
CMF Training
Standardizing Safety



The Why

• To provide an estimate of the effectiveness of crash 

countermeasures used or considered for use by KDOT

• To create consistency in safety analyses and crash reduction 

estimates across KDOT, local agencies, and consultants
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Module Breakdown

Module 1:  CMF 101

Module 2:  CMF List Development and Use

Module 3:  Limitations of the CMF Lists and CMFs

Module 4:  Selecting and Applying CMF

Module 5:  Crash Modification Functions and Spreadsheet Tools

Module 6:  Using CMFs for Countermeasure Alternative Comparisons

Module 7:  Combining CMFs
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Module 1:
CMF 101

Source: https://biowastecenter.com/asphalt/



CMFs are developed through research comparing 
locations with and without the selected treatment 
or locations before and after the selected 
treatment is implemented. 

Crash Modification Factor (or Function) 
describes the percent of existing crashes that are 
expected to remain after a specific safety 
treatment or change to the roadway 
environment.

•  CMFs < 1.0 = crash reduction
•  CMFs > 1.0 = crash increase

What is a CMF?
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Crash prediction:
CMFs can be used as modifiers in safety performance 
functions to estimate the expected number of crashes at 
a specific location with specific characteristics.

Comparison of safety treatment alternatives: 
CMFs can be used in cost-benefit analyses to estimate 
which treatments will provide the greatest crash 
reduction per dollar of investment.

How are CMFs used?
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• Crash Reduction Factor (or Function) - describes the percent 

reduction in crashes expected as a result of a specific safety 

treatment or change to the roadway environment. This is the inverse 

of a CMF.

• Safety Performance Function (SPF) – a statistical equation used to 

estimate the expected number of crashes at a roadway facility based 

on its traffic volume and physical characteristics.

• Benefit Cost Analysis – a structured way to compare 

countermeasures by comparing total benefits to total costs in dollar 

terms

Common Terminology
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• Crash Types – The manner of collision or non-collision resulting in a 

crash.

• Examples: angle crash, run off the road, single vehicle, head-on, 

pedestrian, bicycle

• KABCO Scale – Injury severity rating scale

• Crash severities
• K – Fatal 
• A – Disabled (Incapacitating)
• B – Injury, Non-incapacitating 
• C – Possible Injury
• O – Not injured / Property Damage Only

• State Selected CMF Lists– an official list of CMF values published by 

a state DOT 

Common Terminology
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Where do you find CMFs?

• CMF Clearinghouse 
• Highway Safety Manual
• FHWA 

• Proven Safety Countermeasures
• Safe Transportation for Every Pedestrian 

(STEP) 
• NCHRP Research Reports
• K-TRAN – Kansas Transportation Research 

and New Developments
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https://cmfclearinghouse.fhwa.dot.gov/
https://cmfclearinghouse.fhwa.dot.gov/
https://cmfclearinghouse.fhwa.dot.gov/
https://cmfclearinghouse.fhwa.dot.gov/
https://highways.dot.gov/safety/proven-safety-countermeasures
https://highways.dot.gov/safety/proven-safety-countermeasures
https://highways.dot.gov/safety/pedestrian-bicyclist/step/resources
https://highways.dot.gov/safety/pedestrian-bicyclist/step/resources
https://highways.dot.gov/safety/pedestrian-bicyclist/step/resources
https://nap.nationalacademies.org/trb/144/national-cooperative-highway-research-program-research-report
https://nap.nationalacademies.org/trb/144/national-cooperative-highway-research-program-research-report
https://kdotapp.ksdot.gov/KdotLib/Kdotlib2.aspx
https://kdotapp.ksdot.gov/KdotLib/Kdotlib2.aspx
https://kdotapp.ksdot.gov/KdotLib/Kdotlib2.aspx
https://kdotapp.ksdot.gov/KdotLib/Kdotlib2.aspx


Benefits of having a State-Approved CMF List

Consistency among users

Selected CMFs are the best 
fit for the state

Easier to compare crash 
benefit/cost of alternatives
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Module 2
CMF List Development & Use



CMF Lists

• Curated set of countermeasures with 
their CMFs

• CMFs on the list evaluated for
• Quality and reliability
• Relevance
• Consistency 
• Applicability

• Benefits of a CMF list:
• Efficiency
• Consistency
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CMF Evaluation Matrix

Evaluation criteria
• Reliability 
• Applicable
• Kansas-grounded
• Age of research
• Broadly adopted
• Granularity
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Two Lists: Planning and Project
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Level Planning (Level 1) Project (Level 2)

Application Use

Statewide X X

Regionwide X X

Planning Level X

Site Specific X

Breakdowns Available

Crash Severities X X

Area Type X X

Facility Type X X

Crash Type General Advanced

Equations X

Spreadsheet Tools X



Example

Convert from minor-road stop-controlled intersection to all-way stop 
controlled. MUTCD warrants are met. 
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Existing Proposed



Level 1 (Planning) Level 2 (Project)

• Urban

• All Crash Types, Fatal and Injury: 0.3

• Right Angle Crashes, All Crash Severities: 
0.25

• Rear End Crashes, All Crash Severities: 
0.82

• Pedestrian Crashes, All Crash Severities: 
0.57

• Rural

• All Crash Types, All Crash Severities: 0.52

Example

• Urban

• All Crash Types, Fatal and Injury: 
0.3

• Rural

• All Crash Types, All Crash 
Severities: 0.52
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Countermeasure Categories 
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Pedestrian / Bicycle / Traffic Calming

Roadway / Structure Intersection

Roadside
Photo Source: FHWA

Photo Source: FHWA
Photo Source: FHWA

Photo Source: FHWA



Using the Lists
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Using the Lists
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Using the Lists
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Using the Lists
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Using the Lists
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Using the Lists
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Using the Lists
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Using the Lists
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• Project Level

• Crash modification functions

• Spreadsheet tools

• Crash type

• Crash severity level

CMF List Level 2
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Using the Lists
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Using the Lists
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Using the Lists
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Using the Lists
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Module 3
Limitations of the CMF Lists and CMFs



CMF List is limited

CMF List
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CMFs List is living



Finding a CMF
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What to do when the CMF is not on the list.
• Notify KDOT Safety Bureau via the KDOT#CMF@ks.gov 

email
• Look for CMFs that meet the definition of your 

countermeasure.
• Look at the reliability of the countermeasure
• When was the study conducted?
• Look for CMFs that were conducted in the Midwest, 

with preference towards Kansas

mailto:KDOT#CMF@ks.gov


CMF may not be appropriate for the specific conditions to 
which it is being applied. 
Examples:
• Applying a CMF for a 4-leg intersection to a 3-leg intersection

• Applying a CMF to a segment with volumes outside the specified range

• Applying a CMF to a site with different base conditions than the research sites

Considerations when using CMFs
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CMFs can become outdated.
• As vehicle characteristics change (such as size, weight, crash avoidance 

technologies), the likelihood and severity of crashes related to design elements 
and treatments can change.

• Typical base conditions may also change over time as design standards change.



CMFs are based on the application of one treatment
• Treatments may be less effective if other safety treatments are already in 

place
• Treatment crash reduction benefits may not be additive or multiplicative 

when applying multiple treatments at once

Considerations when using CMFs
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CMFs may be unreliable
• Based on research methodologies that are not statistically rigorous
• Based on a small number of study sites

Document, document, document!
• When the desired CMF doesn’t exist and a substitute is used
• When base conditions don’t align
• When making assumptions about combining countermeasures



Module 4
Selecting & Applying a CMF



Level 1: Selecting and applying a CMF
Scenario:

The County is looking to upgrade the roadway. In the last ten years, 
there have been 46 crashes, two of which resulted in fatalities. The 
County has received feedback that the pavement markings are 
challenging to see. This roadway frequently experiences wet 
conditions.

10 Year Crash Data

Injury Severity Total

K (Fatal) 2

Total 46
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Level 1: Selecting and applying a CMF
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Level 1: Selecting and applying a CMF
Scenario:

The County is looking to upgrade the roadway. In the last ten years, there have 
been 46 crashes, two of which resulted in fatalities. The County has received 
feedback that the pavement markings are challenging to see. This roadway 
frequently experiences wet conditions.

10 Year Crash Data
Injury Severity Total
K (Fatal) 2
Total 46

Selection:

The user observes that the current pavement markings aren’t providing the intended safety benefit and identifies three 
ways to amplify their presence – Widen Edge Line Width, Install Wet Pavement Markings, and Shoulder Rumble Strips.

Due to the frequent wet conditions, the user selects the countermeasure “Install Wet Pavement Markings”. 

Application:

Total Crashes * CMF = Expected Number of Crashes After Implementation

46 * 0.825 = 38 
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Module 4b
Selecting & Applying CMF – Level 2
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Level 2: Selecting and applying a CMF
Scenario:

The County is upgrading existing pavement markings from standard marking materials to wet-reflective 
markings applied as paint, tape, or thermoplastic material along a multilane road. This roadway 
experiences a particularly significant amount of run off road crashes.

10 Year Crash Data

Injury Severity Run Off Road Total

K (Fatal) 2 2

A (Severe Injury) 6 8

B (Minor Injury) 2 6

O (Property Damage Only) 12 30

Total 22 46
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Level 2: Selecting and applying a CMF
Scenario:

From standard marking materials to wet-reflective markings
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Level 2: Selecting and applying a CMF
Scenario:

The County is upgrading existing pavement markings from standard marking materials to wet-reflective markings 
applied as paint, tape, or thermoplastic material along a multilane road. This roadway experiences a particularly 
significant amount of run off road crashes.

Crashes * CMF = Expected Number of Crashes After Implementation

Run Off the Road Crash Reduction: 22 * 0.538 = 12

    24+12=36 Crashes

10 Year Crash Data

Injury Severity

Run Off 

Road Total
K (Fatal) 2 2
A (Severe Injury) 6 8
B (Minor Injury) 2 6
O (Property Damage Only) 12 30
Total 22 46
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Module 5
Crash Modification Functions & Spreadsheet Tools



Crash Modification Function

Example:

The user wants to change the skew of a two-
lane four leg stop-controlled intersection from 
15 degrees to 0 degrees. 

Source: CMF Clearinghouse



Crash Modification Function
1. Find applicable CMF from CMF 

Lists.
 



Crash Modification Function
2. Find the angle. Note, you measure the angle from the x-axis which is 0. 

 Existing Intersection Skew:
CMF = e^(0.0054*15)=1.08

Proposed Intersection Skew:
CMF=e^(0.0054*0)=1

CMF for going from a 15 degree skew to 0 
degree skew:

After CMF / Before CMF = 1/1.08 = 0.93



Spreadsheet Tools: Widen Paved Shoulder
Scenario:

The City is looking to widen the paved 
shoulder on a Rural Two-Lane roadway. This 
roadway has a ten-year crash history shown 
in the table below. This particular roadway 
has an existing shoulder width of 2’ and an 
AADT of 1,683.

10 Year Crash Data

Injury Severity Run off Road Total

K (Fatal) 0 0

A (Severe Injury) 1 6

B (Minor Injury) 3 9

O (Property Damage Only) 6 20

Total 10 35



Spreadsheet Tools: Widen Paved Shoulder



Spreadsheet Tools: Widen Paved Shoulder, cont.
10 Year Crash Data

Injury Severity

Roadway 

Departure Total
K (Fatal) 0 0
A (Severe Injury) 1 6
B (Minor Injury) 3 9
O (Property Damage Only) 6 20
Total 10 35

Scenario:

The City is looking to widen the paved 
shoulder on a Rural Two-Lane roadway. 
This roadway has a ten-year crash history 
shown in the table below. This particular 
roadway has an existing shoulder width of 
2’ and an AADT of 1,683.



Spreadsheet Tools: Widen Paved Shoulder, cont.
Application:

The user reviews the instructions tab of the spreadsheet tool, then continues on to the “Calculator” tab, in which 
they enter the appropriate project data. The CMF is rounded to 0.80. Applying this CMF of 0.80 to the roadway 
departure crashes results in a predicted 8 roadway departure crashes, reducing the total by 2 crashes.



Spreadsheet Tools: Convert Shoulder Type
Scenario:

The City is looking to change the gravel 
shoulder on a Rural Two-Lane roadway to a 
paved shoulder. This roadway has a ten-
year crash history shown in the table 
below. This particular roadway has an 
existing shoulder width of 6’ and an AADT 
of 1,683.

10 Year Crash Data

Injury Severity

Roadway 

Departure Total
K (Fatal) 0 0
A (Severe Injury) 1 6
B (Minor Injury) 3 9
O (Property Damage Only) 6 20
Total 10 35

Selection:

The user reviews the Approved CMF List for appropriate countermeasures to this project. They see “Convert 
Shoulder Type” references a Spreadsheet Tool, which they open.



Spreadsheet Tools: Convert Shoulder Type

Selection:

The user reviews the Approved CMF List for appropriate countermeasures to this project. They see “Convert 
Shoulder Type” references a Spreadsheet Tool, which they open.



Spreadsheet tools: Convert Shoulder Type, cont.
Application:

The user reviews the instructions tab of the 
spreadsheet tool, then continues on to the 
“Calculator” tab, in which they enter the 
appropriate project data. The CMF is 
rounded to 0.98. Applying this CMF of 0.98 
to the total crashes results in a predicted 
34.3 Roadway Departure crashes, reducing 
the total by 0.7 crashes.



Spreadsheet Tools: Horizontal Curve Flattening
Scenario:

The City is looking to reduce the horizontal 
curve from -5% to -3%. The curve radius is 
12,000. The horizontal curve length is 2 
miles long and has a straight grade. This 
roadway has a ten-year crash history 
shown in the table below and an AADT of 
1,683.

10 Year Crash Data

Injury Severity

Roadway 

Departure Total
K (Fatal) 0 0
A (Severe Injury) 1 6
B (Minor Injury) 3 9
O (Property Damage Only) 6 20
Total 10 35

Selection:

The user reviews the Approved CMF List for appropriate countermeasures to this project. They see “Horizontal / 
Vertical Curve Flattening” references a Spreadsheet Tool, which they open.



Spreadsheet Tools: Horizontal Curve Flattening

Selection:

The user reviews the Approved CMF List for appropriate countermeasures to this project. They see “Horizontal / 
Vertical Curve Flattening” references a Spreadsheet Tool, which they open.



Spreadsheet Tools: Horizontal Curve Flattening, 
cont.



Spreadsheet Tools: Horizontal Curve Flattening, 
cont.

Application:

The user reviews the instructions tab of the spreadsheet tool, then continues on to the “Hcurve Straight Grade” tab, in 
which they enter the existing project data. This yields a CMF value of 1.23. The user then adjusts the conditions to 
match the proposed roadway and yields a CMF value of 1.13. To find the effect of reducing the horizontal curve, the 
user divides the proposed CMF by the existing CMF = 1.13 / 1.23 = 0.919. Applying 0.919 to 35 crashes yields 32.2 
crashes.

Existing Conditions Proposed Conditions



Module 6
Using CMFs for Countermeasure Alternative Comparisons



Using CMFs for Benefit-Cost Analysis

Benefits

• Quantify safety impacts

• Supports data-driven decision 
making

• Enhances transparency and 
defensibility

• Provides common metric

• Facilitates comparison of 
investment returns

Considerations

• Results depend on CMF quality 
and applicability

• Limited treatments

• CMFs represent average effects

• Potential oversimplification of 
complex safety interactions



General Improvement: Selecting a CMF
Scenario:

The City is looking to upgrade the pedestrian facilities at an intersection. The existing conditions contain a 
crosswalk in each direction.

10 Year Crash Data
Injury Severity Pedestrian Total
K (Fatal) 0 0
A (Severe Injury) 1 6
B (Minor Injury) 3 9
O (Property Damage Only) 6 30
Total 10 45

Selection:

This general improvement leads to a wide-open door 
to choose improvement(s). The following 
countermeasures consider pedestrian-related crash 
types. What is the best mix of cost and benefit?
• Install Rapid Rectangular Flashing Beacon (RRFB) – CMF: 0.53
• High-Intensity Activated Crosswalk (HAWK) Signal – CMF: 0.543
• High Visibility Crosswalk – CMF: 0.6



General Improvement: Selecting a CMF
Scenario:

The City is looking to upgrade the pedestrian facilities at an intersection. The existing conditions contain a 
crosswalk in each direction.



Scenario 3: CMF Context

Scenario:

An engineer wants to estimate the 
benefit of installing 1 mile of 
rumble strips to address lane 
departure crashes.

5 Year Crash Data

Injury Severity

Roadway 

Departure
K (Fatal) 3
A (Severe Injury) 6
B (Minor Injury) 3
C (Possible Injury) 3
O (Property Damage Only) 10
Total 25

CMFs from CMFClearinghouse

Countermeasure Description of CMF

Area 

Type

Study 

Location

Crash 

Type

Crash 

Severity

CMF 

Factor

Service 

Life
Shoulder Rumble 

Strip

Install Shoulder 

Rumble Strip Rural

British 

Columbia

Roadway 

Departure All 0.74 5 Years
Shoulder Rumble 

Strip

Install Shoulder 

Rumble Strip Rural Kansas

Roadway 

Departure All 0.91 5 Years

Analysis:

Using the better CMF, the engineer calculates a reduction of 6.5 
crashes in 5 years, resulting in a B/C = 1,708.  

Error:

Choosing the CMF that was developed using sites from Kansas, 
the 5-year crash reduction is 2.25 crashes and the B/C = 591.



Scenario 4: Comparing Countermeasures
Scenario:

An engineer is trying to decide whether to install a 
roundabout or a signal at an intersection near the 
center of a small city (pop 35,000).

10 Year Crash Data
K (Fatal) 1
A (Severe Injury) 7
B (Minor Injury) 8
C (Possible Injury) 7
O (Property Damage Only) 40
Total 63

Countermeasure Description of CMF Area Type
Crash 
Type

Crash 
Severity

CMF 
Factor

Service 
Life

Install Single Lane 
Roundabout

Install Single Lane 
Roundabout

Urban & 
Suburban

All All 0.79 50 Years

Install Signal Install Signal
Urban & 

Suburban
All All 0.955 20 Years

Install Single Lane 
Roundabout

Install Single Lane 
Roundabout

Rural All All 0.56 50 Years

Install Signal Install signal Rural All All 0.56 20 years

Install Single Lane 
Roundabout

Install Single Lane 
Roundabout

Urban All ABC 0.34 50 Years

Severity Crashes Value
Install Traffic Signal (0.955) Install Single Lane Roundabout 

(0.79)
Predicted Crashes Benefit Predicted Crashes Benefit

Fatal 1 $     14,029,605.00 0.955 $  631,332.23 0.79 $  2,946,217.05 
Serious Injury 7 $            774,356.00 6.685 $  243,922.14 5.53 $  1,138,303.32 

Possible Injury 15 $            141,166.00 14.325 $     95,287.05 11.85 $       444,672.90 
No Injury 40 $               11,900.00 38.2 $     21,420.00 31.6 $          99,960.00 

Benefit $                                991,961.42 $                              4,629,153.27 
Cost $                                250,000.00 $                              1,200,000.00 
B/C 4.0 3.9

Analysis:

Although a Single Lane Roundabout 
provides a greater crash reduction 
benefit, the cost of installing a traffic 
signal offsets that reduction, making it a 
slightly larger benefit.



Scenario 5: Ranking Projects
Scenario:

Applications for six different safety projects 
are being considered for funding. The DOT 
wants to know which projects will provide 
the best return on investment.

Projects for Consideration
1 Convert a Stop controlled intersection to Signal
2 Convert a Stop controlled intersection to roundabout
3 Install Reflective Backplates 
4 Convert a Stop controlled intersection to Signal
5 Install Reflective Backplates
6 Convert a Stop controlled intersection to roundabout

Analysis:

Since all projects used the approved CMF list, there was not a variation 
between similar treatment types. They also all had the opportunity to 
respond with similar countermeasures. 

Project Fatal Serious Injury
Possible 

Injury
No Injury CMF Life Cycle Cost Total Benefit B/C

1 2 10 18 5 0.955 20 yrs $250,000.00 $1,728,147 6.91

2 3 14 21 26 0.56 50 yrs $1,200,000 $24,729,621 20.61

3 1 12 25 12 0.85 10 yrs $12,800 $4,049,074 316.33

4 2 7 37 15 0.955 20 yrs $250,000 $1,749,660 7.00

5 1 2 8 1 0.85 10 yrs $12,800 $2,507,932 195.93

6 1 2 18 8 0.56 50 yrs $1,200,000 $8,014,382 6.68

Countermeasure Area 
Type

Crash 
Type

Crash 
Severity

CMF 
Factor

Service Life Cost

STOP controlled to 
Signal

Urban All All 0.96 20 Years $   250,000.00 

STOP controlled to 
Roundabout

Rural All All 0.56 50 Year $1,200,000.00 

Reflective Backplates Urban All All 0.85 10 Year $     12,800.00 



Scenario 6: Selecting a CMF for a Systemic 
Safety Application
Scenario:

A DOT official wants to consider the 
impact of design policies to reduce rural 
fatal and serious injury crashes across 
the state.

5 Year Crash Data

Injury Severity

Rural 

Crashes

K (Fatal) 820

A (Severe Injury) 1,213

B (Minor Injury) N/A

C (Possible Injury) N/A

O (Property Damage Only) N/A

Total KA 2,033

Analysis:

1. Use agency data to identify the locations that would be 
impacted by the policy 

2. Overlay historical crash data on those locations and total the 
fatal and serious injury crashes at all impacted locations

3.  Identify the appropriate CMF to apply for each scenario and 
apply to total impacted crashes to estimate crash reduction

4. If desired, compare cost of implementation to cost savings 
from crash reduction.

Policy Option 1: Require shoulder rumble strips on all 2-lane 
highways with existing paved shoulders  > 4 ft

Policy Option 2: Require minimum 4-ft paved shoulder on all 
2-lane highways with AADT > 2,000 AADT

Policy Option 3: Widen edge line striping on all 2-lane 
highways



Scenario 6: Selecting a CMF for a Systemic 
Safety Application (Cont’d)

Data Gathered CMFs—Level 1 List

Facility Description
KA 

Crashes

Rural 2-lane highways with 
paved shoulder =>4 ft

452

Rural 2-lane highways with 
<4 ft of paved shoulder 
AND >2,000 AADT

349

All rural 2-lane highways 1,641

Countermeasure Conditions CMF

Shoulder Rumble 
Strips

Rural, undivided 
roadways, all crash types, 
F&I

0.88

Widen paved 
right shoulder

rural; Run off road, Head-
on, and sideswipe 
crashes; AADT > 2,000; all 
severities

0 to 4 ft = 0.77
0 to 2 ft = 0.87
2 to 4 ft = 0.88

Widen Edge Line Rural, two lane; all 
segment crashes; all 
severities

0.63



Scenario 6: Selecting a CMF for a Systemic 
Safety Application (Cont’d)

Facility Description
KA 

Crashes Countermeasure
Target KA crashes

CMF
Total 5-year 
reduction

2-lane highways with 
paved shoulder =>4 ft

452 Shoulder Rumble 
Strips

452 0.88 54.2

2-lane highways with <4 
ft of paved shoulder AND 
>2,000 AADT

349 Widen paved 
right shoulder

184 
(only lane 
departure)

0.88 
(assume an increase 
from 2 ft to 4 ft for 

most routes)

22.1

All 2-lane highways 1,641 Widen Edge Line 748 
(intersection 

crashes removed)

0.63 276.8



Module 8
Combining CMFs



Combining CMFs

𝐶𝑀𝐹𝑡 = 𝐶𝑀𝐹1 ∗ 𝐶𝑀𝐹2

𝐶𝑀𝐹𝑡 = 1 − [ 1 − 𝐶𝑀𝐹1 + (1 − 𝐶𝑀𝐹2)]
*maximum reduction = 100% (i.e., CMF=0)

𝐶𝑀𝐹𝑡 = 𝐶𝑀𝐹1

* 𝐶𝑀𝐹1 = countermeasure with smallest CMF

Additive:

Multiplicative:

Dominant 
Effect:
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Combining CMFs: Multiplicative

𝐶𝑀𝐹𝑡 = 𝐶𝑀𝐹1 ∗ 𝐶𝑀𝐹2

Module 8, Slide 3

Assumptions Pros Cons Tips

• Independence
• Same Crash Type / 

Severity
• No redundancy

• Simple and transparent 
• Consistent with HSM 

guidance
• Scalable
• Avoids over-crediting 

(greater than 100% 
reductions)

• Independence is often 
violated

• Potential overestimation 
of benefit

• Limited empirical 
support for combinations

• Sensitive to CMF quality
• Does not capture 

interactions

• Check for overlap
• Limit combinations, no 

more than 2-3 CMFs
• Match context carefully
• Document assumptions



Combining CMFs: Additive

𝐶𝑀𝐹𝑡 = 1 − [ 1 − 𝐶𝑀𝐹1 + (1 − 𝐶𝑀𝐹2)]
*maximum reduction = 100% (i.e., CMF=0)

Assumptions Pros Cons Tips

• Effects are independent 
and cumulative

• Each countermeasure 
reduces a distinct 
portion of crashes

• Reduction occur relative 
to the same baseline

• No diminishing returns 
or interaction effects

• Intuitive and easy to 
explain

• Conservative for small 
CMFs

• Useful for screening level 
estimates

• Useful when addressing 
non-overlapping crash 
populations

• Can exceed logical 
bounds (>100% 
reduction)

• Overstates safety benefit
• Not consistent with HSM 

guidance
• Ignores diminishing 

returns
• Requires manual 

constraints

• Use for CMFs with very 
small effects (minor 
treatments with CMFs 
<0.10)

• Conceptual / planning 
level analysis

• Distinct crash 
populations (pedestrian 
only + run-off-road 
treatments)

• Clearly document 
assumptions/limitations
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Combining CMFs: Dominant Effect

𝐶𝑀𝐹𝑡 = 𝐶𝑀𝐹1

* 𝐶𝑀𝐹1 = countermeasure with smallest CMF

Assumptions Pros Cons Tips

• One treatment provides 
the primary safety 
benefit

• Additional treatments do 
not produce incremental 
crash reduction

• Countermeasures 
address overlapping 
crash types or 
contributing factors

• Highly conservative
• Simple and defensible
• Avoids double counting
• Low data requirements
• Useful when CMF quality 

varies

• Likely underestimates 
benefits

• Not empirically grounded
• May discourage 

comprehensive design / 
multi-element safety 
projects

• Insensitive to treatment 
scale

• Not HSM default

• Use as a bounding case
• Pair with multiplicative 

for a reasonable range
• Document justification 

why one treatment is 
considered dominant

• Document overlap in 
crash type, severity, and 
other factors
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Combining CMFs - Example
Scenario:

Two District Engineers are 
discussing the safety benefits of 
installing both Curve Delineation 
and Shoulder Rumble Strips on a 
roadway. 

CMFs from CMFClearinghouse

Countermeasure Description of CMF Area Type Crash Type

Crash 

Severity

CMF 

Factor

Install Curve 

Delineation

Installation of signs, chevrons, 

or arrow boards to improve 

curve delineation Rural

Head-on, Roadway 

Departure, 

sideswipe, Non-

Intersection All 0.82

Shoulder Rumble 

Strips

Shoulder rumble strips 

provide tactile and audible 

indications to drivers when 

they drive on or over them. Rural

Roadway 

Departure All 0.91

10 Year Crash Data

Injury Severity

Roadway 

Departure Total
K (Fatal) 0 0
A (Severe Injury) 1 6
B (Minor Injury) 3 9
O (Property Damage Only) 6 20
Total 10 35
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Combining CMFs – Multiplicative
CMFs from CMFClearinghouse

Countermeasure Description of CMF Area Type Crash Type

Crash 

Severity

CMF 

Factor

Install Curve 

Delineation

Installation of signs, chevrons, 

or arrow boards to improve 

curve delineation Rural

Head-on, Roadway 

Departure, 

sideswipe, Non-

Intersection All 0.82

Shoulder Rumble 

Strips

Shoulder rumble strips 

provide tactile and audible 

indications to drivers when 

they drive on or over them. Rural

Roadway 

Departure All 0.91

Using the Multiplicative Method:

CMFcomb=CMF1*CMF2 

0.82*0.91 = 0.746
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Review of Tips & Assumptions:

 Are the countermeasures independent?

Do the countermeasures address the same crash types/severities?

How many CMFs are being combined?



Combining CMFs – Additive
CMFs from CMFClearinghouse

Countermeasure Description of CMF Area Type Crash Type Crash Severity CMF Factor

Install Curve Delineation

Installation of signs, chevrons, or arrow 

boards to improve curve delineation Rural

Head-on, Roadway 

Departure, sideswipe, 

Non-Intersection All 0.82

Shoulder Rumble Strips

Shoulder rumble strips provide tactile and 

audible indications to drivers when they 

drive on or over them. Rural Roadway Departure All 0.91

Using the Additive Method:

CMFcomb=1-[(1-CMF1)+(1-CMF2)] 

1-[(1-0.82+(1-0.91)] = 0.73
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Review of Tips & Assumptions:

CMF with small effect?

Conceptual / planning level analysis?

Distinct crash populations?



Combining CMFs – Dominant Effect
CMFs from CMFClearinghouse

Countermeasure Description of CMF Area Type Crash Type

Crash 

Severity

CMF 

Factor

Install Curve 

Delineation

Installation of signs, chevrons, 

or arrow boards to improve 

curve delineation Rural

Head-on, Roadway 

Departure, 

sideswipe, Non-

Intersection All 0.82

Shoulder Rumble 

Strips

Shoulder rumble strips 

provide tactile and audible 

indications to drivers when 

they drive on or over them. Rural

Roadway 

Departure All 0.91

Using the Dominant Effect Method:
𝐶𝑀𝐹𝑡 = 𝐶𝑀𝐹1

* 𝐶𝑀𝐹1 = countermeasure with smallest CMF

CMF = 0.82

Module 8, Slide 6

Review of Tips & Assumptions:

 Use as a boundary

Do the countermeasures address the same crash types/severities?

How many CMFs are being combined?

• Use as a bounding case
• Pair with multiplicative for a reasonable range
• Document justification why one treatment is 

considered dominant
• Document overlap in crash type, severity, and 

other factors
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