o
C ite

cco

11111

C itee

erion 

ALTERNATIVE B ALTERNATIVE B 

C 3 
3 X 40 

2 X 35 

Score for Alternative C 

Affordability 

Reduce 
Congestion 

Economic 
Development C 3 X 

Criterion Performance  
Measures 

Measured 
Value 

6 X 40 = 

9 X 35 = 

4 25 X = 

Score for Alternative B 

Affordability 

Reduce 
Congestion 

Economic 
Development 

C 3 X 3
5 

Score for Alternative A 

22

33333

65

Criterion Performance  
Measures 

Measured 
Value 

Weight Criterion 
Score 

ALTERNATIVE A 

7 X 40 = 280 

6 X 35 = 210 

4 25 X = 100 

590 Score for Alternative A 

Affordability 

Reduce 
Congestion 

Improve  
Safety 

Where does 
the input 
for this 
criterion 
come from? 

o

0

Crite
oo

CCrriittee

Criterion Performance  Measured Weight Criterion 

ALTERNATIVE A ALTERNATIVE A 



Interchange Warrant Studies  
(Rural Multilane Highways) 

 Vol. 2 (Part C) - Chapter 11 
Establish purpose and need 

-  
 Vol. 3 (Part D)  Chapter 15 

Estimate conversion performance  
 

Calculate conversion benefits (crash 
reductions)  
 
 
 

Intersection Signal Warrant  
Program Implementation 

Vol. 1 (Part B)  
Prioritize warranted signal  

   implementation 

Vol. 2 (Part C) and Vol. 3 (Part D) 
Confirm positive benefits of implemented 
signals; including alternative phasing 
plans 
Compare signalization with roundabout 
implementation for warranted locations 
 



Rural Highway Safety Program 
Development and Implementation 
Rumble strip applications 
Cable median barrier 
implementation 
Shoulder paving and 
improvement initiatives 
Guardrail upgrade programs 

Vol. 1 (Part B) 
Chapter 4 - screen network 
(e.g., 5% locations) for 
candidate sites 
Chapters 5 and 6  estimate 
countermeasure effectiveness 
Chapters 7 and 8  program 
and prioritize 
Chapter 9  validate and 
improve program 

Vol. 3 (Part D)  
Chapter 14 - effectiveness of 
Intersection-related programs 
Chapter 15 - effectiveness of 
road segment related 
programs 



The Value of the HSM  

Provides proven and vetted science-based 
approach to quantifying safety effects of 
decisions and actions we contemplate 
Provides common knowledge base, language 
and basis for reasoned safety judgments 
Allows incorporation of safety to same level of 
importance as other factors 
Does not increase risk of tort liability 
 

  

 
It does not force or require you to 

do anything, it merely helps you do 
a better job 

 

Companion Software and Websites 

HSM Part Supporting Tool 
Part B:  
Roadway Safety 
Management Process 

SafetyAnalyst 
www.safetyanalyst.org 

Part C:  
Predictive Methods 

IHSDM 

www.ihsdm.org 

Part D:  
Crash Modification 
Factors 

FHWA CRF/CMF 
Clearinghouse 
www.cmfclearinghouse.com 
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HSM Website www.highwaysafetymanual.org 
AASHTO 

Kelly Hardy: khardy@aashto.org   

AASHTO JOINT TASK COMMITTEE FOR THE HSM  
Don Vaughn, ALDOT, vaughnd@dot.state.al.us 
Priscilla Tobias, IDOT, Priscilla.Tobias@illinois.gov  

FHWA 
Mike Griffith, mike.griffith@dot.gov  
Ray Krammes, Ray.Krammes@dot.gov   

TRB Highway Safety Performance Committee 
John Milton, WSDOT, miltonj@wsdot.wa.gov 
 

Resources and Contacts 
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MODULE 2.  
HSM FUNDAMENTALS AND TERMS  

HSM Vol. 1 (Part A): Chapters 2 & 3 
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Learning Outcomes 

Overview of HSM key concepts:  
Measuring safety by crashes  
Data needs  
Evolution of crash estimation methods 
Predictive methods 
Evaluating safety effectiveness  
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The HSM uses crashes 
as a measure of 

safety 
 
 
 
 
 
 
 
 

What is 
Safety?  
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Measuring Safety 

SUBJECTIVE SAFETY 
Perception 
Values vary among 
observers 

OBJECTIVE SAFETY 
Quantifiable 
Independent of the 
observer 
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>> 0     >> 1     >>  2     >>  3     >>  4   >> 

Crashes 
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>> 0     >> 1     >>  2     >>  3     >>  4   >> 

Random Events 
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Rare Events 
Relative Proportion of Crash Events 

2-41 



Contributing Factors  

2-42 

Crash Events 

2-43 



Haddon Matrix  

PERIOD Contributing Factor 

Human Vehicle Environment 
Before 
crash 
During 
crash 
After 
crash 

2-44 

A 

B 

C 

O 

K 

Crash Severity 
Categories in the HSM 
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A 

B 

C 

O 

K K crash 

 
One or more persons died 
within 30 days of the crash  
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A 

B 

C 

O 

K A crash 

 
Incapacitating injury  
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A 

B 

C 

O 

K B crash 

 
Non-incapacitating evident injury  
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A 

B 

C 

O 

K C crash 

 
Possible injury  
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A 

B 

C 

O 

K O crash 

 
No injuries - reportable 

property damage resulted from 
crash  
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A 

B 

C 

O 

K Crash Severity 

Most severe injury controls 
level of crash severity 
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Number of Crashes 
 

Number of Years  

Crash 
Frequency  
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Forecast / Predict  
Crash Frequency 

Crash 
Estimation  
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Estimate  
expected average 
crash frequency  

 
given  

 
a specific 

geometric design, 
traffic volumes, 
and a given time 

period 
 

Predictive 
Methods   

Part C  

2-54 

Expected Average Crash Frequency 

Crash Frequency = Short Term Measure 

2-55 



Crash Evaluation  

Effectiveness After Implementation  

2-56 

1. Crash data 
2. Facility data  
3. Traffic volume 

data 

Data Needs 
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Data Needs Guide  
NCHRP Research Results Digest 329 

2-58 

 

MMUCC 

www.mmucc.us 

 

MIRE 

www.mireinfo.org 
 

National Programs 

Crash Data Roadway Data  
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1. Quality and 
accuracy 

2. Reporting 
thresholds 

3. Severity 
indeterminacy 

4. Jurisdiction 
differences 

Observed 
Crash Data 
Limitations 
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1. Natural crash 
frequency 
variation 

2. Roadway 
variations 

3. Crash frequency 
variability and 
changing site 
conditions  

4. Regression-to-
the-mean and 
bias 

 

Limitation:  
Randomness 
and Change 
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Years

O
b
se

rv
e
d
 C

ra
sh

 F
re

q
u
e
n
cy

 

Short Term 
Average Crash 

Frequency

Short Term 
Average Crash 

Expected Average 
Crash Frequency 

Short Term 
Average Crash 

Natural Variability  
in Crash Frequency 
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RTM Bias 
If we do not 

account for RTM, 
we cannot say the 
crash difference is 

due to the 
treatment 

 

Regression-to-
the-Mean 

(RTM) 
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RTM Example 

Consider Site 
Changes Over Time: 

 
 Traffic volume 
 Weather 
 Traffic control 
 Geometric design 

Roadway and 
Environment 

Variation 
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Conflicts with 
Changing Site 
Conditions: 

 
Use predictive 

methods in Part C 
to estimate crash 

frequency  

Crash 
Frequency 
Variability 
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Evolution of Crash Estimation 

Improvements in  
statistical sophistication and  

changes in thinking 
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1. Observed Crash 
Frequency and 
Crash Rate 
Methods 
 

2. Indirect/ 
Surrogate Safety 
Measures 
 

3. Statistical 
Methods 

Methods 
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Crash Rate 
Average Crash 

Frequency in a Period 
Exposure in the Same 

Period 

1.  
Observed Crash 
Frequency and 

Crash Rate 
Methods 
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1. Observed Crash Frequency  
and Crash Rate Methods 

Advantages 
Intuitive 
Acceptance 
Limited alternatives 

 

Limitations  
Assumes a linear relationship between crash 
frequency and exposure  
Inability to account for changes in geometric design 
and volumes and cannot compare design alternatives  
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Example for Crash Rates  

Before 
Year No. 

Crashes 
AADT Rate 

1988 13 2,900 2.11 

1989 11 2,900 1.79 

1990 13 3,050 2.01 

1991 23 3,400 3.19 

Average Rate = 2.28 

After 
Year No. 

Crashes 
AADT Rate 

1992 30 10,618 1.33 

1993 30 13,200 1.07 

1994 36 14,300 1.19 

1995 40 13,900 1.36 

Average Rate = 1.24 
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Crash Rate Conclusion? 

2-72 

Based on events 
preceding crashes 
 
Presume causal link to 

expected crash 
frequency 
 
Conflict study 
 
Data are available but 

unproven relationship 
between surrogate 
measure and crash 
estimation 

2.  
Indirect/ 
Surrogate 

Safety Measures 
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RTM Bias 

3.  
Statistical 
Methods 

2-74 

Reliably Estimate 
Expected Average 
Crash Frequency 
for: 
 
Existing projects 
Design projects 

3.  
Statistical 
Methods 
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Model Reliability  
Function of: 
 

 
Local data model 

calibration 

3.  
Statistical 
Methods 
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1. Empirical Bayes 
(EB)  

2. Hierarchical 
Bayes 

3. Full Bayes  

3.  
Statistical 
Methods 

2-77 



Content 
 Overview 
 SPFs 
 CMFs and CRFs 
 Calibration 
 Weighting with EB 
 Limitations 
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Part C  
Predictive 

Method 

Predictive Method Elements 
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Predictive Method Advantages 

RTM bias 
Predictive relationships  
Non-linear relationship: crashes and 
exposure 
Negative binomial distribution 
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SPF Example 
Condition  

 2-lane rural  
  highway  
 12-ft lanes 
 6-ft shoulders 
 Level terrain  
 Clear, level roadside 

Base 
Condition 
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Product of 
Statistical Modeling 

Process 
 Mathematical 

  expression  
 Used to estimate 

  predicted average 
  crash frequency for 
  base condition 

 

Safety 
Performance 

Function 
 

SPF 
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Crash-Volume Relationship 
Can Be Non-Linear 

AADT

C
ra

sh
 F

re
qu

en
cy
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SPFs 

Calibrate SPFs for LOCAL conditions 
Weight with EB Method 
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Expected Crashes 
= CMF x  

(base condition crashes) 
 

You can remember it as 
 

 
 

Crash 
Modification 

Factor 
 

CMF 
 

a''conditionwithfrequencycrash averageExpected
b''conditionwithfrequencycrash averageExpected

CMF ≅
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CMF Example 

 
Expected crashes 
= CMF x (base condition crashes) 
= 0.9 x (base condition crash frequency)  
 

 

CMF = 0.90 
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 Represents a 10% 
 Reduction in Crashes 

CMF 

Expressed as:  

CMF  SE 

 SE = standard error 
 
 Used to determine low, medium, and 

   high confidence interval for CMF 
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CMF and Vol. 2 (Part C) 

NSPF = Estimated crash frequency 
                  from SPF for base condition 

CMFix  = Crash modification factors 

CX = Calibration factor 

xyx2x1xx SPFpredicted C)CMF...CMF(CMFNN ∂∂∂∂∂≅
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 Known base 
  conditions 
  
 Setting and road 

  type 
 
 AADT range 

 
 Crash type and 

  severity 

Apply CMF 
ONLY if: 
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 Portion crash frequency 
will reduce 
 
 CRF=0.20 represents a  

 20% reduction in crashes 
 
 For an initial crash 

count of 100, the average 
estimated crash count is 
80 after installation 

Crash 
Reduction 

Factor 
 

CRF 
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HSM  
Statistical Methods Application  

Expected average crash frequency 
Calibration need  
Engineering judgment 
Crash data errors and limitations 
Development of SPFs and CMFs requires 
skill / knowledge  
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1. Observational 
before-after 
studies 

2. Observational 
cross-sectional 
studies 

3. Experimental 
before-after 
studies  

 

Effectiveness 
Evaluation 

Effectiveness Evaluation Policy Development Future Decision Making 

2-92 

Observational Before-After Study 

Estimate expected average crash 
 

Adjust for change in conditions in the 

been applied 

Result: Estimate the safety of the 
treatment  
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Observational  
Cross-Sectional Study 

Compare sites with and without 
treatment over same time period 

2-94 
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