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Economic Crash 
Analysis Tool (ECAT) 
Overview

Oh io  Depa r tment  o f  
Tran spo r t a t i on
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What is ECAT?

ECONOMIC CRASH ANALYSIS TOOL

• ODOT’s customized tool to complete 
Part C Predictive Method with Part C 
& D CMFs and Crash History as 
described in AASHTO’s Highway 
Safety Manual

• Complete a benefit cost analysis as 
required for ODOT’s Highway Safety 
Program 
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Overall Process

Define Project 
Elements 
(segments 

and/or 
intersections)

Collect and 
assign 

observed 
crashes to 

Each Project 
Element

Calculate the 
Highway 

Safety Manual 
Predicted and 

Expected 
Crash 

Frequency

Compare 
Existing 
Project 

Elements to 
Proposed 
Project 
Element 

Conditions

Summarize 
Project

Complete the 
Benefit-Cost 

Analysis
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Define Project Elements

Define Project 
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(segments 
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Expected 
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Project 

Elements to 
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Project 
Element 
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Benefit-Cost 
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required)
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Project Information Worksheet

• Collect information about the overall project

• Identify homogenous segments and individual intersections for 
the entire project

• Select CMFs that are applicable to the entire project
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Project Information Worksheet

• Gather general project and contact information

• Will you be performing a benefit-cost analysis?
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Analysis Setup

• It is important to know if you are analyzing a project where the proposed conditions do 
not use the same Safety Performance Function (SPF) as the existing conditions.

• 3 analysis scenarios:

1

2

3
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Project Elements
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Project Elements
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Project Elements



E
C

A
T
 O

V
E
R
V

IE
W

11

Traffic Volume Growth Rate

Enter in traffic volume growth for B/C analysis:
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CMF Table

5 CMF application scenarios: Severity, Crash Type, Wet-Related, Night-Related or User Defined:
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Overall Process

Define Project 
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Crash Data Worksheet

• The crash data tab is used to assign observed crashes to individual project elements

• It follows the basic template of ODOT’s CAM Tool to allow users to use both tools 
without having to re-enter data

• The toolbox can be used to automatically assign crashes to segment and intersection 
based on information the analyst provided in the Project Elements Description Table on 
the Project Information Tab
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Crash Data Worksheet
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Analysis Sheets

• There is a unique analysis 
sheet for every Site Type 
in the tool.

• These are created based 
on the information the 
analyst provided on the 
Project Information 
Worksheet

• Additionally, the analysis 
sheets will be formatted 
based on information the 
analyst provided on the 
Project Information 
Worksheet
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Analysis Sheets
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Analysis Sheets
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Analysis Sheets
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Create Reports

• Create Project Summary Reports will 
create all reports necessary based on 
the information provided by the 
analyst

• No data entry is required on the 
reports



E
C

A
T
 O

V
E
R
V

IE
W

23

HSM Summary Report

• The report tab summarizes all the Project Elements that are HSM site types

• Combines all the individual analysis into a Project Summary



E
C

A
T
 O

V
E
R
V

IE
W

24

HSM Summary Report

• Crash predictions broken out by element ID
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HSM Summary Report
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Change in SPF

• When there is a change in site conditions, the analyst will 
need to load the existing conditions analysis file into the 
proposed.

• This can be completed by clicking button and selecting the 
existing analysis results.
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HSM Summary Report
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HSM Summary Report



E
C

A
T
 O

V
E
R
V

IE
W

29

Overall Process

Define Project 
Elements 
(segments 

and/or 
intersections)

Collect and 
assign 

observed 
crashes to 

Each Project 
Element

Calculate the 
Highway 

Safety Manual 
Predicted and 

Expected 
Crash 

Frequency

Compare 
Existing 
Project 

Elements to 
Proposed 
Project 
Element 

Conditions

Summarize 
Project

Complete the 
Benefit-Cost 
Analysis (if 
required)



E
C

A
T
 O

V
E
R
V

IE
W

30

Benefit-Cost Analysis

• Compare the estimated future safety benefits of the proposed improvements to the cost 
of constructing the same improvements
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Benefit-Cost Analysis

• Discount rate of 4% is used

• Crash costs are updated annually
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Customization

• Ability to analyze any site type, 
multiple site types as a whole 
project in 1 file

• Observed crash importing

• Site type analysis sheets

• Safety Performance Functions 
(SPF’s)

• Calibration Factors

• Crash Modification Factors (CMF’s)

• Benefit Cost Analysis 

• Integrated into funding requests
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Program Integration

• Estimating the change in 
predicted/expected crashes is 
required for any project that 
isn’t maintenance related

• Projects with “improving 
safety” as part of the purpose 
and need must reduce crashes 
or crash severity

• Safety Analysis Guidelines 
referenced in other important 
guidance documents
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Crash Data Users

• Internal - ~250
• Central Office – Highway Safety, Engineering

• Districts – Planners, Designers & Project Managers

• External ~1,500 users
• Consultants

• MPO’s

• Local agencies

• News agencies

• Public
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Pros and Cons

Pros

• Integrated into planning/project development process

• Analyze an entire project in one file

• Sped up analysis

• Able to customize

Cons

• We own it

• Methodology/Application issues

• Maintenance

• Training

• Personnel
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Brenton Bogard
Ohio Department of Transportation

Brenton.Bogard@dot.ohio.gov



NCDOT Predictive Safety Analysis

Brian Murphy, NCDOT

AASHTO Webinar: Exploring Highway Safety Manual 

Crash Prediction Calculation Tools, 10/12/23



Predictive Safety Analysis at NCDOT

• Who is doing predictive safety analysis?

– Currently only internal staff: Safety Planning Group of 

the Traffic Safety Unit

– Soon to expand to contractors who are prequalified to 

conduct predictive safety analysis

• What is it being used for?

– Mostly performed for alternatives analysis on TIP 

(capital improvement) projects

– Exploring the use of SPFs in network screening

2



Predictive Safety Analysis at NCDOT

• What “level” of SPFs do we use?

– Mostly project-level (detailed predictions)

– Explored used planning-level (Type 1, AADT only)

• What SPFs do we use?

– HSM1 SPFs

– SPFs from NCHRP projects intended for the HSM
• Roundabouts (17-70)

• One-way and 6-8 lane arterials (17-58)

• New intersection types (17-68)

3



Predictive Safety Analysis at NCDOT

• How do we implement SPFs?

– Spreadsheet tools

• Why spreadsheets?

– Customizable

– Can verify calculations are being done correctly

– Can “reach in” and grab interim values for alternate 

calculations

• Other resources:

– SPF calibration factors for NC conditions

– CMFs from an NCDOT-specific list and from the CMF 

Clearinghouse
4



Safety Planning Resources Webpage

Resource page intended for anyone 

conducting predictive safety analysis 

in NC 

Resources posted:

• NCDOT state CMF list

• Spreadsheet tools (with links to 

original research reports)

• Compilation of NC calibration factors

• Crash proportion tables

• Intersection control selection tools 

and resources

• Training resources for Predictive 

Safety Analysis 5

https://connect.ncdot.gov/resources/safety/Pages/Safety-Planning-Resources.aspx



NCDOT Spreadsheet Tools

• Can accommodate multiple segments or 

intersections in a single sheet

• Flat file arrangement – site characteristics and 

calculations all in one row

• Not macro-driven – all calculations can be 

followed

6

SPF Prediction 

Results

CMF/AF ValuesSite CharacteristicsSite 

ID



Tools We Use by Facility Type

• Rural undivided – NCDOT custom spreadsheet

• Rural multilane – NCDOT custom spreadsheet

• Urb/suburb arterials – NCDOT custom 

spreadsheet (incorporates HSM1 SPFs and 17-

58 SPFs for one-way and 6+ lanes)

• Freeways – iSatE spreadsheet tool

• Roundabouts – we have the 17-70 

spreadsheets but have not yet used them

7



Example Use Cases of Predictive 

Safety Analysis at NCDOT

8



Example: HE-0001

• New proposed interchange

• Two alternatives for interchange design

9

Left side ramps Right side ramps



Example: HE-0001

• Tool used: iSatE spreadsheet tool

• Right side design yielded fewer crashes

– The left-side exit was a factor in increased 

predicted crashes, but also influential were 

the ramp length and curves in the left side 

alternative.

10



Example: R-4045

• Intersection 

rebuild

• Three 

alternatives 

considered

• Focused only 

on frontal 

impact 

crashes

11

No Build 

Minor road 

stop-

controlled

Alternative 1

Reduced 

conflict 

intersection 

(RCI)

Alternative 2

Interchange



Example: R-4045

• Tools used: 
– NCDOT custom spreadsheet tool of HSM SPFs 

(rural multilane divided)

– iSatE spreadsheet tool

• Other resources used:
– Crash proportions for NC facilities (to estimate frontal 

impact crashes)

– CMF for roundabout (because iSatE does not predict 

for roundabouts at ramp terminal intersections)

12



Example: R-3430

Proposed: Widen 2-lane 

rural road to a 3-lane 

cross section (2 through 

lanes plus TWLTL)

What we provided: 

Identified sections where 

3-lane cross section 

would be most beneficial 

(higher predicted 

crashes)

13



Example: R-3430

Tools used:

• NCDOT custom 

spreadsheet tool of 

HSM SPFs (rural 2U)

14



Example: U-6109

• Proposed: Widen 4-lane urban 

arterial

– Alternative 1: Widen to 6-lanes with 

traditional intersections

– Alternative 2: Widen to 6-lanes with 

RCI concept

– Alternative 3: Widen to 8-lanes with 

traditional intersections

• Significant resistance from 

neighborhood group and 

legislator
15



Example: U-6109

• Tools used:

– NCDOT custom spreadsheet tool developed to 

implement new SPFs from NCHRP 17-58 (6+ lane 

urban arterials)

• Other resources used:

– CMFs to adjust predicted crashes for non-traditional 

intersection designs (RCI, MUT, CFI) in Alternative 2

• Special note: NC calibration factors were not 

available for the 6+ lane models, so we had to 

couch the results as relative comparisons

16



PENNDOT ICE TOOL

JASON HERSHOCK OCTOBER 12, 2023

AASHTO

EXPLORING HIGHWAY SAFETY MANUAL CRASH PREDICTION 

MODELS CALCULATION TOOLS



• PennDOT uses of the HSM

• Staff Involved

• Other DDSA Tools

• The new web-based ICE Tool

TODAY’S AGENDA



• Highway Safety Network Screening

• Design Alternatives Analysis

• Design Exceptions

• Traffic Engineering Studies

• Project Performance Assessments

HSM USES IN PENNSYLVANIA



• Engineering Districts
• Planning

• Design

• Traffic Ops and Safety Eng.

• Central Office
• Highway Safety Network 

Screening

• HSIP assessments

• Countermeasure studies

• Analysis Tools  

• Policy development

STAFF INVOLVED
• Regional Planning Partners

• MPOs and RPOs
• Prioritize HSIP funded projects

• Consultants
• Purpose and Need (PAN)
• Point of Access (POAs)
• Traffic Impact Studies
• Roadway Design

• Municipalities
• Limited use so far



We have several tools for highway 
safety analysis

• https://www.penndot.pa.gov/Travel
InPA/Safety/Pages/Safety-
Infrastructure-Improvement-
Programs.aspx

OTHER DDSA TOOLS



OUR NEW ICE WEB TOOL



OUR NEW ICE WEB TOOL

Opening Screen

• Includes Capacity 
Analysis

• Safety Benefit Cost 
Analysis

• Can start new or 
upload previous 
analysis



SPICE/ICE WEB ANALYSIS TOOL

• Enter Project 
Information

• Select
• Capacity 

analysis or 

• Combined 
capacity & 
safety analysis 
(Life Cycle)



SPICE/ICE WEB ANALYSIS TOOL

• Global Input 
Data

• Analysis years

• Peak periods

• Analysis type

• Facility type

• Peak hours

• Number of legs

• Traffic Control



SPICE/ICE WEB ANALYSIS TOOL

Enter Traffic 
Volumes

• Opening year AM 
and PM Peak 
Counts

• Option to upload 
traffic counts

• Forecast AM and 
PM peak counts



SPICE/ICE WEB ANALYSIS TOOL

Enter Traffic 
Volumes

• Opening Year AM 
and PM Peak 
Counts

• Option to upload 
traffic counts

• Forecast AM and 
PM peak counts



SPICE/ICE WEB ANALYSIS TOOL

Design Selection

• Select 
intersection 
configuration 
options

• Defaults to current 
intersection type



SPICE/ICE WEB ANALYSIS TOOL

Design Selection

• Select intersection 
configuration 
options

• Defaults to current 
intersection type

• Select alternatives
• Click add



SPICE/ICE WEB ANALYSIS TOOL

Design Selection

• Select intersection 
configuration 
options

• Defaults to current 
intersection type

• Select alternatives
• Click add



SPICE/ICE WEB ANALYSIS TOOL

• Options selected 

• Move onto delay 
analysis



SPICE/ICE WEB ANALYSIS TOOL

• Enter delay for 
each design option

• Help window at the 
bottom



SPICE/ICE WEB ANALYSIS TOOL

Cost Parameters

• Enter costs for 
each option

• Design

• Construction

• Mitigation

• Cost check shown 
below entry area

• Notice the $5K 
minimum for 
Construction costs



SPICE/ICE WEB ANALYSIS TOOL

Cost Parameters

• Enter costs for 
each option

• Design

• Construction

• Mitigation

• Notice the $5K 
minimum for 
Construction costs



SPICE/ICE WEB ANALYSIS TOOL

Global Safety Data

• Enter Each intersecting 
road AADT

• Enter intersection crash 
data

• Based 5 years of crash 
data

• Use observed data or can 
use predicted crash data 
from an SPF for existing 
condition



SPICE/ICE WEB ANALYSIS TOOL

Safety Analysis 
Summary

• Review each design 
option

• Enter speed limit for 
major road



SPICE/ICE WEB ANALYSIS TOOL

Safety Analysis 
Summary

• Review each 
design option

• Crosswalks?

• Enter posted 
speed limit for 
major road



SPICE/ICE WEB ANALYSIS TOOL

Safety Analysis 
Summary

• Allows you to 
override default 
CMFs for a 
state specific 
CMF or some 
other analysis 
modification 
factoring



SPICE/ICE WEB ANALYSIS TOOL

Output - Benefit 
Cost Analysis

• Costs of each 
Alternative

• Net Present 
Values (NPV)

• Benefit Cost 
Ratios

• Total

• Delay

• Safety



SPICE/ICE WEB ANALYSIS TOOL
Generate 
Report



That’s it….

• Save your file 
• Click Export button in 

bottom left corner

• Print a report
• 2-page summary

• Create PDF summary file
• Print to Adobe PDF

ICE TOOL



PENNDOT WEB-BASED ICE TOOL



HSM + Python = hsmpy
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Background – Current Tools
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Current Tools for Comprehensive HSM Part C 
calculations based on AASHTO website:

 IHSDM

 HSM Spreadsheet Tools

 ISATe
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Background – More Advanced Tools
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At Jacobs, we perform a lot of HSM part C calculations 
and for several reasons, including the following, we 
decided to develop our internal tool to perform 
predicted crash analysis:

 Easier integration with input data (GIS)

 Capable of adjusting and incorporating more 
complex models (HSM2)

 Easy application for larger projects (multiple sites, 
HSM calibration efforts)

 Ability to be incorporated in project automation.
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What is hsmpy?
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 hsmpy = HSM + Python

 hsmpy is an internal Python package that includes 
HSM part C calculations.

 It was first developed in 2013 as part of a HSM 
calibration project and has been 
used/modified/QCed/Appended is multiple 
projects since then.

 Specifically, it has been QCed against HSM and 
AASHTO spread sheets.

 hsmpy provides core HSM calculations which can 
be easily adjusted, upgraded, and used.
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Why Python – Backend
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 Roadway, Intersection and Crash data are main datasets that are used for HSM 
calculations

 These datasets have geometry components and are usually represented in GIS 
format

 GIS data is usually stored/published/viewed as Esri geometry or open-source GIS 
solutions (shapely, geojson, etc.) which are easily accessible in Python.

 Providing a reference for HSM calculations that can be easily integrated and used 
by agencies, contractors, and practitioners.
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Why Python – Front end (User Interface)
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The hsmpy package can be used in 
different ways:

 Web-based applications

 Stand-alone applications

 Excel-Based Tools

 Esri-based Tools
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Applications – Next Steps
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 A Github repo for HSM

 An open-source Python version of 
HSM1 and HSM2

 Potentially adding sample problems 
and their solutions in Python format, 
solved using hsmpy

 Having one reference (QCed) version 
of HSM calculations that can be used 
by developers and advanced users to 
either perform analysis or to build 
easy-to-use applications for 
practitioners.

https://ops.fhwa.dot.gov/publications/fhwahop21040/ch1.htm
https://github.com/usdot-fhwa-stol/ads-traffic-regs/tree/cherneysp-initial
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Credit to all that have contributed to 
develop this package:
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Copyright notice

© Copyright Jacobs 2023

Important

. All rights reserved. The content and information 
contained in this presentation are the property of the Jacobs Group of 
companies (“Jacobs Group”). Publication, distribution, or reproduction of 
this presentation in whole or in part without the written permission of 
Jacobs Group constitutes an infringement of copyright. Jacobs, the 
Jacobs logo, and all other Jacobs Group trademarks are the property 
of Jacobs Group. 

NOTICE: This presentation has been prepared exclusively for the use and 
benefit of Jacobs Group client. Jacobs Group accepts no liability or 
responsibility for any use or reliance upon this presentation by any third 
party. 
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Discussion

For additional information go to 
www.highwaysafetymanual.org
or contact Kelly Hardy, P.E. at 

khardy@aashto.org
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