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Webinar Logistics
 Duration is 1.5 hours
 To activate closed captioning for the webinar: 
 Click on the “Show Captions” button at the bottom of your screen.
 You may adjust captions under Caption Settings (same button). 

 Recording webinar for website archival
 https://ruralsafetycenter.org/webinar-archive/

 Q&A pod to ask questions of presenters and alert organizers of 
technical difficulties
 Handouts are available for download
 Please complete feedback form at the end of the webinar
 Certificates of Completion/Application for CEUs will be provided
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Safe System Design 
Hierarchy for the Rural 
Context

Applying the Safe System Approach for Rural 
Virtual, Mini-Conference

Session 3: Safer Roads in the Rural Context
January 28, 2026 – Jaime Sullivan



SSA Lens to Implementation of Safer Rural Roads

Holistic and iterative
Opportunity for 
collaborations
All elements of SSA tie 
together 
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Rural Countermeasures

FHWA’s Proven Safety 
Countermeasures in Rural 
Communities
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NHTSA’s Traffic Safety 
Countermeasures that Work 
in Rural Communities



Safe System Roadway Design Hierarchy
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What is the Hierarchy?

Framework for evaluating countermeasures and 
strategies based on SSA alignment
 Dependent on context, classification, location, and 

users of the facility
 Same countermeasure can be applied for SSA 

alignment in different contexts in different ways
Supplement to other tools for identifying, 
selecting and prioritizing countermeasures

January 28, 
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Hierarchy Tiers
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Tier 1: Remove Severe Conflicts
Tier 2: Reduce Vehicle Speeds
Tier 3: Manage Conflicts in Time
Tier 4: Increase Attentiveness & 
Awareness

Graphic Source: FHWA



Tier 1: Remove Severe Conflicts
 Strategies that minimize conflicts
 Separating road users moving at 

different speeds or in different 
directions in space
 Examples:
 Roadside design improvements at 

curves
 Roundabouts
 Walkways
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Tier 2: Reduce Vehicle Speeds
 Design features and speed 

management strategies
 Reduces kinetic energy if a crash occurs
 Examples:
 Variable speed limits
 Gateway treatments
 Self-enforcing roads
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Tier 3: Manage Conflicts in Time
When users occupy same physical 

space
 Use traffic control devices to 

minimize conflicts
 Examples:
 Left-turn phasing
 Emergency vehicle preemption
 Pedestrian hybrid beacons
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Tier 4: Increase Attentiveness & Awareness

 Alerting roadway users to certain 
conflicts 
 Appropriate actions consistent with SSA
 Examples
 Wider edge lines
 Rumble strips/stripes
 Systemic application of multiple low-cost 

countermeasures at stop-controlled 
intersections
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How to Use the Hierarchy
 Framework for evaluating countermeasures 

for SSA alignment
 Project based, site assessment tool
 Planning phase for prioritization criteria

 Consider Tier 1 first 
 Then subsequent tiers – alone or in 

combination
 Some countermeasures cross-cut multiple 

tiers
 Incremental approach
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Questions?

Jaime Sullivan
Jaime@ruralsafetycenter.org



Self-Explaining Roads and Rural Speed 
Management

Applying the Safe System Approach for Rural
Session 3: Safer Roads in the Rural Context

Wes Kumfer, Ph.D.

January 28, 2026



Objectives
• Define self-explaining roads.
• Examine human behavior.
• Explain the role of roadway design in driver speed selection.
• Design a self-explaining road.
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Introduction
• What is a self-explaining road?
• A road that aligns roadway design with an intuitive understanding 

of appropriate driving.
• In other words, a self-explaining road should guide users to an 

appropriate speed (and other driver behavior) without the need for 
enforcement or extraneous signage.
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Introduction
• Theeuwes (2021) identified three characteristics of self-explaining 

roads:
– Easily Recognizable: Roads that have the same function, the same 

speed profile, the same type of road users should look similar.
– Easily Distinguishable: Roads of different categories should 

look differently. In other words, there should be clear differences in 
appearance and layout between roads that belong to different road 
categories.

– Easily Interpretable: It should be clear from the design what the 
desired behavior should be on that route. The road characteristics 
should induce this type of behavior.

January 28, 2026



January 28, 2026

Thought exercise: Think of a roadway near you. Is it self-explaining? 
Why or why not?



Self-Explaining Road Examples

• Is it easily recognizable?
– Whom does this road serve? 

Pedestrians, bicyclists, 
drivers?

• Is it easily distinguishable?
– How wide is it? How much 

traffic does it carry?
• Is it easily interpretable?

– What speed should I go?
• What speed limit do you 

think it has?
– 25 mph

January 28, 2026

Do you think this road is self-explaining?



Self-Explaining Roads
• Semler et al., 2023 argue that self-

explaining roads should generally fit 
into three categories:
– Through roads (i.e., freeways) – 

highest mobility, limited access
– Distributor roads (i.e., collectors) – mix 

of mobility and access at 
intersections.

– Access roads (i.e., local roads) – 
limited ability, door-to-door access.

• Does this sound like what we 
generally have in the U.S.?

• Where does an arterial fit in here?
• What about rural transition zones?

January 28, 2026
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https://swov.nl/en/fact/what-does-design-principle-functionality-roads-imply


Human Behavior
• Let’s take another look at how we defined a self-explaining road.
• A road that aligns roadway design with an intuitive understanding 

of appropriate driving.
• What does it mean for a roadway to be intuitive?
• We need to examine how human beings make decisions.

January 28, 2026



Human Behavior
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Human Behavior

January 28, 2026

Are our decisions deliberative or intuitive?



Human Behavior

January 28, 2026

We assume that drivers are rational decision-makers:

…and that speed limits appeal to the deliberative 
(rather than intuitive) system

INFORMATION

DESIRED 
BEHAVIOR



Human Behavior
• Our roadway is designed for rational, deliberate decision-making 

by “reasonable and prudent” road users (FHWA, 2009).
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Speed and Safety
• So why is it so important to make sure we have matched our 

roadway design to our context to promote intuitive use?
• Simply put, speed kills.
• Velocity is the major determinant of the kinetic energy released in 

a crash.

January 28, 2026
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Speed and Safety

14



Occupants & 
Nonoccupants in 
Traffic Crashes
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Source: National Center for Statistics and Analysis, 2024 



Motor Vehicle Occupants

For motor vehicle occupants, kinetic energy can also depend on 
the angle of collision.
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Source: Jurewicz et al., 2017 Source: Candappa et al., 2015



Safe Kinetic Energy

Candappa et al. (2015) uses a cutoff of ~100 kilojules (KJ) for 
safe kinetic energy.
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Pedestrians and Bicyclists

For pedestrians and bicyclists, bumper height and vehicle mass 
are critical.
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Source: Porter et al., 2021

Source: Washington Injury Minimization and Speed Management Policy and Guidelines 
Workgroup, 2020



Pedestrian Risk

• IIHS (2023) showed that pedestrians 
are at greater risk because of vehicle 
design

• Over the past 30 years, vehicles in 
the U.S. have gotten:
– 4 inches wider
– 10 inches longer
– 8 inches taller
– 1,000 pounds heavier

19



Disproportionate Burden of Injury

Recent statistics show 
people outside vehicles 
bear a disproportionate 
burden of injury.
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Source: GHSA, 2024



Speed and Human Factors

21

Source: Thomas, 2022 Source: ITRE
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So should we be concerned about speed or speeding?



Speeding-Related Traffic Fatalities and Injuries
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Speeding as a Risk Factor
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Speed and Other Crash Factors

Source: National Highway Safety Administration (NHTSA)
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Speed and Other Factors
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Roadway Design
• So how do we make our roads intuitive?
• Make sure speed limit and context match and fit into the three 

categories.
• If they do not, apply speed countermeasures.
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Roadway Design
• Example from FDOT design manual.
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Rural Transition Zone
• Let’s think about this 

rural transition zone on 
Hwy 84 into Slaton, TX.

• What would make this 
transition intuitive for 
divers?
– Visual friction on the 

sides?
– Maintain the barrier and 

reduce lanes?
– Visible signs or gateway 

treatments?

January 28, 2026



Remember Human Behavior

• Provide information
– Media campaigns
– Community engagement
– Education

• Change the environment
– Infrastructure
– Organizational practice
– Social norms

January 28, 2026

Psychology has shown us that to change human behavior we need to 
both:

Source: NHTSA Source: FHWA



Remember Human Behavior
• Speed is connected to roadway design both as a design element 

for designing specific geometric features and as an operational 
characteristic of a roadway that can be influenced by roadside 
features
– Roadsides that provide visual friction can lower speeds and provide safer 

environments.
– What reduces visual friction?

• Wide setbacks, multiple lanes, wide clear zones, wide shoulders, straight roadways.
– What increases visual friction?

• Street trees, trash cans, flex posts, narrow lanes, dense development, other road 
users.

– On higher speed roadways, horizontal and vertical curves, narrow cross-
sections/lanes can all be used to lower speeds (AASHTO Green Book).
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Proactively Prioritizing Locations for Speed Management
• When you’ve identified corridors that 

have speed problems, consider 
comprehensive approaches to 
change the environment and provide 
information.

• IIHS evaluated a comprehensive 
program in Bishopville, Maryland 
and found it was very effective.

January 28, 2026

IIHS, 2022 - 
https://www.iihs.org/n
ews/detail/multipronge
d-anti-speeding-effort-
succeeds-in-slowing-
traffic



Speed and Safety
• Designing for speed helps us get to the bottom of the Safe System 

pyramid.

January 28, 2026

Ederer et al., 2023



Conclusions
• Our roadways are often not self-explaining.
• We overestimate how intuitive our roadway designs are.
• Because of this overestimation, we design roadways that lead to 

speeds that kill.
• We can address this problem by better understanding human 

behavior.
• Understanding the limitations of human behavior can help us 

design rural roads that are self-explaining and therefore safe.
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Thanks!

You can contact me at Kumfer@hsrc.unc.edu

I’d also like to acknowledge my colleagues on the 
NCHRP 07-36 team, especially Seth LaJeunesse

January 28, 2026
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Ranking Maine 
Intersection Risk 
Based on Kinetic 

Energy
Jeff Pulver, MaineDOT

1/28/2026



Summary of What We Have Done

Created an evaluation 
and screening process 
that aligns closely with 
the Safe System 
Approach

incorporated 
principles of 
kinetic energy, 
using real 
Maine data

Rank intersections and prioritize 
them for improvement based on 
likelihood of fatal or serious 
injury crashes occurring



Share crash force 
and kinetic energy 
theories

1
Show how this 
information 
applies in real 
Maine scenarios

2
Explain the 
ranking process 
and associated 
tools we have 
developed

3
Share how our 
kinetic energy 
screening method 
has performed so 
far

4



Safe System Approach to Crash Forces
Humans have a limited tolerance to crash forces



Theory of 
Crash Forces



Intersection Conflict Point Diagrams



Intersection Energy 
Models
• Via Dr. Blair Turner from 

Australia
• Presented at the National 

Safety Engineer Peer 
Exchange in July 2019



What Factors Impact Crash Forces?

• F=ma

• What Factors Impact Crash Forces
• Vehicle/Object Mass
• Acceleration

• Speed vehicle is traveling before the crash
• The time it takes for that vehicle to come 

to rest
• Deflection distance



How Does 
Speed 
Impact 
Kinetic 
Energy • Kinetic Energy = 1

2
𝑚𝑚𝒗𝒗2

• Kinetic Energy increases with speed
• Relationship is square instead of linear

• The energy possessed by an object 
based on its motion
• Depends on speed and mass of the 

object



How Crash Speed Impacts Kinetic Energy
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How Crash Speed Impacts Kinetic Energy
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30
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PH

*Speed is 20% higher

*Kinetic energy is 44% higher



How Crash Speed Impacts Kinetic Energy
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How Crash Speed Impacts Kinetic Energy

25
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55
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PH

*Speed is 2.2 times higher

*Kinetic energy is 4.8 times higher



How Crash Angle Impacts Kinetic Energy
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30

 M
PH

Merging ConflictCrossing Conflict



How Crash Angle Impacts Kinetic Energy
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How Crash Angle Impacts Kinetic Energy

30°
30

 M
PH

15
 M

PH

*Relative speed going into yellow vehicle is 2 times higher

*Kinetic energy approaching yellow vehicle is 4 times higher

Merging ConflictCrossing Conflict



How Speed and Angle Impacts Kinetic Energy

55
 M

PH

30°

12
.5

 M
PH

Merging Conflict Crossing Conflict

*Relative speed going into yellow vehicle is 
4.4 times higher

*Kinetic energy approaching yellow vehicle is 
19.4 times higher



Theory Applied to 
Maine Crash Data



Where did this start?

• Calculated Crash Severity for 
“Intersection Movement” angle 
crashes at intersections 
controlled for major road speed 
limit.

Does severity for other crashes change with speed?

How do these results change by intersection control?

How does the risk of compare across intersections with different crash patterns and speeds?



Connection Between Kinetic Energy and K+A 
Percentage

CALCULATED FATAL AND SERIOUS INJURY 
(K+A) PERCENTAGE FOR NUMEROUS 
INTERSECTION CRASH SCENARIOS

CORRECTED FOR SPEED, INTERSECTION 
CONTROL, CRASH TYPE, AND CRASH 

ANGLE



How to 
Account for 
Crash Angle 
in the Data?

• Intersection Movement Frontal Impact 
Adjustment

• Reviewed different “most damaged area” 
data from police reports

• Separated direct impact right angle crashes 
from intersection movement crashes 
happening at less severe angles

• The K+A probability of a “frontal” angle 
crash is 3.7 times higher than those 
without “frontal impact”



All-Way Stop Intersection Movement
Ran Stop Sign Adjustment
• Running the stop sign is a big 

factor at all-way stop crashes

• The K+A probability is 6.4 times 
higher when a driver runs the stop 
sign



Two intersection movement crashes at the same intersection: 25 MPH, Other Intersection Type

Non-frontal impact Frontal Impact



Non-frontal impact Frontal Impact

The crash on the right is   
3.6 times more likely to lead to 
a fatal or serious injury 

0.50% Chance of leading 
to a K or A

1.80% Chance of leading to a 
K or A

Two intersection movement crashes at the same intersection: 25 MPH, Other Intersection Type



Example of Intersection Movement Severity 
Differences

Two intersection movement crashes at different intersections

Non-frontal impact Frontal Impact

25 MPH, Other Intersection Type 55 MPH, Other Intersection Type



Example of Intersection Movement Severity 
Differences

Two intersection movement crashes at different intersections

Non-frontal impact Frontal Impact

25 MPH, Other Intersection Type 55 MPH, Other Intersection Type

The crash on the right is       
21.2 times more likely to lead 
to a fatal or serious injury 

0.50% Chance of leading 
to a K or A

10.52% Chance of leading to 
a K or A



Example of Crash Type Severity Differences

25 MPH, Traffic Signal• Crash diagram shows 13 rear end / sideswipe 
crashes and 1 pedestrian crash

• The estimated K+A crashes from all the rear ends 
combined is 0.027

• 13 crashes with a 0.21% K+A Probability

• The estimated K+A Crashes from the one 
pedestrian crash is 0.166

• 1 crash with a 16.6% K+A Probability

• At this location, one pedestrian crash is 6.1 times 
more likely to lead to a K or A than all the rear ends 
combined



K+A Potential
New MaineDOT Intersection Network Screening Process



Why Create Another Screening Method?
Maine’s Existing Screening Methods
• High Crash Location rankings
• Highway Safety Manual Excess Cost
• These have limitations:

• Do not always identify the most concerning intersections

• Neither HCLs or our version of HSM screening account for 
observed crash severity, crash type, or speed

• Only three years of data is considered

• HSM models are often a poor fit for outlier intersections
•  These are the locations where we want spot safety 

improvements

• We do not need to accept these limitations.  We can 
build something better and more comprehensive.



What is K+A Potential?

The number of K+A crashes we estimate will 
happen over the next 10 years if crash patterns 
continue.

Also, a ranking of intersections where fatal 
or serious injuries are most likely to occur.



What is K+A Potential based on?

At a basic level, this is based on two things:

• Crash patterns in recent years

• History of fatal and serious injury crashes at the location



How do you quantify crash 
patterns?
• Simple, statistically naive process

• Sum the probability of a K or A 
occurring for every crash at an 
intersection

• Use 5-year crash history for most 
crashes and 10-year for ped/bike

• The value is converted to a per 10 
years time frame, so values are 
shows at scales easier to 
understand



Calculating Crash Pattern Potential

Calculate K+A % for each type of intersection 
crash

Control for crash type, speed limit, intersection 
control, and crash angle (where appropriate) 

• Angle (frontal) only considered for 
intersection movement crashes.

• Ran Stop Sign % considered at all-way 
stops

Determine how many of each crash type 
has occurred at every intersection 

• Review 10-years of data for ped and bike crashes and 5-years for 
other crashes

• Convert the number of crashes to per 10 years values (multiply 
non-ped and bike crashes by 2)

Multiply each observed crash frequency 
per 10 years by the associated K+A %

• Example: 2 crashes per 10 years and 
5% K+A

• 2*0.05 = 0.10 K+A

Sum the results for all crash types to 
equal a total Crash Pattern Potential 

for each intersection





Node Town Name 5+ Year K+A Crashes
3380 LEWISTON 3
3538 LEWISTON 3
3704 TURNER 3

23885 ELLSWORTH 3
39819 BANGOR 3
1959 LEWISTON 2
3412 SABATTUS 2
3697 TURNER 2
4460 AUBURN 2
4580 AUBURN 2
9650 SOUTH PORTLAND 2

11001 GORHAM 2
11537 RAYMOND 2
14203 SOUTH PORTLAND 2
14816 STANDISH 2
15610 SCARBOROUGH 2
15615 SCARBOROUGH 2
15685 CASCO 2

Node Town Name 10+ Year K+A Crashes
3704 TURNER 7
3538 LEWISTON 4

16602 SCARBOROUGH 4
17216 BRUNSWICK 4
39104 HERMON 4
60334 PORTLAND 4
10599 SCARBOROUGH 4
15048 WESTBROOK 4
15738 WINDHAM 4
25750 WATERVILLE 4
3380 LEWISTON 3

23885 ELLSWORTH 3
39819 BANGOR 3
4460 AUBURN 3

15685 CASCO 3
16780 PORTLAND 3
38885 BANGOR 3
39629 BANGOR 3

Node Town Name 20-Year K+A Crashes
15738 WINDHAM 11
3704 TURNER 8

30504 ROCKLAND 7
3538 LEWISTON 6
3391 LEWISTON 6

41304 BANGOR 6
3690 AUBURN 6

21275 WILTON 6
66505 GORHAM 6
60334 PORTLAND 5
15048 WESTBROOK 5
3380 LEWISTON 5

15685 CASCO 5
53268 ARUNDEL 5
3251 DURHAM 5

23847 ORLAND 5
56930 OLD ORCHARD BEACH 5
3412 SABATTUS 5

Observed K+A Crashes in the last 5 years count 1.5 X more than 6-10 years ago and 2 X more than 11+ years ago



Combine Crash Pattern with K+A History

• Currently, the crash pattern counts is 3 
times more than the observed K+A 
history

• K+A Potential is 75% Crash Pattern and 25% Weighted 
K+A History

• React to K+A crashes without 
overreacting or  “chasing fatals”

• Most top ranked intersections will have 
both K+A crashes in their history and a 
concerning crash pattern



Screening Process Location Types Identified

Screening 
Method

Rural 
Locations
in Top 100

Traffic 
Signals in 

Top 100

Roundabouts
in Top 100

45 MPH + 
Locations
in Top 100

Ped or Bike 
Crash 

Locations
in Top 100

45 MPH + or 
Ped/Bike Locations

in Top 100

K+A Potential 43 39 2 52 49 91

Excess Cost 14 79 N/A 7 58 65

HCL CRF 42 0 9 27 29 55



How does this deviate from existing safety 
initiatives?

• Most research has been based on crash prediction models for all 
crash types combined.

• Since all crash types are combined, speed is often a minor factor 
in models if considered at all.

• Observed crash data used in prediction is often total crashes or 
property damage separated from all other injury severities.

• Most research and crash models only consider 3-5 years of 
observed data.

• Ultimately, most screenings are based on total crash frequency 
and theoretical severity based on facility type.



Tools and Resources We Use



Intersection Network Screening Ranking List





Kinetic Energy Location 
Lookup Tool



Crash Severity Comparison Tool



Kinetic Energy Screening 
Performance



How is this working?
(Performance of Kinetic Energy Ranking System in 2023)

- Overall happy with this accuracy.
- Potential for calibration.

- Very close distribution.
- K+A crashes are slightly more dispersed than crash history suggests 



How is this working?
(Comparison to other methods identifying 2023 K+A crash locations)

• Reviewed locations where K+A crashes occurred in 2023.  Where did these 
locations rank in the different networks screening methods?

• Compared the following metrics for each method:
• 10th percentile, First Quartile, Mean, Median, Third Quartile

• How many K+A crashes occurred at locations which were highly ranked by 
screening methods?

• Counted how many K+A crashes occurred for the top ranked locations in each of the 
screening methods based on the following thresholds:

• Top 10, Top 25, Top 50, Top 100, Top 300, Top 2000

• Did the same evaluations for K+A+B crashes
• Increased sample size to evaluate (1,100 KAB crashes in 2023 vs. 170 KA crashes)
• 22 total metrics to evaluate (11 K+A and 11 K+A+B)



How is this working?
(Comparison to other methods identifying 2023 K+A crash locations)

Cumulative Network Screening Performance
Ranking System # of Metrics Won # of Metrics in Top 2 Average Ranking Rank Ranking

K+A Potential 21 22 1.05 1
HSM Excess Cost 1 13 2.59 3

HCL CRF Rank 0 6 3.18 4
HCL # of Times Rank 1 12 2.45 2



How is this working?
(Comparison to other methods identifying 2023 K+A crash locations)

Cumulative Network Screening Performance
Ranking System # of Metrics Won # of Metrics in Top 2 Average Ranking Rank Ranking

K+A Potential 21 22 1.05 1
HSM Excess Cost 1 13 2.59 3

HCL CRF Rank 0 6 3.18 4
HCL # of Times Rank 1 12 2.45 2

This evaluation shows that detailed crash history is a 
good indication of future risk.



FHWA Video Effort

• Sent a video crew to Maine in August 
2024 to highlight our effort

• Completed interviews with key 
stakeholders and traveled around the 
state to collect relevant footage

• Video is expected to be complete in 
2026

• Will be posted on the FHWA YouTube 
site as part of the Data-Driven Safety 
Analysis channel



What is Next?

• Improve or automate data 
management / data 
maintenance

• Make information more 
accessible

• Figure out this info for road 
segments

• More research to come, 
likely from others…



How can your state implement?

• Depending on data quality, Most work can be done 
in about a month, probably with internal staff.

• Don’t let perfection get in the way of good / better.

• Crash angle is a big factor, but starting without it is 
still an improvement.

• Just start, don’t overthink it.



Thank You

Contact Info:

Jeff Pulver - MaineDOT Director, Office of Research and Innovation
jeffrey.pulver@maine.gov

Bob Skehan - MaineDOT Director, Office of Safety and Mobility
robert.skehan@maine.gov

Dennis Emidy - MaineDOT State Highway Safety Engineer
dennis.emidy@maine.gov

mailto:jeffrey.pulver@maine.gov
mailto:robert.skehan@maine.gov
mailto:robert.skehan@maine.gov
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