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Project Goals

Document current State DOT practices for:

• Identifying HSIP projects

• Prioritizing HSIP projects

• Evaluating HSIP projects

Look for differences in:

• State vs. local projects

• Spot, systemic, and systematic approaches



Approach

Three primary sources:

1. Literature review
• 36 State HSIP/Safety Program manuals
• State HSIP annual reports
• Federal and State HSIP resources

2. Survey of State safety programs
• 44 DOTs (85% response rate)

3. In-depth interviews (case examples)
• Maine, North Carolina, Oregon, Pennsylvania



Project Evaluation Summary

1. State DOT guidance on project evaluations 
• Ranges: no reference to detailed procedures

2. Evaluation methods
• Simple before-after is most common for project evaluations
• Some states use more reliable methods to develop CMFs 

3. Differences by project type (e.g., spot vs. systemic or State vs. local road)
• Most states use same framework/method for evaluating all projects



Survey Results

Project evaluation methods on State system

Method Spot Systemic

Simple before-after 32 23

Empirical or Full Bayes before-after 10 9

Comparison group before-after 5 8

Regression cross-section 1 1

Other 4 6

We don't evaluate 5 9



Survey Results

“Other” methods

• Colorado: has not determined a methodology for systemic projects yet

• Connecticut: plans to hire consultant to conduct before-after studies

• Illinois: depends on data availability

• Maryland: spot projects evaluated on case-by-case basis

• Massachusetts: EB method when possible; alternative methods as needed; no 
evaluation of Every Day Counts initiatives and proven countermeasures

• Michigan: performs before-after studies separately for State and local projects

• Ohio: performs before-after studies with traffic volume correction



Survey Results

Project evaluation methods on Local system

Method Spot Systemic

Simple before-after 4 3

Empirical or Full Bayes before-after 2 1

Comparison group before-after 1 1

Regression cross-section 0 0

Other 2 4

We don't evaluate 4 3

Different evaluation method 
on Local system?

Yes
10

No
34



Survey Results

“Other” methods

• Maryland: developing program to allocate HSIP funds to locals starting in FY22. No 
evaluations done yet.

• Michigan: performed analysis of FY 2013 local agency programs to assess program and 
countermeasure effectiveness. Assessed projects, countermeasures, and program using 
two techniques: simple before-after and Empirical Bayes before-after.

• New York: currently has Post Implementation Evaluation System. New safety management 
system scheduled for implementation in Fall 2021 will be able to evaluate State and local 
road projects.

• Washington: measures systemic projects on a larger scale (often agency wide) in a simple 
before-after comparison.



Noteworthy Examples, Challenges, and Opportunities

Noteworthy Examples 

• Use simple methods for project evaluations 

• Use advanced methods for systemic and countermeasure evaluations

• Focus on change in target crashes rather than total crashes for project evaluations

• Share evaluation results

• Develop tools/spreadsheet to facilitate EB analysis
• NC’s spreadsheet tool updates CMFs automatically as new sites are added
• NY’s PIES tool automates process



Noteworthy Examples, Challenges, and Opportunities

Challenges

• May be difficult to identify specific project 
locations for bundled systemic projects 
(e.g., if project records indicate “multiple 
locations” without listing specific sites)

"Paperwork" by All Those Details is licensed under CC BY-ND 2.0

https://www.flickr.com/photos/76103999@N06/7665289260
https://www.flickr.com/photos/76103999@N06
https://creativecommons.org/licenses/by-nd/2.0/?ref=ccsearch&atype=rich


Noteworthy Examples, Challenges, and Opportunities

Challenges

• Time consuming to properly evaluate systemic projects
• Large number of treated locations 
• Need to confirm associated data (e.g., construction date, locations, crash data)
• May not be feasible to perform detailed crash analyses for each systemic site



Noteworthy Examples, Challenges, and Opportunities

Challenges

• Regression-to-the-mean
• Hot-spot: sites selected 

based on high crashes 
before implementation

• Systemic: sites with few 
or no crashes before 
implementation
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Noteworthy Examples, Challenges, and Opportunities

Opportunities
• Use more rigorous methods 

• Account for regression-to-the-mean 
• Develop guidance or training

• Document nuances of evaluating systemic improvements
• Evaluate effectiveness of systemic countermeasures

• Determine if effectiveness remains as prevalence increases (i.e., is strategy 
as effective at sites with lower potential for safety improvement)

• Share evaluation results
• Convince people (internal and external) of potential benefits of systemic
• Retain (and even increase) safety funding
• Increase confidence in investments
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Illinois Safety Evaluation

• Overview 
• Data 
• Challenges and solutions
• Methodology
• Results 
• Communication and use of results
• Future development of evaluation



Overview
• Objectives

– Understand the effectiveness of individual HSIP project investments, 
countermeasures and overall program 

– Identify opportunities to improve HSIP allocation to maximize the return on 
investment

– Inform future decisions regarding investment location, project type and conditions
– Use evaluation results to proactively enhance and improve the program

• Develop a tool to evaluate the effectiveness of all HSIP investments
– After SAFETEA-LU and the shift to reducing fatalities and serious injuries
– User friendly, versatile, informative
– Accessible by practitioners and leaders, state and local agencies



Data Summary
• HSIP Applications Data

– Over $300M in projects
– 1,037 HSIP Applications + Attachments
– State and local jurisdiction segments, intersections, corridors

• Contract Data
– All Contracts Using Safety Funds and programmed after 2004
– 905 Programmed Contract Numbers
– Approximately 2600 miles

• Construction Data
– Contract Plans
– Contract Pay Items

• Crash Data
– KAB crash severities
– 2001 to 2016



Challenges & Solutions
• Expansive range of roadway 

conditions 
• Safety performance functions (SPFs) 

available for state routes only
• SPF were not calibrated for all of the 

years
• Data set too large, varied for 

empirical bayes
• Project data

– Actual contract may differ from HSIP 
application in the geographical extent or 
the scope of work

– Type of treatment was too general for the 
purpose of evaluation

• Evaluation Based on Construction 
Data 
– Improved location accuracy 
– Treatment based on plans and pay items

• Large data over many years
– Reduced the effect of regression to the 

mean



Summary of Contracts Evaluated

Number of Evaluated 
Contracts Total Completion Amount Total HSIP Funds

Total 370 $314.9M $227.7M

State HSIP 309 (84%) $274.9M (87%) $203M (89%)

Local HSIP 61 (16%) $40.0M (13%) $24.7M (11%)

Hotspot 273 (74%) $238.7M (76%) $163.8M (72%)

Systemic 97 (26%) $76.2M (24%) $63.9M (28%)



Extensive 
Evaluation

• 370 Contracts
• +2100 Miles
• +500 Intersections
• +86,000 KAB Crashes in Before-Period
• +71,000 KAB Crashes in After-Period
• 2004 Before Contract-Years
• 1892 After Contract-Years



Analysis Methodology
• Benefit-Cost Analysis

– Total Completion Amounts (2019 Dollars): $367.96M
– Total HSIP Funds (2019 Dollars): $266.36M (72%)
– Total Statewide BC Ratio based on Completion Cost: 9.61
– Total Statewide BC Ratio based on HSIP Funds: 13.27

• Crash Modification Factor development









Summary
• Outcomes

– Understand the effectiveness of individual HSIP project investments, 
countermeasures and overall program 

– Identify opportunities to improve HSIP allocation
– Outcomes are guiding future investments

• HSIP Investment Evaluation Tool
– User friendly, versatile, informative
– Review specific sites or group by attributes
– Online portal accessible by practitioners and leaders



Future Developments
• HSIP Safety Evaluation 

– Add additional crash data through 2020
– Add additional construction contracts
– Updating local SPFs 
– Compare state CMFs to CMF Clearinghouse; update IL Benefit Cost Tool 
– Continue to integrate evaluation output in project programming and development

• Evaluation Highway Safety Program enforcement investments
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Safety Evaluation
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NCDOT Traffic Safety Unit Org Chart
Safety Evaluation
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Safety Evaluation

6https://connect.ncdot.gov/resources/safety/Pages/Safety-Evaluation.aspx

Location Specific Safety Evaluations

Safety Evaluation Website



Safety Evaluation
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Location Specific Safety Evaluations
Advance Activated Warning Sign
All Way Stop
Bridge Fencing
Bridge Removal/Replacement
Clear Zone Improvements
Closed Loop Signal System
Congestion Detection System
Curve Superelevation Improvements
Curve Wedging and Resurfacing
Deceleration Lane for Ramp
Directional Crossover
Drainage Improvements
Driveway Channelization
Enforcement Programs
Flashing Traffic Signal
Grade Separation
Guardrail
Horizontal Alignment Improvements
Incident Management
Intersection Realignment
Left Turn Lane
Lighting
Median Berm

Median Channelization
Median Guardrail
Merge Lane Modifications
Modify Curb Radius
New Traffic Signal
Offset Left Turn Lane
Pavement Markings
Pedestrian Structure
Railroad Crossing
Remove Access/Intersection
Resurfacing
Right Turn Channelization
Right Turn Lane
Road Diet
Rumble Strips
Shoulder Wedge
Sidewalk
Sight Distance Improvements
Signalized Superstreet
Signing
Speed Tables
Traffic Signal Revisions
Traffic Signal Revisions/Turn Lanes

Two-Way Center Turn Lane
Vehicle Entering When Flashing
Widen Existing Travel Lanes
Widening for Paved Shoulders
Work Zone Evaluations
Other



Safety Evaluation
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Safety Evaluation
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Location Specific Safety Evaluations



Safety Evaluation
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Location Specific Safety Evaluations

Copy and Paste into Countermeasure Evaluation Workbooks



Safety Evaluation
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Safety Evaluation
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Countermeasure Evaluations
CMF Workbook (Intersection - Simplistic)



Safety Evaluation
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Countermeasure Evaluations
CMF Workbook (Intersection - Simplistic)



Safety Evaluation
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Countermeasure Evaluations
CMF Workbook (Intersection - Detailed)



Safety Evaluation
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Countermeasure Evaluations

https://connect.ncdot.gov/resources/safety/Traffi
cSafetyResources/NCDOT%20CRF%20Update.pdf



Safety Evaluation
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Countermeasure Evaluations
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Safety Evaluation
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Safety Program Evaluations



Safety Evaluation
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Safety Program Evaluations

Funding Year of Projects
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Carrie L. Simpson, PE clsimpson@ncdot.gov
NCDOT Safety Evaluation Engineer 919-814-4958

Safety Evaluation
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PennDOT’s Highway Safety Improvement Program 
Project Evaluations
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Today’s Presentation

Overview of HSIP Project Evaluation Process
• Data Collection Process
• Tools for Evaluation Process
• Methodology- Systemic & Spot Locations
• Utilizing the Results
• Challenges to the Analysis
• Next Steps and Future Evaluations



Data Collection 

• Review of 424 projects from 
2002 to 2017 (over $560 
million in HSIP funds) 

• Analysis of fatal and serious 
injury crashes

• Pull from CDART and PCIT

• Use Pennsylvania SPFs for 
base conditions

• Refer to CMF clearinghouse 
for expected performance of 
countermeasures and 
compare project results

• Video log, RMS, and TIRe

• Funding by MPO, District, and 
Countermeasure types

• Use PennDOT’s MPMS and ECMS 
systems for project information

• Contains project locations, 

• Scope of work descriptions,

• Special provisions, 

• Project plans and drawings, 

• Itemized costs for 
countermeasures, 

• Project let or Notice to proceed 
dates, open to traffic dates (OTT)



Analysis Tools

• No special off-the-shelf tool. 
• PennDOT developed our own tools to complete the HSIP project 

evaluations
• Consultants developed large workbook with multiple spreadsheets 

with VB coding



Methodology

• Gather complete list of all HSIP Projects from 2002 up to 2017
• Determine countermeasures used in every project
• Exclude construction by identifying the NTP and OTT dates for 

every project
• Compare observed data to
predicted models if CMFs exist
for improvement
• Assess project successes and 
failures
• Systemic projects assessed 
network wide, not by site alone

– Allocated costs proportionally



Results

• Many ways to present data analysis
– Statewide
– Districts
– MPOs and RPOs
– Counties
– Funds spent on focus areas vs. needs
– Predicted vs. Observed crashes
– Benefit Cost Analysis
– Countermeasure Analysis
– Systemic vs. Spot Locations
– Urban vs. Rural
– Roadway Classifications
– Exposure to Licensed Drivers



Statewide HSIP Spending: SHSP Priority Focus Area

SHSP Priority Focus Area Number of 
Projects Number of Sites HSIP Funds Spent 

($M)

Intersection Safety 198 1,176 $302.9

Lane Departures 156 2,660 $148.0

Pedestrians and Bicyclists 4 4 $4.3

Other Priorities 66 140 $107.1

TOTAL 424 3,980 $562.3 



Statewide Crashes – for comparison to spending

52%of 
HSIP 

Spending

Crash Type
5-Year Average

(2016-2020)
Percent of Crashes

(2016-2020)

Fatalities SSI Fatalities SSI

Intersections 276 1,505 24% 34%
Signalized 103 575 9% 13%

Lane Departures 588 1,869 52% 42%

Single Vehicle Run-Off-Road 491 1,780 43% 40%

Hit Fixed Object 386 1,369 34% 31%

Head On / Opp Dir Side Swipe 153 614 13% 14%

Pedestrians & Bicyclists 184 551 16% 12%
Pedestrians 165 457 14% 10%

Bicyclists 19 94 2% 2%



Statewide HSIP Spending: Project Performance

Year Projects 
Completed

HSIP Funds Spent 
(Millions)

Before F+SSI 
Crashes/

Year

After F+SSI 
Crashes/

Year

% Change 
F+SSI 

Crashes

2002-2007 100 $99.1 601 531 -12%
2008 26 $12.2 259 215 -17%
2009 21 $17.9 31 22 -29%
2010 24 $26.2 130 107 -18%
2011 28 $24.0 85 88 4%
2012 28 $45.2 196 151 -23%
2013 20 $50.6 98 112 14%
2014 32 $70.1 67 68 1%
2015 45 $60.0 271 255 -6%
2016 53 $67.4 326 289 -11%
2017 47 $89.6 432 456 6%
Total 424 $562.4 2,436 2,295 -6%



Type of Projects HSIP Funds 
Spent ($M)

Before 
F+SSI 

Crashes

After
F+SSI 

Crashes

Cost per 
F+SSI 

Reduction 
($M)

Spot
Improvements $390.0 469 442 $14.44

Systemic $172.3 1,967 1,852 $1.50

Total $562.3 2,436 2,294 $3.96

Statewide HSIP Spending: Spot vs Systemic 



Statewide HSIP:  Spot vs. Systemic—Benefit/Cost Ratio

Spot 
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Statewide HSIP Performance: Functional Classification

Functional Classification HSIP Funds 
Spent ($M)

Before F+SSI 
Crashes

After F+SSI
Crashes

F+SSI Crash 
Change (%)

Rural Minor Collectors $12.6 82 52 -37%

Rural Major Collectors $41.0 186 124 -33%

Rural Other Principle Arterials $91.8 245 189 -23%

Rural Local Roads $11.6 24 19 -21%

Rural Minor Arterials $81.7 363 291 -20%

Urban Major Collectors $25.8 85 78 -8%

Undefined $3.9 128 122 -5%

Urban Minor Arterials $82.3 217 208 -4%

Rural Interstate $20.6 447 434 -3%

Urban Minor Collectors $0.0 0 0 0%

Urban Other Principle Arterials $153.5 536 564 5%

Urban Interstate $13.6 53 57 8%

Urban Other Freeways and Expressways $20.4 124 145 17%

Urban Local Roads $3.5 6 11 83%



Statewide HSIP Project Performance: Urban vs Rural 

HSIP Funds Spent
($M)

Before F+SSI 
Crashes

After F+SSI 
Crashes

% Change F+SSI 
Crashes

Urban $299.1 1,021 1,062 +4%

Rural $259.3 1,347 1,109 -18%

Not Defined $3.9 128 123 -4%

Total $562.3 2,496 2,294 -8%

Lesson: Safety improvements on rural roads were much more effective



Predicted vs. Observed Performance

• CMFs for fatal and injury crashes were used rather than 
CMFs for total crashes for severity

• For consistency, these results used Fatal and injury 
crashes

• Used dominant CMF for project analysis
• For analysis of PennDOT’s HSIP projects, CMFs 

applicable to all crash types were selected 
when possible



Most Effective Safety Countermeasures

Improvement Type Improvement Sub-Type
Before 
F+SSI

Crashes

After 
F+SSI

Crashes
Project Cost

Cost to 
Eliminate a 

F+SSI
Net Benefit F+SSI 

B/C Ratio

Rumble Strips Unknown or Both 116 110 $700,000 $116,667 $46,491,600 66.4

Signing and Pavement 
Markings Curve-Related 124 82 $4,373,383 $104,128 $260,637,434 59.6

Modify Traffic Signal Replace Existing Indications 28 17 $616,787 $56,072 $26,680,853 43.3

Rumble Strips Center Line 116 86 $4,257,153 $141,905 $154,526,315 36.3

Signing and Pavement 
Markings Intersection-Related 48 34 $3,462,916 $247,351 $115,801,524 33.4

Rumble Strips Edge Line 29 24 $4,816,057 $963,211 $56,582,863 11.8

High Friction Surface 
Treatment - 26 19 $6,933,117 $990,445 $47,146,600 6.8

Signing and Pavement 
Markings Interstate Signs 184 175 $1,434,906 $159,434 $8,103,725 5.7



Least Effective Safety Countermeasures

Improvement Type Improvement Sub-Type
Before 
F+SSI

Crashes

After 
F+SSI

Crashes
Project Cost

Cost to 
Eliminate
a F+SSI

Net Benefit F+SSI B/C 
Ratio

Signing and Pavement 
Markings Raised Pavement Markers 295 306 $2,028,000 -$184,364 -$52,713,043 -26.0

Pedestrian and Bicycle Pedestrian Signal 51 57 $3,835,186 -$639,198 -$34,203,386 -8.9

Barrier High Tension Cable Median 
Barrier 30* 37* $7,295,629 -$1,042,233 -$57,190,617 -7.8

Auxiliary Lanes Other/Unknown 15 22 $8,114,334 -$1,159,191 -$25,971,663 -3.2

Modify Traffic Signal Coordination/Timing 13 23 $6,012,716 -$601,272 -$12,580,345 -2.1

Modify Traffic Signal Replacement 44 41 $22,503,950 $7,501,317 -$38,948,786 -1.7

Auxiliary Lanes Add Right-Turn Lane 8 12 $15,715,364 -$3,928,841 -$12,436,493 -0.8

* Values reflects total crashes, and are not isolated to Cross Median crash events



Challenges to Analysis
• Over the last two decades there have been several personnel 

changes and policy changes
• Project justification for project from years ago

– How projects qualified for HSIP funds has changed
– At least 95 projects did not have an apparent safety justification

• Bridges, bridge de-icing, , and others

• Older projects’ data had broad scope
• Older projects did have some changes to segment and offset due 

to alignment projects
• Some Routes had changed route numbers
• Change in the definition of serious injuries in 2016
• Limited crash data for some years

– Older projects and newest projects (Only keep 20 years of crash data)



Next Steps

• Update HSIP project analysis annually
• Use analysis data to make changes to the HSIP
• Include more systemic safety projects
• Determine better options for safety projects in urban areas
• Complete more detailed analysis on specific countermeasures

– Like ATSCs and HTCMBs
• Mandated HSM based project justification for any spot location 

project
• Expand State’s Highway Safety Network Screening to local roads
• Make data sets easier to combine for future analysis
• Create a new HSIP project applications website

– Current SharePoint site is at critical point/maximum ability



Final Lesson Learned

We also found from 2002 to 2017 
there were no reported cases of 
Grandma getting runover by a 
reindeer in Pennsylvania



Questions
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Background

Goal: Evaluate how effective safety $ spent for hot spot projects

Technique for evaluating safety: Empirical Bayes (for B/A studies)
• Results in CMFs
• RTM
• Traffic Volume Changes

2



Why Local CMFs?

• Evaluate effectiveness of safety $

• WA specific driving behavior and conditions

• Assists in choosing a national level CMF when there are many CMFs
• Contribute to national literature

– Not all countermeasures have a CMF defined
• Road types, crash types, # lanes, etc

– Strengthen Existing CMFs



CMF Formation Tool

• WSDOT created a Microsoft Excel template to calculate the CMF

– Methodology from HSM Chapter 9

– Supports between 1-1,000 sites

– Supports up to 10 yrs B & 5 yrs A

– SPFs as Reference Group

– Adjustment Factors (HSM Part C CMFs) to adjust for SPF 

baseline conditions

– Calibration Factors

4



CMF Formation Tool
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*Screenshots of tool are from 
different studies. Used strictly to 
observe tool, not specific numbers. 



CMF Formation Tool
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…

…

SPF, CMF (Adjustment Factors), 
k vary by site
-cell comments indicate 
formulas/methods used



CMF Formation Tool – predicted crashes cell 
comments
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CMF Formation Tool
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CMF Formation Tool
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CMF Formation Tool
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Outcomes

• Evaluated 7 countermeasures 

• Affects decision making for future projects

• Plan to continue development of CMFs
– Increase sample size over time
– Report to CMF Clearinghouse? 

• Challenges
– Obtaining minor road counts
– Time Consuming

11



Questions/Feedback
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Contact: 
Kelvin Daratha, PE, PTOE DarathK@wsdot.wa.gov, 360-705-7929

Clay Peterman, PE, PTOE PetermC@wsdot.wa.gov, 360-705-7994

Dina Swires, PE SwiresD@wsdot.wa.gov, 206-276-5763

Mike Dornfeld DornfeM@wsdot.wa.gov, 360-705-7288 

John Milton, PhD, PE, RSP2IB, PTOE MiltonJ@wsdot.wa.gov, 360-704-6363

Under 23 U.S. Code § 409 and 23 U.S. Code § 148, safety data, reports, surveys, schedules, lists compiled or collected for the purpose of 
identifying, evaluating, or planning the safety enhancement of potential crash sites, hazardous roadway conditions, or railway-highway crossings are 
not subject to discovery or admitted into evidence in a Federal or State court proceeding or considered for other purposes in any action for damages 
arising from any occurrence at a location mentioned or addressed in such reports, surveys, schedules, lists, or data.
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