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Highway 
Safety Manual 
and Crash 
Modification 
Factors

How to use the Highway Safety Manual and Crash Modification Factors

Highway Safety Manual
o What is the Highway Safety Manual (HSM)?

o How is the HSM intended to be used?

o What’s in the HSM?

Crash Modification Factors
o What is a Crash Modification Factor (CMF)?

o How do we use CMFs?

o Example application

Additional Resources
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1 Highway Safety Manual
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Research behind the Highway Safety Manual
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What is the Highway Safety Manual?

Provides the best factual 
information & tools (CMFs, SPFs 
& traffic data)

Facilitates explicit safety 
consideration in 

oPlanning
oDesign
oOperations  
oMaintenance

Goals and targets for reducing 
crashes
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What the HSM is not

Does not set requirements 
or mandates

Not a best practice 
document for design or 
operations

Contains no warrants or 
standards and does not 
supersede other 
publications that do

Does not establish a legal 
standard of care nor 
create a duty to the 
public

versus
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*Ezra Hauer, ITE Traffic Safety Toolbox Introduction, 1999

Why is the HSM needed?
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Nominal vs. Substantive Safety
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How do we measure safety performance?

Number of crashes in any given time is unpredictable, however
The average expected number of crashes can be predicted9

Example Applications of the Highway Safety Manual

Network Screening / Ranking

Safety Reviews and Audits

Cost / Benefit Analysis

Value Engineering

Transportation Policies: Speed limits, Right-turn on Red, etc.

Strategic Road Safety (safety management)

Evaluation of Safety Measures
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Outline of the HSM
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2 Part A of the Highway Safety Manual

Introduction, Human Factors, and 

Fundamentals
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Chapter 2: Human Factors

• Driving Task 
Model

• Driver 
Characteristics 
and Limitations

• Positive 
Guidance

• Road Design 
and the Driver
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Which Lane for 401 West?
Why do Drivers get Confused?

1 2 3 4

2+ 1+ 2 = 5
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Lane Designation- After
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Human Factors Example

Divided 4-lane Highway Intersection

Stop Bar

Stop Sign

Driver’s Attention
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3 Part B of the Highway Safety Manual 

Roadway Safety Management Process
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PART B

6 7 8

ROADWAY SAFETY MANAGEMENT PROCESS (Tools)ROADWAY SAFETY MANAGEMENT PROCESS (Tools)
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Safety Management Process
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Relationship between the Countermeasure and Goal

20

Network Screening Process
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4 Part C of the Highway Safety Manual 

Predictive Method
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Crash Data as a Function of Segment Length and Traffic Volume

Segment length (m)

Traffic volume 
(AADT) 

Property damage 
only (PDO) crashes 
on collectors in an 
urban environment
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Crash Data with a Safety Performance Function

The Safety 
Performance 
Function describes 
the best fit 
relationship 
between AADT, 
segment length, and 
crashes. 

We can use it to 
rank locations in 
terms of the their 
potential for a 
safety improvement
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HSM - Four-leg STOP controlled (4ST) Intersections (Equation 10-9)
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5 Part D of the Highway Safety Manual

Crash Modification Factors
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What is a Crash Modification Factor (CMF)?

A CMF is a 
multiplier
representing the 
expected change in 
crashes

o A CMF of 0.75 
means a 25% 
reduction in 
crashes

o A CMF of 1.20 
means a 20% 
increase in 
crashes

December 2007FHWA 2727

CMF Example

Remove or relocate 
fixed objects 
outside the clear 
zone

X 0.62
CMF

Expected crashes 
without treatment

Expected crashes 
with treatment
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Applying CMFs

CMFs are useful estimates, but it remains 
necessary to apply engineering judgment and 
to consider site-specific environmental, traffic 
volume, traffic mix, geometric, and operational 
conditions which will affect the safety impact 
of a countermeasure. 

A CMF should not be applied without 
consideration of the unique characteristics of 
the site and understanding the data used to 
generate the CMF.

For example, a CMF generated using data from 
Florida may or may not be applicable to winter 
related crashes in Ohio. 
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CMF Example Application

Rural, stop controlled intersection
2005 to 2009 collision data
1 fatal crash
5 injury crashes
11 property-damage-only crashes

Conduct benefit-cost analysis for three 
scenarios:
-Do nothing
-Signalize
-Roundabout

Consider a 20 year timeframe
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Forecast the Number of Crashes

For the next twenty-years, how many crashes are 
expected for the “ Do nothing”  scenario

Ideally, apply a safety performance function 
(non-linear).

Alternatively, use the average number of crashes 
from the before period and increase based upon 
the forecasted traffic volume (assume a linear 
relationship).

31

Highway Safety Manual (Table 4-7, page 4-29)

Multiply by the Societal Crash Costs

Severity Comprehensive 
Crash Cost
(2001 Dollars)

Weight

Fatal (K) $4,008,900 542

Injury Crashes (A/B/C) $     82,600 11

PDO (O) $       7,400 1
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Select Appropriate CMFs for Each Scenario - Signalization
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CMF 
Clearinghouse 

Value

Best Value for 
Midwest states

http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_617.pdf

Select Appropriate CMFs for Each Scenario - Roundabout
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http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_572.pdf

Convert to Present Value

What would you rather have, $20 today or $20 in 
five years?

Convert to present value formula:

Where i = interest rate
n = number of years

35

CMF Example Methodology

1. Forecast traffic volumes for the next 20 years
2. Predicted the number of collisions (either 

using a SPF or the observed number of 
collisions).

3. Use CMFs to modify the predicted number of 
collisions for each scenario.

4. Apply the cost of collisions by total or by 
impact type

5. Determine the construction and maintenance 
costs for each scenario

6. Convert future costs and benefits to present 
value

7. Calculate the ratio of the benefits to the 
costs

36
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6 Additional Resources
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Tools Supporting HSM Use

HSM Part Supporting Tool
PART A: 
Introduction, Human Factors, 
and Fundamentals

PART B: 
Roadway Safety Management 
Process

NCHRP Report 600

Human Factors Guide
http://www.trb.org/Main/Blurbs/Human_Factors_Guidelines_f

or_Road_Systems_159691.aspx

SafetyAnalyst
www.safetyanalyst.org

IHSDM
www.ihsdm.org

CMF Clearinghouse
www.CMFClearingHouse.org

PART C:
Predictive Methods

PART D: 
Crash Modification Factors
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CMF Clearinghouse
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Questions?

Maurice Masliah, Ph.D.

HDR
100 York Boulevard 
Suite 300
Richmond Hill
Ontario L4B 1J8

Maurice.Masliah@hdrinc.com

phone: (905) 882-4100 x 5295
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