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EXECUTIVE SUMMARY

The 2012 Moving Ahead for Progress in the 21* Century Act (MAP-21) increased funding for state
Highway Safety Improvement Programs. For states to efficiently and effectively allocate these funds, it is
necessary to identify which intersections or roadway segments would respond to safety improvements,
to understand crash characteristics and contributing factors, and to identify potential countermeasures
for reducing crash frequency and severity.

In 2010, the American Association of State Highway Transportation Officials (AASHTO) published the
first edition Highway Safety Manual (HSM), which includes a number of quantitative analysis tools for
evaluating safety performance in the transportation system. One section of the HSM, Part B, Roadway
Safety Management Process, provides methods for identifying intersections and roadway segments that
have the potential for responding to safety improvements.

SafetyAnalyst software (an AASHTOWare product) makes it possible for a state transportation
department to use methods from the HSM and to automate the process of identifying intersections or
roadway segments that may respond to safety improvements, identifying potential improvements,
conducting benefit-cost analyses, and prioritizing projects for safety investments. The software delivers
analyses that are reliable, that are repeatable, and that assist safety project prioritization. Deploying
SafetyAnalyst requires that statewide crash, roadway network, and traffic volume data be integrated
into the specific database and data organization required to run the software. The major effort in
deploying SafetyAnalyst is integrating these different databases into a single database that meets
specific requirements.

The Arizona Department of Transportation’s (ADOT) objectives for this research were to identify the
data needs for the software, assess the quality of existing state data, address all data gaps, list the
requirements for inputting data and postprocessing SafetyAnalyst’s output, and provide
recommendations for deploying the software. The research addressed the combined concerns of
staffing, process, and future applications, as well as the data and technology requirements.

Recommendations

Concerning staffing, process, and future applications, it is recommended that ADOT commit staff time
from several units—Information Technology Group (ITG), Traffic Safety Section (TSS), Traffic Records
Section (TRS), Multimodal Planning Division (MPD), and Traffic Engineering Group (TEG)—to develop
and deploy the model. The team could comprise all ADOT staff or could include a contractor; however,
knowledge of ADOT database content and structures is required.

The ADOT team, collaborating to complete the data mapping, will need detailed knowledge of Arizona’s
crash, roadway, and traffic volume databases; safety expertise; and traffic engineering expertise. It is
estimated that it would take this team six months to a year to implement the first phase of the software,
assuming regular and frequent meetings, perhaps on a weekly basis, to review and confirm progress,
data needs, and data assumptions. The team would run the program initially for the network screening
using available data; address errors/issues; and verify the outcome.



An initial pilot deployment is recommended, with a long-term commitment to fully deploy the software
system wide. Over the long term, this will require the ADOT team to meet periodically to manage the
data system, plan for and deploy the different phases of the model, validate the model, apply the
model, and develop and provide training on the model, as needed.

From a data and technology perspective, the research supported recommendations for developing and
distributing the model (i.e., enterprise deployment); populating the database and completing the data
mapping; distributing and maintaining the software within ADOT; and implementing information
technology (IT) enhancements to develop the model. The recommendations relate to hardware and
software requirements and configurations; data storage needs; organization of people, systems, and
data required to deploy SafetyAnalyst; filling data gaps; data distribution; and a technology
implementation strategy.



CHAPTER 1. INTRODUCTION

The Arizona Department of Transportation (ADOT) Highway Safety Improvement Program (HSIP) focuses
on locating and addressing potential safety concerns on State Highway Systems. There are three
components to a successful HSIP: Planning, Implementation, and Evaluation (ADOT 2010, page 13).
Planning for highway safety involves identifying sites with potential for safety improvement, studying
the sites and selecting cost-effective countermeasures, and prioritizing the sites to achieve the most
cost-effective safety investment program. While state safety planners and engineers have been
conducting these analyses for many years, states have recently been required by federal transportation
funding legislation to conduct analyses for all public roads, and the analytical tools available to conduct
these analyses have changed. Statistical methods for identifying sites with potential for safety
improvement have improved and provide results that remain consistent from year to year, and software
tools have been developed to deploy these methods comprehensively.

One such tool is the AASHTOWare licensed product SafetyAnalyst. Developed through a Federal
Highway Administration (FHWA)-pooled fund study, SafetyAnalyst is a software tool for comprehensive
roadway safety management analysis. The SafetyAnalyst software brings many advantages to a state
department of transportation (DOT). The quantitative network screening methods in the software are
considered state-of-the-practice and are consistent with, though not entirely the same as, the network
screening methods described in the first edition of the American Association of State Highway and
Transportation Officials (AASHTO) Highway Safety Manual (HSM). The software automates tedious
processes to apply advanced network screening methods at a statewide level (e.g., identifying and
segmenting homogenous roadway segments); provides guidance for diagnosing issues and selecting
countermeasures; and automates benefit-cost and project prioritization processes for large networks.

Developing and deploying the software requires significant effort from Information Technology (IT),
planning, traffic engineering, and safety staff to map data from existing state databases into the
software, and to identify and prioritize data needed to fill gaps that might prevent the software from
functioning properly. Toward this end, the objectives of this project were to identify the data needs for
SafetyAnalyst software, assess the quality of existing state data, address all data gaps, and identify
requirements for inputting data and post-processing SafetyAnalyst’s output for presentation. This
research developed a path for ADOT to identify the labor, materials, and other resources necessary to
successfully implement SafetyAnalyst as a tool for safety planning in Arizona transportation projects.

To accomplish these objectives, the research team:

e Researched and evaluated SafetyAnalyst data requirements and success stories of applying
SafetyAnalyst at Washington State DOT and Ohio DOT.

e Evaluated existing ADOT data sources, technologies, and intentions for applying SafetyAnalyst.

e Conducted a pilot application of SafetyAnalyst on a small portion of the ADOT system.

e Recommended approaches to filling data gaps and implementing the software.

e Recommended data integration and management for ADOT’s approved technology stack. (A
technology stack is a suite of subcomponents or layers needed to create a complete tool.)



This report is organized into chapters that address each element of the research:

e Chapter 2 — An overview of the critical data and systems requirements for a successful
SafetyAnalyst implementation.

e Chapter 3 — An overview of the state of the practice on SafetyAnalyst development and
implementation at Washington and Ohio Departments of Transportation.

e Chapter 4 — Documentation of ADOT’s desires for integrating SafetyAnalyst and the availability
of agency data systems, preliminary gaps and resources that could satisfy SafetyAnalyst’s data
requirements.

e Chapter 5 — Detailed discussion of gaps between existing and desired conditions needed for
successful implementation of the software, as well as recommendations on how to fill these
gaps.

e Chapter 6 — Recommendations for integrating SafetyAnalyst into standard business practices at
ADOT.

e Chapter 7 — Recommendations for a technology implementation strategy to support
SafetyAnalyst implementation.

e Chapter 8 - Recommendations and conclusions for this project.



CHAPTER 2. DATA REQUIREMENTS FOR HSM AND SAFETYANALYST

This chapter summarizes the critical data and systems requirements for successful SafetyAnalyst
implementation. To accomplish this task, the research team researched, reviewed, and summarized
HSM and SafetyAnalyst data and IT needs using existing HSM and SafetyAnalyst documentation.

Overview of SafetyAnalyst

SafetyAnalyst is a software package available through AASHTO. It can be used by transportation
agencies to identify safety improvement needs and guide systemwide programming of site-specific
safety improvements through the general safety management process. SafetyAnalyst deploys Part B,
Roadway Safety Management Process, of the AASHTO HSM. Part B of the HSM provides methods for
identifying intersections and roadway segments that have the potential for responding to safety
improvements. SafetyAnalyst makes it possible for a state to automate the evaluation process and use
the most advanced methods from the HSM to identify intersections or segments that may respond to
safety improvements, identify potential improvements, conduct benefit-cost analyses, and prioritize
projects for safety investments.

There are four modules in the SafetyAnalyst software:

e Module 1 - Network Screening. This module allows users to review the entire roadway network
and identify sites with potential for safety improvements.

e Module 2 — Diagnosis and Countermeasure Selection. This module helps users diagnose safety
problems at a specific site and select appropriate countermeasures.

e Module 3 — Economic Appraisal and Priority Ranking. This module allows users to conduct an
economic analysis of a specific countermeasure or several alternative countermeasures for a
specific site. The priority ranking functionality ranks countermeasures by the benefit and cost
estimates determined by the economic appraisal.

e Module 4 — Countermeasure Evaluation. This module helps users estimate the safety effect of
countermeasures implemented at a specific site.

SafetyAnalyst Data Requirements

SafetyAnalyst has two tiers of data requirements: 1) required minimum data and 2) recommended
additional data. The required minimum data are the datasets and attributes that must be present in the
appropriate format and loaded into the SafetyAnalyst database for the software to operate. These
required datasets include Roadway Segments, Intersections, Ramps, and Crashes. The minimum
attributes for each dataset are listed in Figure 1.



Roadway Segment

Roadway Segment ID
Segment location
Segment length

Area type

Through lanes
Median type

Access control

One vs. Two-way
Traffic volume (AADT)

Ramp

Ramp number

Ramp location

Area type

Ramp length

Ramp type

Ramp configuration

Ramp traffic volume (AADT)

Crash/Accidents

Crash ID

Crash location
Route Type

Route Name

Crash Date
Collision type
Severity

Fatalities

Injuries
Relationship to junction
Number of Vehicles

Intersections

Intersection number

Intersection location

Intersection Type

Area type

Intersection legs

Traffic control type

Major-road traffic volume (AADT)
Minor-road traffic volume (AADT)

Maneuvers by involved vehicles

Figure 1. Minimum Attributes by Dataset

Beyond the required minimum data, the SafetyAnalyst guidance documents suggest that the full
database schema should be implemented to take full advantage of the network screening tools and
other modules.The full SafetyAnalyst schema adds a significant volume of attribute data and introduces
some complex relationships between attribute tables. For example, the minimum schema requires the
presence of an intersection and the traffic volumes at each leg of the intersection. The full
recommended schema for SafetyAnalyst input data is presented in Figure 2.
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Figure 2. SafetyAnalyst Database Schema (Continued)




The boxes in the ER diagram represent data tables in the SafetyAnalyst database. Within each box is a
listing of attributes for that data table and the data type and size requirements for the attribute value.
For example, ACCIDENTID: VARCHAR2 (128) represents an attribute for Accident ID, which can be a mix
of numbers and letters up to 128 characters long. Attributes listed in red must be unique identifiers that
then establish a primary key/foreign key relationship to another attribute table within the schema.

SafetyAnalyst System Requirements

The SafetyAnalyst software package must be installed on a computer that allows user access to the
SafetyAnalyst application and database. SafetyAnalyst supports two configurations for implementation:
1) stand-alone workstation implementation, and 2) enterprise implementation. The stand-alone
configuration is intended for individual or small group use, while the enterprise configuration is
intended for multiuser organizations. Both configurations allow for full utilization of the SafetyAnalyst
product.

The stand-alone configuration requires a Personal Computer (PC) workstation with the minimum
specifications shown in Table 1.

Table 1. Minimum Hardware Specifications for a Stand-Alone Work Station

Small Agency Large Agency
Machine x86 (32-bit) x86-64 (64-bit)
CPU Operating system dependent Operating system dependent
Memory 1GB 2 GB
Video 1024 x 768, 16-bit color 1024 x 768, 16-bit color
Mouse Microsoft or compatible Microsoft or compatible
Hard Disk 200 MB 200 MB

Given the volume of crash records available to ADOT and the complexity of the roadway network, the
research team recommends that ADOT use the “Large Agency” minimum specifications for any stand-
alone configuration.

The SafetyAnalyst Administration Tool Manual, however, recommends that a stand-alone configuration
use a PC workstation with the specifications shown in Table 2.



Table 2. Hardware Specifications for a Stand-Alone Work Station Installed with Safety Analyst

Small Agency Large Agency
Machine x86 (32-bit) x86-64 (64-bit)
CPU Operating system dependent Operating system dependent
Memory 2GB 8 GB
Video 1280 x 1024, 32-bit color 1280 x 1024, 32-bit color
Mouse Microsoft or compatible Microsoft or compatible
Hard Disk 20 GB 20 GB

In addition to the hardware requirements for a stand-alone configuration, SafetyAnalyst requires the
software shown in Table 3.

Table 3. SafetyAnalyst Software Requirements

Operating System Microsoft Windows XP (32-bit or 64-bit)

Windows Vista (32-bit or 64-bit)

Windows 7 (32-bit or 64-bit)

A Linux version of SafetyAnalyst is available on request.

HTML browser, PDF viewer, or RTF viewer required; CSV-capable spreadsheet program

Browser
recommended.

The SafetyAnalyst stand-alone configuration requires the use of a Java Database Connectivity (JDBC)-
compliant database. Therefore, only JAVA databases or Apache Derby are supported.

For an enterprise deployment of SafetyAnalyst, an additional hardware and software configuration is
required. An enterprise deployment extends the SafetyAnalyst application to many users and improves
the overall performance of the system and analysis. The enterprise deployment still requires an
individual user to have a workstation meeting the minimum requirements shown above. The enterprise
deployment requires that the workstation be connected to the agency’s network and that the database
server meet the specifications shown in Table 4.

Table 4. Additional Hardware and Software Configuration Requirements for an Enterprise Deployment

Hard Disk 20 GB

Network 100 Mbit/s minimum, 1 Gbit/s recommended

Database Management Any hardware, operating system, and an SQL-compliant DBMS that supports the
System (DBMS) Java Database Connectivity (JDBC) API°

® Fully tested DBMS include Oracle, Microsoft SQL Server, and Apache Derby. Minimal testing has been conducted on MySQL
and Sybase DBMS.
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ADOT's standard Microsoft SQL Server is a supported Relational Database Management Server (RDBMS)
for SafetyAnalyst.

Other considerations for SafetyAnalyst hardware and software configurations are as follows:

e CPU and memory requirements vary by operating system. For Microsoft operating systems, the
minimum requirements recommended for the selected operating system are sufficient to
support SafetyAnalyst in a minimum (stand-alone) configuration.

e SafetyAnalyst database is limited to 1 GB on 32-bit systems. For large datasets (in excess of
70,000 sites or 1 million crash records), a 64-bit operating system with 2 GB or more of memory
may be required to perform data management, or to perform single network screening analysis
on all sites in the dataset.

e SafetyAnalyst is implemented in the Java programming language. It will run on any platform
with a Version 6 Java runtime environment (JRE). The Version 6 32-bit JRE is packaged with the
SafetyAnalyst installers. A separate Version 6 64-bit JRE is also available.

e Although not officially supported, SafetyAnalyst may function on operating systems that are no
longer supported by Microsoft (e.g., Windows 2000 Professional).

e Data storage requirements depend on the size of the inventory, traffic, and crash data. For
example, a near-production dataset of 25,000 roadway segments, 46,000 intersections,

1.4 million crashes, and nine years of traffic data requires less than 1.5 GB of disk space for a
local (Apache Derby) database.

Figure 3, reproduced from the SafetyAnalyst manuals (FHWA 2009a-2009d), provides an overview of
the SafetyAnalyst systems architecture (including users, data, and tools).
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Figure 3. SafetyAnalyst Data Model

Highway Safety Manual Data Requirements

The HSM (AASHTO 2010, 2014) presents a variety of analysis methodologies that can be used in the
safety management process. The HSM is organized into the following four parts:

e Part A—Introduction, Human Factors, and Fundamentals
e Part B - Roadway Safety Management Process

e Part C—Predictive Method

e Part D— Crash Modification Factors

In general, HSM methods require crash, facility, and traffic volume data:

e Crash data. HSM applications typically require the following crash data elements: crash location
(milepost/log mile/coordinate); date and time; severity level (fatal/injury/ property damage
only); collision type; and basic information about the roadway, vehicles, and people involved.

e Facility data. Facilities can be either roadway segments or intersections.
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0 Roadway segments. Facility characteristics for roadway segments generally include area
type (e.g., urban/suburban, rural); site length; roadway cross section; added lanes;
roadway horizontal and vertical alignment; driveway type (e.g., major or minor
industrial/institutional, major or minor commercial, major or minor residential); density;
roadside conditions; and lighting.

0 Intersections. Facility characteristics for intersections generally include intersection
configuration, type of traffic control, turn lanes, intersection angle, sight distance,
enforcement devices, terrain, and lighting.

o Traffic volume data. For roadway segments, the annual average daily traffic (AADT) volumes for
the road in question are needed; for intersections, the average daily traffic (ADT) volumes of
intersecting roads (major and minor roads) are needed. In some cases, additional volume data,
such as pedestrian crossing counts or turning movement volumes, may be necessary.

The availability of data influences the HSM methods that can be applied. In addition, the more rigorous
HSM methods require statistical analysis to develop either local safety performance functions or local
calibration factors. This section identifies the data necessary for Part B, Roadway Safety Management
Process and Part C, Predictive Method.

Part B — Roadway Safety Management Process

Part B of the HSM, the Roadway Safety Management Process, includes chapters on Network Screening,
Diagnosis, Countermeasure Selection, Economic Appraisal, Project Prioritization, and Safety
Effectiveness Evaluation. Network Screening and Economic Appraisal are the most data-intensive
chapters in Part B. Data requirements for these chapters are presented below (Dixon et al. 2011).

Network Screening. Network screening is the process of identifying and ranking sites where
countermeasures are likely to be effective in reducing crash frequency. The HSM identifies 13
performance measures that can be used for network screening; the data requirements vary depending
on the performance measure(s) being used. Table 5 summarizes the data requirements of the 13
performance measures included in the HSM. All 13 methods require crash data and roadway
information for categorization. Some of the methods also require traffic volumes or a calibrated safety
performance function (SPF) with an overdispersion parameter.
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Table 5. Network Screening Performance Measures Data Needs

Calibrated Safety
Roadway
Information Traffic Performance
Performance Measures Crash Data a Function and Other
for Volume . .
Categorization Overdispersion
Parameter

Average Crash Frequency X X
Crash Rate X X X
Equivalent Property Damage EPDO Weighting
Only (EPDO) Average Crash X X Factors
Frequency
Relative Severity Index X X Relétlve Severity

Indices
Critical Crash Rate X X X
Excess Predicted Average
Crash Frequency Using Method X X X
of Moments®
Level of Service of Safety X X X X
Excess Predicted Average
Crash Frequency Using Safety X X X X
Performance Functions (SPF)
Probability of Specific Crash
Types Exceeding Threshold X X
Proportion
Excess Proportion of Specific X X
Crash Types
Expected Average Crash
Frequency with Empirical X X X X
Bayes (EB) Adjustment
EPDO Average Crash X X X X EPDO Weighting
Frequency with EB Adjustment Factors
Excess Expected Average Crash X X X X
Frequency with EB Adjustment

Source: AASHTO 2010. Highway Safety Manual, Volume |. Table 4-1, Summary of Data Needs for Performance Measures.
®Traffic volumes could be AADT, ADT, or peak-hour volumes.

®The Method of Moments consists of adjusting a site’s observed crash frequency according to the variance in the crash data
and average crash counts for the site’s reference population. Traffic volume is needed to apply Method of Moments to
establish the reference populations by ranges of traffic volumes, as well as site geometric characteristics.

In a network screening process, the selected performance measure is applied to all sites under
consideration. The screening methods depend on the type of facility:

e Segments (e.g., roadway segments or ramps) are screened by using either sliding window or
peak-searching methods. The simple ranking method also can be applied to segments; however,
unlike sliding window and peak-searching methods, performance measures are calculated for
the entire length (typically 0.1 mi) of the segment under this method.

e Nodes (e.g., intersections, ramp terminal intersections, or at-grade rail crossings) are screened
by using simple ranking methods.
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e Facilities (e.g., a combination of segments and nodes) are screened by using a combination of
segment and node screening methods.

Table 6 summarizes the performance measures that are consistent with each screening method. The last
column of the table identifies the performance measures that are compatible with SafetyAnalyst.

Table 6. Performance Measure Consistency with Screening Methods

Segments In

Performance Measure Simple Sliding Peak Nodes Facilities 5

Ranking | Window | Searching SafetyAnalyst?
Average Crash Frequency Yes Yes No Yes Yes Yes
Crash Rate Yes Yes No Yes Yes Yes
EPDO Average Crash Frequency Yes Yes No Yes Yes Yes
Relative Severity Index Yes Yes No Yes No Yes
Critical Crash Rate Yes Yes No Yes Yes No
Excess Predicted Average Crash Ves Yes No Ves No No

Frequency Using Method of Moments

Level of Service of Safety Yes Yes No Yes No Yes

Excess Predicted Average Crash

Frequency Using SPFs Yes Yes No Yes No Yes
Probability of Specific Crash Types
Exceeding Threshold Proportion ves ves No Yes No Yes
Excess Proportion of Specific Crash Yes Yes No Yes No Ves
Types
Expected Average Crash Frequency

Y Y Y Y N Y
with EB Adjustment es es es es ° es
EPPO Average Crash Frequency with EB Ves Yes Yes Yes No Yes
Adjustment
Excess Expected Average Crash Ves Yes Yes Yes No Yes

Frequency with EB Adjustment

Source: AASHTO 2010. Highway Safety Manual, Volume |. Table 4-3, Performance Measure Consistency with Screening
Methods.

Economic Appraisal. Economic appraisals compare the monetary benefits of a potential crash
countermeasure (i.e., benefits associated with a change in crash frequency) to the project costs. The
data needed to calculate the change in crash frequency and countermeasure implementation costs are
summarized in Table 7.
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Table 7. Data Needs for Economic Appraisals

Activity | Data Needed to Calculate Project Benefits

Calculate Monetary Benefit

Estimate change in crashes by severity | Crash history by severity®

Current and future AADT volumes

Implementation year for expected countermeasure

SPF for current and future site conditions (if necessary)

Crash modification factors (CMFs) for all countermeasures under
consideration

Convert change in crash frequency to | Monetary value of crashes by severity

annual monetary value Change in crash frequency estimates®

Convert annual monetary value to a Service life of the countermeasure

present value Discount rate (minimum rate of return)
Calculate Costs

Calculate construction and other Subject to standards for the jurisdiction

implementation costs®

Convert costs to present value Service life of the countermeasure(s)

Project phasing schedule

Source: AASHTO 2010. Highway Safety Manual, Volume I. Section 7-3, Data Needs.

? Systemwide crash history by severity should be stratified according to facility type and area type.

b Change in crash frequency estimates is calculated from primary crash data, SPFs, and/or CMFs.

¢ Calculation of construction and implementation costs would require data such as approximate quantities for proposed
countermeasure(s), unit costs, and other estimates of miscellaneous items associated with design and construction of the
proposed improvement(s).

Part C — Predictive Method

The HSM Part C, Predictive Method, includes predictive models, which consist of SPFs, CMFs, and
calibration factors that have been developed for specific roadway segment and intersection types. These
predictive models are used to estimate the predicted average crash frequency for a particular site, using
a regression model developed from data from a number of similar sites. The SPFs are the basis of the
predictive models and were developed in HSM-related research from the most complete and consistent
available FHWA Highway Safety Information System (HSIS) crash and roadway characteristics datasets.
However, because crash frequencies can vary significantly from one jurisdiction to another, it is
important to calibrate SPFs for application in each jurisdiction for reliable results (Srinivasan and Bauer,
2013).

Part C recommends development of calibration factors for all SPFs being used. Alternatively, agency-
specific safety performance functions can be developed (Srinivasan et al. 2013). Table 8 summarizes the
SPFs available for Part C, Predictive Method, by facility type.
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Table 8. Part C, Predictive Method, SPFs Available by Facility Type and Site Types

Int ti
Undivided | Divided _TLETSOCIonS
- Stop Control on Minor . .
Facility Type Roadway Roadway Leg(s) Signalized
Segments Segments g
3-Leg 4-Leg 3-Leg 4-Leg

Rural two-lane, two- v _ v v _ v
way roads (Ch. 10)
Rural multilane v v v v _ v
highways (Ch. 11)
Urban and suburban v v v v v v
arterials (Ch. 12)

Source: AASHTO 2010. Highway Safety Manual, Volume II. Table C-1, Safety Performance Functions by Facility Type and Site
Types in Part C.

The 2014 supplement to the HSM extended the predictive method to freeways and ramps. The freeway
types are:

e Rural freeway segment with four to eight lanes

e Urban freeway segment with four to ten lanes

e Freeway speed-change lanes associated with entrance ramps and exit ramps

The ramps included in the method are:
e Entrance ramp segment with one or two lanes
e Exit ramp segment with one or two lanes
e Collector-distributor (C-D) road segment with one or two lanes
e Crossroad ramp terminal (many different types are included in the HSM)

To calibrate the Part C SPFs, site and crash data must be collected from 30 to 50 sites for each SPF being
calibrated. Details of how to estimate calibration factors are provided in Appendix A of Part C of the
HSM. Table 9 presents data requirements for the predictive methods outlined in Chapters 10 through 14
of the HSM. The solid circles (®) represent minimum required data elements, while the open circles (0)
represent desired data elements. As noted in the table, actual data are needed for the minimum
required data elements, while default assumptions can be used for desired data elements.
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Table 9. HSM Data Requirements for Predictive Methods®

Ramps &
Rural Two- Rural Urban and Freeways C-D Road
. . Lane Multilane Suburban (HSM Segments
Detailed Data Requirements Highways Highways Arterials Supplement (HSM Notes
(Chapter 10) | (Chapter 11) | (Chapter 12) | Chapter 18) | Supplement
Chapter 19)
Roadway Segments
Segment length (miles) ° ° ° ° Need actual data
Ramp or coIIector—dlstrlbutor o Need actual data
road segment (miles)
Lane width (feet) . ° ° Need actual data
Shoulder type Need actual data
Shoulder width (paved width,
left and right shoulders) (feet) ¢ ¢ ¢ ¢ Need actual data
Default
Presence of horizontal curve o o assumption is not
present
Lengths of horlzc.mtal curves o N o Need actual data
and tangents (miles)
Length of curve in segment
(cannot exceed segment . . Need actual data
length or curve length)
Radii of horizontal curves
° . ° Need actual data
(feet)
Default
Presence of spiral transition o o assumption based
for horizontal curves on agency design
policy
Default
Superelevation variance for ° assumption is no
horizontal curves superelevation
variance
Default
Grade (percent) o assumption based
on terrain®
Default
Presence of lighting o o o assumption is no
lighting
Driveway density (driveways Default
per mile) o assumption is
5 driveways per
mile
Presence of passing lanes Default
o assumption is not
present
Presence of short 4-lane Default
section o assumption is not

present
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Table 9. HSM Data Requirements for Predictive Methods (Continued)

Ramps &
Rural Two- Rural Urban and Freeways C-D Road
. . Lane Multilane Suburban (HSM Segments
Detailed Data Requirements Highways Highways Arterials Supplement (HSM Notes
(Chapter 10) | (Chapter 11) | (Chapter 12) | Chapter 18) | Supplement
Chapter 19)
Roadway Segments (Continued
Presence of center two-way o o Need actual data
left-turn lane
Default
Presence of centerline rumble o assumption based
strips on agency design
policy
Presence of shoulder rumble Default -
strips o assumption is not
present
Length of rumble strips (inside N Need actual data
and outside shoulders)
Default
. . assumption is
Roadside hazard rating o roadside hazard
rating =3
Default
Presence of automated speed o o o assumption based
enforcement on current
practice
Sideslope (for undivided o Need actual data
roadway segments)
I\/_Igdmn width (feet) (for o o Need actual data
divided roadway segments)
Presence of median ° Need actual data
Number of driveways by land
use type (major commercial,
minor commercial, major
industrial/institutional, major
residential, minor residential,
other)
Speed category (low vs.
intermediate or high épeed) R Need actual data
(based on actual traffic speed
or posted speed limit)
Average traffic speed on
freeway during off-peak . Need actual data
periods of the typical day
Number of through traffic
° ° ° Need actual data

lanes
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Table 9. HSM Data Requirements for Predictive Methods (Continued)

Ramps &
Rural Two- Rural Urban and Freeways C-D Road
. . Lane Multilane Suburban (HSM Segments
D led D R N
etailed Data Requirements Highways Highways Arterials Supplement (HSM otes
(Chapter 10) | (Chapter 11) | (Chapter 12) | Chapter 18) | Supplement
Chapter 19)
Roadway Segments (Continued
Presence of on-street parking . Need actual data
Type of on-street parking
(parallel vs. angle; one side vs. ° Need actual data
both sides of street)
Rgad5|de. fixed o.bJect density Default
(fixed objects/mile, only .
. . assumption based
obstacles 4-in or more in . .
. o on fixed-object
diameter that do not have a .
. offset and density
breakaway design are . ¢
categories
counted)
Presence of entrance speed- o Need actual data
change lane
Presence of exit speed-change o Need actual data
lane
Length of speed-chang.e lane N o Need actual data
(from gore to taper point)
Presence of barriers (barriers
in the median and roadside Default
that are offset from the near o assumption is not
edge of traveled way by 30 ft present
or less)
Length of barriers (for barriers
in the median and roadside
that are offset from the near ° . Need actual data
edge of traveled way by 30 ft
or less)
Offset of barriers (for barriers
in the median and roadside
that are offset from the near ° ° Need actual data
edge of traveled way by 30 ft
or less)
Width of i ff:
Idt. © cor?tmuous offset . Need actual data
median barrier
Default
Presence of weaving section o o assumption is not
present
Weaving section length ° ° Need actual data
Length of weaving section
located in the segment
° Need actual data

(between the segment’s begin
and end points)
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Table 9. HSM Data Requirements for Predictive Methods (Continued)

Ramps &
Rural Two- Rural Urban and Freeways C-D Road
. . Lane Multilane Suburban (HSM Segments
Detailed Data Requirements Highways Highways Arterials Supplement (HSM Notes
(Chapter 10) | (Chapter 11) | (Chapter 12) | Chapter 18) | Supplement
Chapter 19)
Roadway Segments (Continued
Distance to nearest upstream
entrance ramp in each travel ° Need actual data
direction
Distance to nearest
downstream exit ramp in each . Need actual data
travel direction
Clear zone width (feet) ° Need actual data
Milepost of beginning of curve
in direction of travel
(measured along the right . Need actual data
edge of the ramp through
lane)
Presence of lane added to the
° Need actual data
ramp or C-D road
Presence of lane dropped to o Need actual data
the ramp or C-D road
Length of taper in the segment
(if lane added to or dropped ° Need actual data
from ramp or C-D road)
Intersection Data
Number of intersection legs o o o Need actual data
(30r4)
Type of trafflc.control (minor o o o Need actual data
road stop or signal control)
Type of traffic control usgd at o Need actual data
the crossroad ramp terminal
Intersection skew angle Default
(degrees departure from o o assumption is no
90 degrees) skew®
Number of approaches with o o o Need actual data
left turn lanes
Number of approaches with o o o Need actual data
right turn lanes
F_‘resgnce of intersection o o o Need actual data
lighting
Presence of left-turn phasing o Need actual data

(signalized intersections only)
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Table 9. HSM Data Requirements for Predictive Methods (Continued)

Ramps &
Rural Two- Rural Urban and Freeways C-D Road
. . Lane Multilane Suburban (HSM Segments
D led D R N
etailed Data Requirements Highways Highways Arterials Supplement (HSM otes
(Chapter 10) | (Chapter 11) | (Chapter 12) | Chapter 18) | Supplement
Chapter 19)
Intersection Data (Continued)
Type of left-turn phasing Prefer actual data,
(permissive, protected/ but agency
permissive, permissive/ ° practice may be
protected, or protected) used as a default
(signalized intersections only) assumption
Number of approaches on
WhICh rlght—tyrn—c?n—red is o Need actual data
prohibited (signalized
intersections only)
Presence of red-light cameras ° Need actual data
Maximum number of lanes to Estimate from
. number of lanes
be crossed by a pedestrian on
. . o and presence of
any approach (for signalized . .
. . median on major
intersections only)
road
L Default
Presence of bus stops within o a;j; tion is not
1,000 ft of the intersection P
present
Presence of schools within o aDsesfj:':ttion is not
1,000 feet of the intersection P
present
Number of alcohol sales Default
establishments within 1,000 ft o assumption is not
of the intersection present
AADT for road segments . o . o Need actual data
(vehicles per day)
AADT f j
. or. major road at ° . ° Need actual data
intersections
AADT for minor road at o o o Need actual data
intersections or best estimate
Pedestrian volumes crossin Estimate with
each intersection le ° © Table 12-15in
& HSM
Proportion of freeway AADT
volume that occurs during
hours where the lane volume . Need actual data

exceeds 1,000 vehicles per
hour per lane

22




Table 9. HSM Data Requirements for Predictive Methods (Continued)

Ramps &
Rural Two- Rural Urban and Freeways C-D Road
. . Lane Multilane Suburban (HSM Segments
Detailed Data Requirements Highways Highways Arterials Supplement (HSM Notes
(Chapter 10) | (Chapter 11) | (Chapter 12) | Chapter 18) | Supplement
Chapter 19)
Intersection Data (Continued)
Freeway AADT volume [ Need actual data
Upstream entrance ramp
AADT volume . Need actual data
Downstream exit ramp AADT N Need actual data

volume

Source: AASHTO 2010. Highway Safety Manual, Volume Il. Adapted from Table A-2, Data Needs for Calibration of Part C
Predictive Models by Facility Type.

? Legend: ® Required; o Desirable.

b Suggested default values for calibration purposes: CMF = 1.00 for level terrain; CMF = 1.06 for rolling terrain; CMF = 1.14 for

mountainous terrain.

 CMF estimates may be based on two categories of offset to fixed-object (Of,)—either 5 or 20 ft—and three categories of fixed-

object density (Ds,) — 0, 50, or 100 objects per mile.

4If measurements of intersection skew angles are not available, the calibration should preferably be performed for

intersections with no skew.

The Part C predictive models have default crash distribution percentages for crash type and crash

severity that are used to convert total crash data to crash type and severity data. Replacing these

default values with locally derived crash type or severity distributions will improve the reliability of the

predictive models. Table 10 summarizes the default distributions, including the corresponding HSM

table or equation number for rural two-lane highways, rural multilane arterials, and urban and suburban

arterials. Table 11 provides similar information for freeways and ramps in the HSM.
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Table 10. Predictive Method Default Crash Distributions — Rural Two-Lane Highways,
Rural Multilane Highways, and Urban and Suburban Arterials

HSM Table Type of Roadway Element
Chapter or Equation Roadway . Data Element or Distribution that May Be Calibrated
Intersections
Number Segments
Table 10-3 X Crash severity by facility type for roadway segments
Table 10-4 X Collision type by facility type for roadway segments
Table 10-5 X Crash severity by facility type for intersections
Chapter 10 — — — - -
Rural Two- Table 10-6 X Collision type by facility type for intersections
Lane. Two- Equation 10-18 X Driveway-related crashes as a proportion of total crashes
Way Roads Table 10-12 X nghtFlme crashes as a proportion of total crashes by
severity level
Table 10-15 X nghtFlme crashes as.a proporltlon of total crashes by
severity level and by intersection type
Table 11-4 X Crash severity and collision type for undivided segments
Table 11-6 X Crash severity and collision type for divided segments
Table 11-9 X Crash severity and collision type by intersection type
Chapter 11 — Nighttime crashes as a proportion of total crashes by
Rur:| Table 11-15 X severity level and by roadway segment type for divided
Multilane ro.adw.ay segments :
Highways Nighttime crashes as a proportion of total crashes by
Table 11-19 X severity level and by roadway segment type for divided
roadway segments
Table 11-24 X nght.tlme crashes as.a proporFlon of total crashes by
severity level and by intersection type
Table 12-4 X Crash §ever|ty an.cl_colllsmn type for multiple-vehicle
nondriveway collisions by roadway segment type
Table 12-6 X Crash severity and collision type for single-vehicle crashes
by roadway segment type
Table 12-7 X Crash severity for driveway-related collisions by roadway
segment type
Table 12-8 X Pedestrian crash adjustment factor by roadway segment
type
Chapter 12 — Table 12-9 X Bicycle crash adjustment factor by roadway segment type
Urban and Table 12-11 X Crash sever.lty and c9I||5|on type for multiple-vehicle
Suburban crashes by intersection type
Arterial ; — - -
rterials Table 12-13 X Cra_sh seven_ty and collision type for single-vehicle crashes
by intersection type
Table 12-16 X Pedestrian crash adjustm.ent factor by intersection type for
stop-controlled intersections
Table 12-17 X Bicycle crash adjustment factor by intersection type
Table 12-23 X nght'tlme crashes as a proportion of total crashes by
severity level and by roadway segment type
Table 12-27 X Nighttime crashes as a proportion of total crashes by

severity level and by intersection type

Source: AASHTO 2010. Highway Safety Manual, Volume II. Adapted from Table A-3, Default Crash Distributions Used in Part C
Predictive Models Which May Be Calibrated by Users to Local Conditions.
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Table 11. Predictive Method Default Crash Distributions — Freeways and Ramps

HSM Table P :
HSM Chapter Data Element or Distribution that May Be Calibrated
Number
Table 18-6 Multiple-vehicle crashes by crash type for freeway segments
Table 18-8 Single-vehicle crashes by crash type for freeway segments
Chapter 18— F
apter reeways Table 18-10 Ramp-entrance-related crashes by crash type
Table 18-12 Ramp-exit-related crashes by crash type.
Table 19-6 Multiple-vehicle crashes by crash type and severity for ramp and C-D road
segments
Table 19-9 Single-vehicle crashes by crash type and severity for ramp and C-D road
Chapter 19 - Ramps segments
Table 19-16 Signal-controlled ramp terminal crashes by crash type and severity
Table 19-21 One-way stop-controlled ramp terminal crashes by crash type and severity
Table 19-45 All-way stop-controlled ramp terminal crashes by crash type and severity

Relationship of HSM Methods to SafetyAnalyst

Many of the roadway safety management procedures in the HSM can be implemented by using
SafetyAnalyst. For example, HSM Part B includes both traditional and state-of-the-art safety analysis
approaches like those included in SafetyAnalyst. The HSM presents a broader range of analytical
methods, but the preferred (most unbiased) methods are identical or very similar to those presented in
SafetyAnalyst. For some methods, the computational approach in the HSM is slightly simpler than the
comparable SafetyAnalyst approach so that users can more easily perform manual computations. Refer
again to Table 6 for a summary of network screening performance measures in the HSM and a list of
which performance measures are included in SafetyAnalyst.
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CHAPTER 3. LESSONS LEARNED FROM STATES: WASHINGTON AND OHIO

This chapter describes the implementation of SafetyAnalyst in two other states. The research team
conducted on-site interviews with staff from Ohio Department of Transportation (ODOT) and
Washington State Department of Transportation (WSDOT). Through these extended interviews, the
research team learned details about each state’s development, deployment, and application of
SafetyAnalyst. The agenda for both meetings is included in Appendix A.

ODOT Lessons Learned

The ODOT interview was conducted on February 28 and March 1, 2013. Derek Troyer, transportation
engineer, Office of Systems Planning and Program Management, and Lavinia Sugarman, IT systems
analyst, were present and participated in all topics of the interview. David Blackstone, manager, Office
of Technical Services, was present and participated only for the discussion about data and data
management.

ODOT staff provided presentation materials (Appendix B) responding to many of the questions in the
meeting agenda. The following topics were discussed:

e The SafetyAnalyst Story at ODOT

e How ODOT Is Using SafetyAnalyst

o Implementing SafetyAnalyst — Data, Schema, Integration, Warehouse

e Implementing SafetyAnalyst — IT Needs

e Implementing SafetyAnalyst — Staffing and Organizational Requirements
e Lessons Learned

The SafetyAnalyst Story at ODOT

e ODOT began beta testing SafetyAnalyst in 2007 and had a fully functional model in 2010. ODOT
believes that the development time frame would be much shorter now that many of the
software bugs have been fixed.

e ODOT staff strongly encourage other DOTs to implement SafetyAnalyst in a phased approach
(for example, by starting with two-lane rural highways in a particular district or region).

How ODOT Is Using SafetyAnalyst

e ODOT is currently using only the network screening module; they are in the process of
developing and populating the data in the model to apply the evaluation module.

e The diagnosis module is available; they believe it is most useful to younger/less experienced
engineers and planners. They believe that staff with more experience are not relying on this
module. They also use the diagnosis module to confirm potential countermeasures or to see
whether SafetyAnalyst identifies different solutions.
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e ODOT does not apply the network screening results directly from the software. ODOT
postprocesses the rankings provided by SafetyAnalyst to address department considerations
and priorities.

e SafetyAnalyst is developed and deployed at the central office. District offices are provided a
version of the model for use in district safety evaluations.

e ODOT has used SafetyAnalyst as part of a recent long-range state transportation planning
project. Forecast travel demand model volumes were input into the SafetyAnalyst model to
forecast safety characteristics.

e They have not done a formal validation process; however, their reality checks indicate
reasonable results. They are evaluating fewer sites, but they are identifying previously
unidentified sites and sites with more severe crashes.

e ODOT plans to use SafetyAnalyst in the design exception process. Although this concept was not
explored in detail, it is anticipated that the diagnosis and countermeasure selection module will
be used.

Implementing SafetyAnalyst — Data, Schema, Integration, Warehouse

e ODOT uses a single-line inventory as the base roadway network with all event data tied to the
cardinal direction of the linear referencing system (LRS) feature. They update the SafetyAnalyst
network annually on or near December 31 to coincide with and take advantage of the Highway
Performance Monitoring System (HPMS) submission.

e ODOT previously considered an intersection to be where a state route crossed a state route.
Now they consider any crossing an intersection for SafetyAnalyst.

e ODOT strongly recommends starting small with regard to data/functionality and then expanding
as each element is proofed and as anticipated results are verified. They recommend starting
with a small area of geography and minimum events to work out errors, then expanding events,
and then expanding geography in a pilot project.

e ODOT maintains a countermeasures list in Excel with an identification (ID) number and From/To
measures for loading into SafetyAnalyst.

e ODOT learned to assume some data values to enable data processing where values do not exist.

Implementing SafetyAnalyst — IT Needs

e ODOT stated that a SafetyAnalyst data administrator should have a functional understanding of
the data’s meaning and how datasets interact with SafetyAnalyst. The data administrator should
be a data/systems expert and not an end user. The data administrator is responsible for the
initial loading of data into SafetyAnalyst and the data preprocessing.

e ODOT uses a blend of the stand-alone and enterprise deployment models. ODOT uses the stand-
alone deployment to load, validate, postprocess, and calibrate the data. Then ODOT loads data
into the enterprise database and distributes end-user applications for both the stand-alone
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model (data and application bundled) and the enterprise model (application pointing to
enterprise database).

ODOT highly recommends using the local (stand-alone) Derby database to work out data issues,
as there are “leaks” and bugs in the data preprocessing at the enterprise level (Oracle/SQL
Server).

The output log file is very useful in validating and troubleshooting the data loading, processing,
and calibration processes. ODOT recommends distributing the log file to SafetyAnalyst experts
(data administrator and subject matter experts) to help work through output errors and
warnings. The log file can be verbose and hard to decipher, so distribution should be limited to
the SafetyAnalyst Working Group.

ODOT recommends the use of a software product called DB Visualizer to examine data. This is a
freeware product that can interpret and visualize Derby tables.

The SafetyAnalyst distribution packet for ODOT is approximately 2.35 GB; end users need
sufficient hard drive space, as well as the recommended 16 GB Ram on a 64-bit Windows 7
machine.

Implementing SafetyAnalyst — Staffing and Organizational Requirements

ODOT highly recommends participating in the biweekly webinars sponsored by ITT Expelis and
MRIGlobal. Data and applications webinars are available.

Lessons Learned

The IT person and the planner/engineer working on the project need to have a good relationship
and a keen interest in successful implementation of the software.

ADOT should plan to implement the software in phases to achieve early successes. Consider
starting with a subarea of the state and a subcomponent of the transportation system.

WSDOT Lessons Learned

The WSDOT interview was conducted on March 21, 2013. Mark Finch, manager, Geographic Information

System (GIS) and Roadway Data Office; Mary Soule, IT; Matt Neely, priority programming engineer,

Capital Program Development Management; and John Milton, risk management director, were all

present and participated in the interview. The following topics were discussed:

The SafetyAnalyst Story at WSDOT

How WSDOT Is Using SafetyAnalyst

Implementing SafetyAnalyst — Data, Schema, Integration, Warehouse
Implementing SafetyAnalyst — IT Needs

Implementing SafetyAnalyst — Staffing and Organizational Requirements
Lessons Learned
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The SafetyAnalyst Story at WSDOT

e WSDOT was a pilot participant with ITT Expelis and MRIGlobal in the testing and “debugging” of
SafetyAnalyst. They began working with ITT Expelis and MRIGlobal in 2009, and their data were
input and running within eight months.

e They had weekly meetings with the IT staff person, the responsible data stewards, and the
planners/engineers to work through the variety of implementation questions. WSDOT believes
that having the programmer, the data stewards, and the “client” (i.e., the planner/engineer)
participating throughout the development of the tool was key to its successful implementation.

o Like ODOT staff, they felt it was imperative that the IT person have an interest in seeing
successful implementation of the software.

e They were interested in SafetyAnalyst because of the stability of the network screening results
from year to year, the diagnosis tools, and the usefulness of the tool in policy and programming
decisions.

How WSDOT Is Using SafetyAnalyst

e WSDOT sees SafetyAnalyst as a policy tool to support programming decisions. They believe it is
important to see the tool in this light to expand its application in safety decision-making.

e WSDOT has other tools available that support additional refined safety analyses. SafetyAnalyst is
used in the screening and diagnosis stages, which WSDOT considers to be the planning stage of
the safety process. As the process moves into scoping and programming, predesign, and design,
WSDOT has other tools to support the refined safety analyses. These include visualization tools
and the HSM Predictive Method.

e WSDOT “validated” the roadway characteristics and traffic volume data by cross-checking with
their data warehouses. The ranking and crash reporting results were verified by experienced
WSDOT staff. There was not a quantitative process for verifying the rankings.

Implementing SafetyAnalyst — Data, Schema, Integration, Warehouse

e WSDOT implemented SafetyAnalyst using 100"-of-a-mile segments based on their native route
segmentation. These “short” segments created statistical variances, so WSDOT is moving
towards longer homogenized segments for SafetyAnalyst.

e WSDOT is working toward a full SafetyAnalyst data schema but is not there yet. The data for
ramps and intersections are still in progress, as they are incomplete or not uniform.

e WSDOT identified/assigned three data stewards (Traffic, Roadway, and Crash) to work together
to develop and validate data for SafetyAnalyst. These three stewards worked well together;
without them, the SafetyAnalyst implementation might have failed at WSDOT. One of the most
critical functions was the identification and documentation of the data crosswalk between
WSDOT’s native storage and the SafetyAnalyst schema.
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e WSDOT uses actual linear distance as the linear referencing method (LRM), even though
SafetyAnalyst asks for mileposts. WSDOT determined that the SafetyAnalyst reference to
mileposts is actually the software’s term for any LRM.

e WSDOT uses an influence area of about 100 feet to tie crashes to an intersection/interchange.

e To validate and obtain traffic control at intersections, WSDOT analyzed crash reports to make
assumptions for missing data. WSDOT recommends being creative in developing data that may
not exist.

e WSDOT is currently loading more data than the SafetyAnalyst schema requires. However, using
these data requires using the Agency Override database.

e WSDOT recommends starting small (e.g., one route) and limiting data to prove/test the system.

Implementing SafetyAnalyst — IT Needs

e WSDOT maintains a site license for enterprise distribution; however, they use the stand-alone
distribution model. WSDOT could use SQL Server for enterprise distribution but chooses not to.
e The WSDOT distribution packet is 4.5 GB and uses the local Derby database.

Implementing SafetyAnalyst — Staffing and Organizational Requirements

e SafetyAnalyst is available to region staff. There is one “power” user in each region and six to
12 people statewide using SafetyAnalyst monthly. The central office has provided training.

e As previously described, WSDOT believes the timeline and efficiency of implementing
SafetyAnalyst can be enhanced if staff is assigned to the deployment. They also believe having
the data, IT, and planning/engineering staff working together on development is critical to
successful implementation.

Lessons Learned

e WSDOT would have liked to have had one IT person dedicated to the development and
implementation of SafetyAnalyst. They believe their process would have been quicker and more
cost-effective.

e Executive-level buy-in is crucial to the development, ongoing implementation, and licensing of
SafetyAnalyst. This application is meant to be fully integrated into agency processes over the
long term.

Summary

First and foremost, executive-level support for the ongoing development, deployment, and
implementation of the tool is necessary. In addition to the staff time, ADOT has already invested in an
annual licensing fee of $25,000 (for an enterprise license) . From a development and application
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perspective, both states emphasized starting with a subset of the state network. This could be a subset
of state facilities, or one region within the state, or both; however, the concept is to start small to
understand the tool and achieve success on a pilot application. The IT staff and the planner/engineer
assigned to the project must be committed to successful implementation and have a positive
collaborative relationship. From a time and efficiency perspective, it would be best if this staff could be
dedicated 100 percent to the project as the model is being initially deployed.

WSDOT was specifically asked if they would do it again if they had to start all over at a different DOT.
Their answer was an absolute yes, with the caveat that the DOT not be data poor. They stated that the
time savings using SafetyAnalyst versus traditional methods was significant once the data issues had
been resolved.
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CHAPTER 4. AVAILABLE DATA SOURCES, FORMATS, AND DATA GAPS

To begin the process of identifying ADOT’s desires for integration of SafetyAnalyst with agency systems
and with information resources that satisfy the software’s data requirements, the research team
conducted on-site interviews with ADOT staff. The research team was specifically interested in
understanding ADOT’s expectations for the SafetyAnalyst implementation and to learn about the
availability and possible integration of safety data. The team also included identified and compared
existing and desired data conditions.

This chapter is organized into two sections: 1) staff interviews and 2) comparison of existing and desired
data conditions.

Staff Interviews

The interviews were conducted in person on April 17, 2013, with staff from ADOT’s Multimodal Planning
Division (MPD) and the Information Technology Group (ITG). A third interview was conducted by phone
with staff from the Traffic Safety Section (TSS) on May 10, 2013. A list of ADOT participants and an
interview guide are included in Appendix C.

Multimodal Planning Division (MPD)

Overall, it appears that ADOT maintains most of the necessary data required to support SafetyAnalyst.
MPD’s GIS group maintains these data to support a variety of business uses at the DOT, and they have
high confidence in the accuracy of these data on the state route system. MPD GIS maintains an LRS to
support the conflation of disparate data sources into unified datasets for analysis and reporting for the
HPMS, Certified Public Mileage, State Highway System Log, and others. MPD GIS annually publishes
these data reports for the prior calendar year in the summer and publishes LRS updates each quarter.
MPD recommends that the SafetyAnalyst data refresh cycle coincide with the publication of MPD’s data
reports for the prior year. This delay (for example, June 2013 is the publish date for calendar year 2012)
also is likely to coincide with the publish date of 2012 crash records data to the Safety Data Mart (SDM).
Therefore, a data refresh for SafetyAnalyst in the summer would enable all data to be assimilated for
the prior calendar year.

MPD GIS indicated that while data on the state’s highway system are good, data completeness and
accuracy drop off as distance from the state routes increases. Urban areas such as Maricopa and LaPaz
have fairly good data. Other notes from the conversation include:

e MPD GIS maintains Routes, Intersections, Ramps, and Frontage Roads with unique identifiers in
a GIS.

e Features have significant attribution, including roadway characteristics, lanes,
tapers/transitions, signalization, ownership, functional class, ramp type, influence areas, traffic
volume, etc.

e “Open to traffic” dates before 1992 are estimated.
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e Information is limited for intersections/roads that are local and unclassified, but more
information is available for intersections/roads that are local and classified.

Information Technology Group (ITG)

ITG would prefer that the SafetyAnalyst implementation use an enterprise configuration for the data
(i.e., SQL Server) and that as many processes/procedures as possible be automated to reduce or
minimize day-to-day staff involvement. ITG will likely lead the final architectural design for the
SafetyAnalyst implementation. ITG currently has an Exchange Transfer Load (ETL) process established to
automatically update the SDM with crash records from ADOT’s Accident Location Information
Surveillance System (ALISS). A similar ETL should be created to automate the preparation of
SafetyAnalyst data. ITG suggested starting small with a subarea of the state and a subcomponent of the
transportation system to serve as a proof of concept for SafetyAnalyst.

ADOT has a standard of using Microsoft SQL Server for enterprise databases, and SafetyAnalyst should
utilize this RDBMS as its enterprise platform. ITG maintains an enterprise data warehouse, Arizona
Information Data Warehouse (AIDW), that normalizes all agency information into a single repository for
guery and analysis. The AIDW includes both the ALISS crash data from 1992-1993 and MPD GIS
information. ITG has also established a computer for the development and deployment of SafetyAnalyst.
The SafetyAnalyst implementation should rely on the new LRS being developed for MPD.

Traffic Safety Section (TSS)

In the long run, the TSS would like to use all modules of SafetyAnalyst. The group expects to achieve full
implementation of SafetyAnalyst through a phased development of the model. TSS expects that network
screening will be the most utilized tool after the initial implementation of SafetyAnalyst. They expect
that central office staff will be the primary, if not only, users of the software. They anticipate that district
engineers will ask TSS staff to provide information from SafetyAnalyst rather than learn how to use the
model themselves. Initially, TSS staff see that SafetyAnalyst will be used at a planning/programming
level to support the processes of identifying sites with potential for improvement and distributing funds
for safety improvements. TSS staff made a few additional notable comments:

e Staff would like easy/direct access to the data from the SDM.

e TSS staff is curious about the amount of data scrubbing necessary before integrating SDM data
into SafetyAnalyst.

e TSS staff is particularly interested in understanding how terrain type is considered in the
SafetyAnalyst model.
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Comparison of Existing and Desired Data Conditions
Existing Condition

The existing condition of ADOT’s SafetyAnalyst implementation is highlighted in the diagram in Figure 4.
This diagram shows components (people, systems, data) that are integral to a SafetyAnalyst
implementation and shows how these components are connected and interact with each other at a high
level. This Existing Condition diagram will be the basis for the Desired Condition diagram, and the
difference between the two (“desired” minus “existing”) will provide the baseline for the Gap Analysis in
the next chapter.

Desired Condition

The desired condition of ADOT’s SafetyAnalyst hardware/software/IT implementation is highlighted in
Figure 5. This Desired Condition diagram shows components (people, systems, data) that are integral to
a SafetyAnalyst implementation and shows how these components are connected and interact with
each other at a high level. This diagram is based on the Existing Condition diagram, and the difference
between the two (“desired” minus “existing”) will provide the baseline for the Gap Analysis in
subsequent project tasks. Items in red indicate current gaps that are changes from existing conditions.
Some components highlighted in red may exist in other formats, but they are shown as gaps that need
filling because they require alteration or formatting before they can be used in SafetyAnalyst.
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Data Sources

The project team was able to identify source locations for all of the data that a successful SafetyAnalyst
implementation is expected to need. Although there may be specific data gaps in context or coverage,
ADOT stores and maintains the necessary data to begin populating the SafetyAnalyst schema. The
following data sources can be used to support the loading of the SafetyAnalyst schema:

e ALISS Database. Crash records, injuries, fatalities, severity, type.

e Arizona Transportation Information System (ATIS). ATIS is an LRS that locates road data to a
common spatial reference. This information system includes dual-carriageway routes, ramps,
frontage roads, and all local roads functionally classed above “local” and greater than
50 percent of “local roads” depicted statewide.

e Roadway Characteristics Inventory (RCl). The RCI contains all roadway data attribution and is the
source of the Certification of Public Road Mileage (CPM)/HPMS and Highway Log data reports
and publication.

e SDM. Crash records, injuries, fatalities, severity, type.

e AIDW. Crash records, routes/segments, ramps, intersections, attribution, other business data.

Summary

ADOT is ready to begin implementing SafetyAnalyst. ADOT has the data resources and systems
necessary to successfully implement the software and analyze the State Highway System using the
minimum SafetyAnalyst data schema. Eventually, a phased implementation will include all public roads
in Arizona.

One item that ADOT should begin to address is an SA Working Group of a few members to review and
discuss technical details regarding data conversion, analysis results, processes, and procedures. This
committee should be modeled after the best practices of ODOT and WSDOT by comprising data, IT,
safety, and traffic engineering subject matter experts. The WSDOT working group had six to eight
members. The Ohio DOT had two people responsible for implementation who gathered appropriate
input from other experts as needed.
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CHAPTER 5. RECOMMENDATIONS ON HOW TO FILL GAPS

This chapter describes the gaps between the existing condition and the desired condition needed for
successful implementation of the software. This task included identifying gaps and prioritizing the
process of filling these gaps through data variable sensitivity assessment, as well as input from
stakeholders, best practices, lessons learned, and other feedback from ADOT on overall system, data,
and user needs.

Pilot Deployment

In order to identify the gap between the existing condition and desired condition, the project team
conducted a pilot deployment of SafetyAnalyst on Interstate 17 from Flagstaff through Phoenix. This
study area was selected because it includes both urban and rural areas, a variety of terrain types, and
four different system interchanges (at Interstate 40, State Loop 101, Interstate 10 [Papago], and I-10
[Maricopal). Adjacent roadways included in the pilot network are 30-mile portions of State Loop 303,
Forest Road 30 (E. Cornville Road), State Route 169, State Route 179, and Forest Road 213 (Stoneman
Lake Road), as well as roadway sections of any other roadways that intersected 1-17.

The scope of the pilot effort was limited to crash, roadway, and traffic data for the 544 roadway
segments included in the pilot network. Intersections, ramps, and countermeasures (construction
projects) were not included in the pilot because of the lack of directly importable data and the level of
effort required to process the data into a format suitable for importing. The pilot area was defined as
the segments representing the beginning and end of I-17 from Phoenix to Flagstaff. Roadway segments
that intersected I-17 or were within a quarter mile of I-17 were included in the pilot. Any roadway
segment that crossed I-17 or was within the buffer zone was in the pilot up to the first geographic break
point beyond the quarter-mile buffer. Some roadways’ first natural break point was several miles from
I-17; in these cases, the entire segment was included in the pilot area. In total, the pilot network
included 374 miles of roadway, including 148 miles of interstates, 2 miles of U.S. routes, 34 miles of
state routes, 123 miles of local routes, and 67 miles of other segments (e.g., ramps and frontage roads).
A map of the pilot network is shown in Figure 6. Crash data were obtained for a five-year period from
2008 through 2012. There were 44,345 crashes in/adjacent to the pilot network during this time,
consisting of 224 fatality crashes and 1,306 serious injury crashes.
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Figure 6. SafetyAnalyst Pilot Network

Source: ARCADIS-generated map using ESRI’s publicly available ArcGIS Online Basemap Services.

Gap Analysis Between Existing and Desired Condition

Figures 4 and 5 in Chapter 4 depict the existing condition and the desired condition, respectively, for a
SafetyAnalyst implementation at ADOT. The existing condition represents the current condition of the
systems, data, people, and processes and their interaction with SafetyAnalyst. The desired condition
depicts the ideal systems, data, people, and processes and their interaction with SafetyAnalyst as
determined by the project team. The differences between the two conditions are gaps that are
documented in subsequent sections of this chapter. Each gap between the existing condition and
desired condition is categorized by type in Table 12. The pilot included I-17, as well as intersecting
routes within a quarter mile of I-17, which include routes that are not part of the state system. For
segments on the state system, most of the required data elements exist; however, for segments off the
state system, data are scarce and therefore represent a gap. The percentages in Table 12 indicate the
percentage of pilot segments missing a data value.
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Table 12. Summary of Gaps by Type

Gap Area

Element from
Desired Condition

Description

Data Gaps®

Routes/Segments

Lane Width — 35% of pilot missing data”

Auxiliary Lane — 10% of pilot missing data

Median Type — 27% of pilot missing data

Median Width — 2% of pilot missing data

Shoulder Type — 24% of pilot missing data

Shoulder Width — 2% of pilot missing data

Driveway Density — No data present

Growth Factor — No data present

Speed Limit — 38% of pilot missing data

Bikeway — No data present

Interchange Influence — No data present

Open to Traffic — Need specific date (not month and year)

Ramps

Ramp Type — Can be inferred, but not present

Ramp Configuration — No data present

Ramp Freeway Connection — Can be inferred, but not present

Ramp Crossroad Connection — Can be inferred, but not present

Ramp Lanes — Can be inferred, but not present

Open to Traffic (Specific Date) — Can be inferred, but not present

Ramp Traffic — Some Missing Data

Intersections

Major Road Direction — Can be inferred, but not present

Minor Road Name — Can be inferred, but not present

Intersection Location (Measure on Major Road) — Can be generated

Minor Road Location (Measure on Minor Road) — Can be generated

Major Influence Zone Begin — No data present

Major Influence Zone End — No data present

Minor Influence Zone Begin — No data present

Minor Influence Zone End — No data present

Intersection Type (Configuration) — No data present

Open to Traffic (Specific Date) — Can be inferred, but not present

Leg Type — Can be inferred, but not present

Leg Direction — Can be inferred, but not present

Leg Through Lanes — Some Missing Data

Leg Right Turn Lanes — Some Missing Data

Leg Left Turn Lanes — Some Missing Data

Leg Median Type — Some Missing Data

Left Turn Phasing — Some Missing Data

Leg Speed Limit — Some Missing Data

Leg Turn Prohibitions — Some Missing Data

Leg Operational Way — Some Missing Data

Leg Through Volume — Some Missing Data

Leg Left Turn Volume — No Data Present

Leg Right Turn Volume — No Data Present

Crash Records

Driver Date of Birth (DOB) — No data present

Driveway Indicator (flag) — No data present

Direction of Travel vs. Cardinal Direction

Operational Data

% Heavy Vehicles — 47% of pilot missing data. Data available through a sampling system
that did not cover entire pilot network.

Peak Volume — 47% of pilot missing data. Data available through a sampling system that
did not cover entire pilot network.

AADT — 14% of pilot missing data. SafetyAnalyst requires AADT for all analysis years.
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Table 12. Summary of Gaps by Type (Continued)

Gap Area

Element from
Desired Condition

Description

Data Gaps
(Continued)

Construction
Project

Project Title

Start Date

End Date

Start Location (Route/Measure)

End Location (Route/Measure)

Project Cost

Project Service Life

Countermeasure

Site Type

Construction Start Date

Construction End Date

Start Location (Route/Measure)

End Location (Route/Measure)

Cost

Service Life

Application
Gaps

ETL Script

The preprocessing of data from native data sources into the required SA formats
requires numerous associations, translations, and transformations using GIS and
RDBMS operations. If performed manually, the process is very labor intensive, prone to
errors, and susceptible to variations in assumptions, processing, and analysis
techniques. ADOT should develop an ETL script to automate the preprocessing of data
for SA to perform all of the necessary transformations so that this can be performed
routinely, with consistent methods and assumptions applied. The ETL will be a grouping
of individual GIS and RDBMS operations.

GIS Data Review
Tool

SA does not provide an efficient mechanism for users to review data inputs and
analytical outputs for the determination of what is happening at a particular site or
location. ADOT should develop a GIS tool to visually display the raw data inputs and
analytical tool outputs so that users can visualize these data and their relationships
using a GIS. The user also could use the GIS tool to validate raw data inputs or input
assumptions and make corrections, if needed. For example, the GIS tool could be used
to spot check and validate any assumed data input values based on typical values or
ADOT design guidelines.

Database/
System Gaps

SafetyAnalyst (SQL)

ADOT needs to create and use a SQL Server database for the distribution of
postprocessed SA data. Users will need read-only access and sufficient network
connectivity to utilize this resource. The database will require an administrator for
performance, connectivity, credentials, and process management.

Hardware
Gaps

Database Server

ADOT needs to identify an existing enterprise SQL Server database server for the
storage and distribution of postprocessed SA data. This will serve as the distribution
point for SA information and will prevent SA data packages from being distributed
across the agency as individual Derby databases. If preferred, ADOT can use a new SQL
database server; however, the load SA will require does not justify this expense. Any
existing SQL implementation with appropriate connectivity and available load will
suffice.

File Distribution
Location

ADOT needs to identify an existing location for the distribution of the SA install package
(without data) that points to the SQL database server. This file is produced by SA after
postprocessing and will be downloaded by SA users for local user install and use of SA
postprocessed information (Analytical Tool).

Workflow/
Process Gaps

Preprocessing

The preprocessing of data prior to loading into SA is a highly technical process that uses
a variety of analytical techniques. This process should be automated as much as
possible to ensure consistent assumptions and analytical results.

Annual update

ADOT should preprocess, postprocess, and distribute data through an annual update
process.
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Table 12. Summary of Gaps by Type (Continued)

Element from

Gap Area Desired Condition Description
. ADOT should use SQL Server as the data storage and distribution mechanism over
Enterprise S o s Lo
L individual Derby databases to eliminate data publication and version issues and
distribution . .
Workflow/ discrepancies.
Process Gaps ADOT needs a process to implement changes to the data/systems and review the
(continued) Data/System consequences that these changes have on users and the analytics of SA outputs. ADOT
Changes should formalize this process and utilize the SA Working Group to make decisions and
to test impacts prior to full implementation of changes.
ADOT needs to form a SafetyAnalyst Working Group to make critical decisions regarding
SafetyAnalyst data inputs, assumptions, transformations, and quality control as the data
and systems evolve over time. This group should be small and should represent the
SafetyAnalyst interested parties within the agency. The group will be responsible for discussing and

People/
Organization
Gaps

Working Group

testing the ramifications of changes to tool operation, data input sources, changes to
assumptions, and any other potential change to the overall system. The SafetyAnalyst
Data Administrator and the SA Application Administrator should participate in this
group. This group also should have representation by the end-user community.
Members should have data, IT, safety, and traffic engineering expertise.

SafetyAnalyst Data
Administrator (Data
Management Tool)

ADOT needs to identify and assign an administrator to be the responsible party for the
Data Management Tool. This individual should be an IT/database resource familiar with
the data and data requirements for SA. This individual will be responsible for all data
preprocessing activities (including future ETLs), loading data into SA, and postprocessing
the SA database. This individual also should be responsible for the implementation of
any changes in data sources, assumptions, or analytical techniques. This individual
should participate in the SA Working Group.

SafetyAnalyst
Application
Administrator
(Administrator
Tool)

ADOT needs to identify and assign an administrator to be the responsible party for the
Administrator Tool. This individual should be an IT resource familiar with the workflow
and distribution requirements for SA. This individual will be responsible for the licensing
of the product, the overall systems involved (SQL Server, file distribution, ETL
management, user management, and publication management), and the overall upkeep
of the system. This individual should participate in the SA Working Group.

® Regarding data gaps, it should be noted that the pilot included I-17, as well as intersecting routes within a quarter mile of I-17;
this includes routes that are not part of the state system. For segments on the state system, a majority of the required data
elements exists; however, for segments off the state system, data are scarce and therefore constitute a gap.

® The percentage indicates the percentage of pilot segments missing a data value.

Prioritization of Gap Components

Tables 13 to 19 describe the overall priority for filling each gap identified in the gap analysis. Each gap is

rated on a scale of low/medium/high for investment required, return on investment value, and the

ultimate recommended priority for filling each gap. These ratings are defined below.

Explanation of Rating Scale in Tables 13-19

e Investment Required Value: Considers the volume of information or cost required to fill the
gap, the procedure for how the gap could be filled, and the availability of resources that would
be required.

0 Low - Little or minimal time, effort, or external cost would be required to fill this gap.
Support (data, technology, or information) likely already exists to fill this gap.

0 Medium - Some effort or cost will be required to fill the gap. Gap may require a project
to fill the gap.
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0 High — Major effort or cost will be required. Gap may require advanced analysis, field
data collection, or significant expense to fill the gap.
e Return on Investment Value: Considers the requirements of SafetyAnalyst or the user and the
additional capability and accuracy that filling the gap may serve.
0 Low - Cost in labor, hardware/software, or project fees will likely not be recuperated.
0 Maedium - Cost in labor, hardware/software, or project fees will provide value to
SafetyAnalyst or the agency at large, but the return may not equal the investment.
0 High - Cost in labor, hardware/software, or project fees will be overshadowed by the
value provided by filling the gap.
e  Priority Value: Considers the investment required, the return on investment, and the overall
value to ADOT.
0 Low - The investment required and the benefit provided to do not add much value to
SafetyAnalyst and the agency at large.
0 Maedium - As time and investments permit, this gap should be filled; however,
SafetyAnalyst can be implemented without filling this gap.
0 High —This gap should be filled as soon as possible as it provides extreme value to
SafetyAnalyst, or filling this gap is a requirement for a successful and accurate
implementation.

Additionally, the overall priority has been influenced by the ability to assume a value when necessary
without significantly impacting the end use of SafetyAnalyst. For example, if no lane width data are
available, lane width can be an assumed value; therefore, resources expended to generate accurate lane
width data do not generate a high return on investment and are therefore a low priority.

Table 13. Priorities for Filling Gaps — Routes/Segments

Investment Return on

Subtype Required Investment ROI Comments Priority
Lane Width Medium Low Gap can be populated W|th assur{wesl <_:|ata achieving Low
desired result. Accuracy will be diminished.
Auxiliary Lane Medium Low Gap can be populated with assumed data achieving Low

desired result. Accuracy will be diminished.

Median Type Medium Medium Value is important to SA operation High

Gap can be populated with assumed data achieving

Median Width Medium Low desired result. Accuracy will be diminished.

Low

Shoulder Type Medium Medium Value is important to SA operation. High

Gap can be populated with assumed data achieving

Shoulder Width Medium Low desired result. Accuracy will be diminished. Low
Driveway Density High Low Low value. Low
Growth Factor Low High Helps with missing volume information. High
Speed Limit Medium Medium Value is important to SA operation. High
Bikeway Medium Low Low
Interchange Influence High High Establishes intersection boundaries. High
Open to Traffic High Low Enables ability to specify temporal analysis. Low

ROI: Return on Investment
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Table 14. Priorities for Filling Gaps — Ramps

Investment Return on -
Subtype Required Investment ROI Comments Priority
Enables the use of ramps. Ramps currently can be
Ramp Type Low Medium used if they are used as mainlines and not ramps, Low
but specific ramp-based analysis is lost.
Enables the use of ramps. Ramps currently can be
Ramp Configuration Medium Medium used if they are used as mainlines and not ramps, Low
but specific ramp-based analysis is lost.
Enables the use of ramps. Ramps currently can be
Ramp Freeway Connection Medium Medium used if they are used as mainlines and not ramps, Low
but lose specific ramp-based analysis is lost.
Enables the use of ramps. Ramps currently can be
Ramp Crossroad . . . -
Connection Medium Medium used if thgy are used as ma|n||n.e§ and not ramps, Low
but specific ramp-based analysis is lost.
Enables the use of ramps. Ramps currently can be
Ramp Lanes Medium Medium used if they are used as mainlines and not ramps, Low
but specific ramp-based analysis is lost.
Enables the use of ramps. Ramps currently can be
Open to Traffic High Low used if they are used as mainlines and not ramps, Low
but specific ramp-based analysis is lost.
Enables the use of ramps. Ramps currently can be
Ramp Traffic High Medium used if they are used as mainlines and not ramps, Low
but specific ramp-based analysis is lost.
Table 15. Priorities for Filling Gaps — Intersections
Subtype Investment Return on ROI Comments Priority
Required Investment
Major Road Direction Low High Enables the use of intersections Medium
Minor Road Name Low High Enables the use of intersections Medium
Intersection Location Low High Enables the use of intersections Medium
Minor Road Location Low High Enables the use of intersections Medium
Major Influence Zone Begin High High Enables the use of intersections Medium
Major Influence Zone End High High Enables the use of intersections Medium
Minor Influence Zone Begin High High Enables the use of intersections Medium
Minor Influence Zone End High High Enables the use of intersections Medium
Intersection Type (Configuration) High High Enables the use of intersections Medium
Open to Traffic High Low Enables the use of intersections Low
Leg Type Medium High Enables the use of intersections Medium
Leg Direction Medium High Enables the use of intersections Medium
Leg Through Lanes Medium High Enables the use of intersections Medium
Leg Right-Turn Lanes Medium High Enables the use of intersections Medium
Leg Left-Turn Lanes Medium High Enables the use of intersections Medium
Leg Median Type Medium High Enables the use of intersections Medium
Left-Turn Phasing Medium High Enables the use of intersections Medium
Leg Speed Limit Medium High Enables the use of intersections Medium
Leg Turn Prohibitions High High Enables the use of intersections Medium
Leg Operational Way High High Enables the use of intersections Medium
Leg Through Volume High High Enables the use of intersections Medium
Leg Left-Turn Volume High High Enables the use of intersections Medium
Leg Right-Turn Volume High High Enables the use of intersections Medium
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Table 16. Priorities for Filling Gaps — Crash Records and Operational Data

Investment Return on L
Subtype Required Investment ROI Comments Priority
Driver Date of Birth Low Low Extra Summary Element Low
Driveway Indicator High Low Extra Summary Element Low
Validation that crashes are correctly
Direction of Travel vs. Cardinal High High coded t9 rotfte and esFainshes proper High
Direction travel direction of vehicle not route
direction
% Heavy Vebhicles High High Critical Analysis Input High
Peak Volume High High Critical Analysis Input High
AADT High High Critical Analysis Input High
Table 17. Priorities for Filling Gaps — Construction Projects
Investment Return on L.
Subtype Required Investment ROI Comments Priority
Project Title Medium Low Enables the use of construction and countermeasures Low
Start Date Medium Low Enables the use of construction and countermeasures Low
End Date Medium Low Enables the use of construction and countermeasures Low
Start Location Medium Low Enables the use of construction and countermeasures Low
End Location Medium Low Enables the use of construction and countermeasures Low
Project Cost High Low Enables the use of construction and countermeasures Low
Project Service Life High Low Enables the use of construction and countermeasures Low
Table 18. Priorities for Filling Gaps — Countermeasures
Subtype Investment Return on ROI Comments Priority
Required Investment
Site Type Medium Low Enables the use of construction and countermeasures Low
Construction Start Date Medium Low Enables the use of construction and countermeasures Low
Construction End Date Medium Low Enables the use of construction and countermeasures Low
Start Location Medium Low Enables the use of construction and countermeasures Low
End Location Medium Low Enables the use of construction and countermeasures Low
Cost High Low Enables the use of construction and countermeasures Low
Service Life High Low Enables the use of construction and countermeasures Low
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Table 19. Priorities for Filling Gaps — Additional Gaps

Investment Return on -
Gap Area Element R ROI Comments Priority
Required Investment

Data, analysis, and procedures

Workflow Process Gap |Enterprise distribution Low High

o ETL Script High High standardization High
Application Gap Increased understanding of analysis inputs
GIS Data Review Tool Medium High g ¥ P High
and results
Database System Gap |SafetyAnalyst SQL Low High Centralized data distribution High
Database Server Low High Centralized data distribution High
Hardware Gap File D,IStnbUtlon Low High Centralized data distribution High
Location
Preprocessing High High Data, analysis, and procedures High

standardization

Annual update Medium Medium Updated data Medium

Data, analysis, and procedures

standardization High

Refinement of analytical outputs and
Data/System Changes Medium High testing of changes to continuously High
improve the system

Refinement of analytical outputs and
Low High testing of changes to continuously High
improve the system

SafetyAnalyst Working
Group

SafetyAnalyst Data

Staffing and Administrator (Data Low Medium Administration of system High

Organization Gap Management Tool)

SafetyAnalyst
Application
Administrator
(Administrator Tool)

Low Medium Administration of system High

Recommendations for Filling Gaps

After numerous data loading trials to populate the pilot database, the project team determined that it is
in ADOT’s best interest to always provide a data value for each data element. A null or blank value
always resulted in SafetyAnalyst’s rejecting the data record. In addition, SafetyAnalyst rejected records
where critical data elements were marked as “unknown” or “other.” Therefore, it is critical that all
values in the database be populated with a value. Given this information, the project team recommends
providing an assumed value for each data element if data are not available. These data assumptions
should be carefully recorded and updated as data replacing the assumptions are collected, and
sensitivity analyses should be conducted to evaluate assumptions.

A validation should be conducted to ensure that the input data records are being processed correctly by
SafetyAnalyst. This can be done by comparing the preprocessed and postprocessed data for various
network descriptive elements, such as number of roadway segments, number of intersections, number
of ramps, and number of crashes by segment. Ensuring that all values in the database are populated
with a value will minimize the number of data records rejected by SafetyAnalyst.

Tables 20 to 25 show recommendations for how ADOT can fill data gaps with actual or assumed data
values that will allow the analytical tool to process data with these gaps.
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Table 20. Recommendations for Filling Gaps — Routes/Segments

Subtype Filling Recommendations
Lane Width Collect data or use Roadway Design Guidelines, pg. 300-2 (12 ft)
Auxiliary Lane Collect data or assign None (0)
Median Type Collect data or assign an average value based upon roadway type and area
Median Width Collect data or assign an average value based upon roadway type and area
Shoulder Type Collect data or assign an average value based upon roadway type and area
Shoulder Width Collect data or assign an average value based upon roadway type and area
Driveway Density Collect data or assign an average value based upon roadway type and area
Growth Factor Collect data or apply general assumption value
Speed Limit Collect data or assign an average value based upon roadway type and area
Bikeway Collect data from aerial photo or photo log
Interchange Influence Collect or assign values or apply assumed value by roadway type, area, and intersection type
Open to Traffic Collect data or_apply a general rule to value. If year known, make January 1; if month and year
known, make first of month.

Table 21. Recommendations for Filling Gaps — Ramps

Subtype

Filling Recommendations

Ramp Type

Collect data or infer from ramp number

Ramp Configuration

Collect data from aerial photo or photo log

Ramp Freeway Connection

Collect data from aerial photo or photo log

Ramp Crossroad Connection

Collect data or infer from ATIS Code on cross road

Ramp Lanes

Collect data from aerial photo or photo log

Open to Traffic

Collect data or apply a general rule to value. If year known, make January 1; if month and
year known, make first of month.

Ramp Traffic

Collect data or assign a value based upon area type
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Table 22. Recommendations for Filling Gaps — Intersections

Subtype

Filling Recommendations

Major Road Direction

Determine from ATIS Code and Road Type

Minor Road Name

Assign ATIS Code from intersecting feature

Intersection Location

Overlay with LRS for measure

Minor Road Location

Overlay with LRS for measure

Major Influence Zone Begin

Collect data or apply general assumption value based upon roadway type and area type

Major Influence Zone End

Collect data or apply general assumption value based upon roadway type and area type

Minor Influence Zone Begin

Collect data or apply general assumption value based upon roadway type and area type

Minor Influence Zone End

Collect data or apply general assumption value based upon roadway type and area type

Intersection Type
(Configuration)

Collect data from aerial photo or photo log

Open to Traffic

Collect data or apply a general rule to value. If year known, make January 1; if month and
year known, make first of month

Leg Type

GIS Relationship Analysis using ATIS Code and Intersection Location

Leg Direction

GIS Relationship Analysis using ATIS Code and Intersection Location

Leg Through Lanes

GIS Relationship Analysis using ATIS Code and Intersection Location

Leg Right-Turn Lanes

GIS Relationship Analysis using ATIS Code and Intersection Location

Leg Left-Turn Lanes

GIS Relationship Analysis using ATIS Code and Intersection Location

Leg Median Type

Collect data or assign an average value based upon roadway type and area

Left-Turn Phasing

Collect data

Leg Speed Limit

Collect data or assign an average value based upon roadway type and area

Leg Turn Prohibitions

Collect data

Leg Operational Way

Collect data

Leg Through Volume

Collect data or investigate traffic models at ADOT, regional, and local levels

Leg Left-Turn Volume

Collect data or investigate traffic models at ADOT, regional, and local levels

Leg Right-Turn Volume

Collect data or investigate traffic models at ADOT, regional, and local levels

Table 23. Recommendations for Filling Gaps — Crash Records and Operational Data

Subtype

Filling Recommendations

Driver Date of Birth

Calculate from Driver’s Age on the date of the crash. Use first day of the crash month as the
birth date/month.

Driveway Indicator

Change Crash Report Form to collect data

Direction of Travel vs. Cardinal
Direction

Analyze existing data and determine path forward

% Heavy Vehicles

Collect data or assignment by roadway type using average T factor (Interstates 13%, SR 9%,
US 9%, Local 5%)

Peak Volume

Collect data or assignment by roadway type using average K factor (Interstates 9%, SR 9%, US
10%, Local 20%)

AADT

Average similar site subtypes values. Ensure values are provided for each analysis year, and
apply growth factor to adjacent year AADT if data not available for a specific year.
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Table 24. Recommendations for Filling Gaps — Construction Projects and Countermeasures

Subtype Filling Recommendations
Project Title Derive from GIS Project Segments
Start Date Derive from GIS Project Segments
End Date Derive from GIS Project Segments

Start Location

Derive from GIS Project Segments

End Location

Derive from GIS Project Segments

Project Cost Collect data
Project Service Life Collect data
Site Type Collect data
Construction Start Date Collect data
Construction End Date Collect data
Start Location Collect data
End Location Collect data
Cost Collect data
Service Life Collect data
Table 25. Recommendations for Filling Additional Gaps
Gap Area Element Filling Recommendations

Application Gap

ETL Scriptl

Create a script to pull data from the source location and analyze,
translate, and transform into the SA loading template

GIS Data Review Tool

Create an ArcGlIS Server site with the source data, the SA loading data,
and the analytical tool output for investigation and exploration by the
end user

Database/
System Gap

SafetyAnalyst SQL

Create a SQL Server database within an existing SQL Instance

Hardware Gap

Database Server

Create a SQL Server database within an existing SQL Instance

File Distribution Location

Create an ftp site location or a file server location accessible to all SA
users

Workflow/
Process Gap

Preprocessing

Create automated ETL scripts to enable routing populate of SA loading
data

Annual update

Create automated ETL scripts to enable routing populate of SA loading
data

Enterprise distribution

Create a SQL Server database within an existing SQL Instance

Data/System Changes

Create SA Working Group to review data and processes

People/
Organization Gap

SafetyAnalyst Working Group

Create group of SA Application Administrator, Data Administrator, and
one or two SA end users

SafetyAnalyst Data
Administrator (Data
Management Tool)

Nominate a database expert from ITG

SafetyAnalyst Application
Administrator (Administrator
Tool)

Nominate a systems expert from ITG
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CHAPTER 6. RECOMMENDED SAFETYANALYST IMPLEMENTATION

This chapter provides recommendations for integrating SafetyAnalyst into standard business practices at
ADOT. The research team identified preliminary options for SafetyAnalyst integration; assessed the
strengths/weaknesses of each option based on an assessment of data availability, data collection
priorities, user needs, and system requirements; and developed a recommended SafetyAnalyst
implementation.

Potential Use of SafetyAnalyst
SafetyAnalyst has four modules:

e Module 1 - Network Screening. This module allows users to review the entire roadway network
and identify sites with potential for safety improvements.

e Module 2 - Diagnosis and Countermeasure Selection. This module helps users diagnose safety
problems at a specific site and select appropriate countermeasures.

e Module 3 - Economic Appraisal and Priority Ranking. This module allows users to conduct an
economic analysis of a specific countermeasure or several alternative countermeasures for a
specific site. The priority ranking functionality ranks countermeasures by the benefit and cost
estimates determined by the economic appraisal.

e Module 4 - Countermeasure Evaluation. This module is used to estimate the safety effect of
countermeasures implemented at specific site.

This section describes how each module could be applied within the functions of ADOT’s Traffic Safety
Section and ADOT’s project development process.

Potential Use of SafetyAnalyst to Support the HSIP

ADOT administers HSIP funding for the state highway system and local roadways through the ADOT TSS.
ADOT districts submit requests for safety improvement funding for locations within their jurisdiction. At
the local level, HSIP funding is distributed through local metropolitan planning organizations (MPO) or
councils of governments (COG); these local agencies are responsible for identifying high-crash locations
using any acceptable screening method and identifying high-priority safety improvement projects based
on local need. ADOT assists local agencies with the process of identifying and developing projects, and
formal evaluations are conducted through the Road Safety Assessment program to support local, Tribal,
state, and federal agencies. ADOT reviews all projects statewide and prioritizes them for funding
eligibility. ADOT also encourages MPOs and COGs to apply for state funds for projects. (Associated ADOT
business units: Roadway Engineering — Traffic Safety Section, Local Public Agency Section) (Source:
http://safety.fhwa.dot.gov/p2p/region9/)
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Relevant SafetyAnalyst modules for these activities include the following:

e Module 1: Network Screening Tool. The Network Screening tool could be used by TSS or
MPO/COG staff to identify sites with higher-than-expected crash frequencies or high
proportions of specific crash types. If SafetyAnalyst implementation is limited to TSS, a list of
top-ranked crash locations by area/facility type could be generated and distributed to
MPQOs/COGs to support the identification of high-crash locations at the local level.

e Module 2: Diagnosis and Countermeasure Selection Tools. The Diagnosis and Countermeasure
Selection tools could be used by TSS or MPO/COG staff to diagnose crash patterns within the list
of top-ranked crash locations and identify appropriate countermeasures to reduce traffic
fatalities and serious injuries at these locations. Both spot treatments and systemic safety
improvements could be identified. The tools could also support field condition reviews
conducted as part of engineering studies and road safety assessments by generating a list of
site-specific questions regarding site characteristics, crash experience, geometric design, and
traffic control characteristics at the site.

e Module 3: Economic Appraisal and Priority Ranking Tools. The Economic Appraisal and Priority
Ranking tools could be used by MPO/COG staff to conduct economic appraisals of the costs and
safety benefits among various projects that could be included in HSIP applications. ADOT staff
could use the tools to identify the mix of projects, countermeasures, deployment levels, and
funding needed to achieve its targeted goals for reducing fatalities and serious injury crashes on
Arizona roadways. Ranking of priority for inclusion in the HSIP is based on benefit-cost ratio and
available funding.

e Module 4: Countermeasure Evaluation Tool. The Countermeasure Evaluation tool could be
used by ADOT staff to demonstrate the effectiveness of HSIP improvements by evaluating the
change in crash frequency or severity (i.e., safety effectiveness) associated with projects once
they have been in operation long enough to yield three to five years of crash data. The tool is
capable of performing benefit-cost analyses for implemented countermeasures, which are
needed for evaluations of federally funded HSIP projects.

Potential Use of SafetyAnalyst Within ADOT’s Project Development Process

This section describes the potential use of SafetyAnalyst within the individual stages of ADOT’s overall
project development process and the ADOT business units that are associated with each stage.

Stage 1: Long-Range Planning. Identify priorities, projects, programs, and/or policies to address long-
term system needs for roadways and multimodal forms of transportation, such as public transit,
pedestrian, bicycling, and aviation. ADOT’s planning program begins with a long-range visioning process,
moves into a 20-year Long-Range Transportation Plan, and finally yields a Five-Year Transportation
Facilities Construction Program. The Long-Range Transportation Plan sets priorities, while the actual
projects are selected in the Five-Year Program (Associated ADOT Business Unit: Multimodal Planning
Division, Transportation Planning).

52



Relevant SafetyAnalyst modules for these activities include the following:

e Module 1: Network Screening. Sites identified with potential for safety improvement could be
considered or integrated into the five-year planning and programming activities.

e Module 2: Diagnosis and Countermeasure Selection Tools. SafetyAnalyst could be used to
identify crash contributing factors, crash types, and possible countermeasures for sites
(intersections or segments) being considered as part of the five-year planning and programming
process. Site safety improvements could be integrated with other project considerations (e.g.,
traffic operations improvements) or could be used as the primary driver for improvements.

Stage 2: Project Scoping. Identify the preferred alignment for a project, including a clear description of
the project scope, budget, and major design features/requirements. Project scoping is initiated five to
seven years prior to construction, and the results are documented in a project scoping letter, project
assessment (PA), or location/design concept report (L/DCR). TSS assists with project scoping activities by
conducting safety evaluations, which consist of a review of crash history to identify potential safety
issues within the project limits, review of field conditions to assess potential safety improvements, and
consideration of available funds; on a few projects, TSS applies the Interactive Highway Safety Design
Model (IHSDM) to evaluate changes in crash frequency or severity associated with alternative cross
sections. The results of the safety evaluation are used to assess the benefit of various design alternatives
in addressing safety issues (Associated ADOT Business Units: Roadway Engineering — Roadway Predesign
and Review Section, Traffic Safety Section).

Relevant SafetyAnalyst modules for these activities include the following:

e Module 1: Network Screening. The SafetyAnalyst Network Screening results could indicate
whether a site under investigation has the potential for safety improvement and, thus, whether
additional safety-specific treatments should be considered.

e Module 2: Diagnosis and Countermeasure Selection Tools. The SafetyAnalyst Diagnosis tool
could be used to diagnose crash patterns within the project limits to determine whether there
are particular safety concerns that should be included in the project’s purpose and need
statement. To support a safety evaluation, users could generate crash summary statistics,
collision diagrams, and statistical tests for the site to determine whether certain crash types are
overrepresented. SafetyAnalyst could support the field condition review by generating a list of
site-specific questions regarding site characteristics, crash experience, geometric design, and
traffic control at the site. The results of the field investigation could be entered into
SafetyAnalyst to generate a list of suggested countermeasures to improve safety for roadway
segments and intersections. Users could select one or more of the suggested countermeasures
for consideration in the safety evaluation and add other countermeasures they consider
appropriate.

e Module 3: Economic Appraisal and Priority Ranking Tools. The Economic Appraisal tool could
be used to conduct economic appraisals of the costs and safety benefits of alternative
countermeasures for a particular site and narrow down design alternatives for recommendation
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and advancement into the design stage. The Priority Ranking tool could be used to rank the
priority of proposed improvement projects for the site based on the benefit-cost analysis
results. The results could be used to select countermeasures for incorporation into the project
scope.

Stage 3: Programming. Prioritize and program a project that has completed all of the planning and
environmental requirements to proceed into the final design stage. Information from the scoping phase
is used in the priority programming process. The resulting projects are included in the Five-Year
Transportation Construction Program (Associated ADOT Business Unit: Multimodal Planning Division —
Transportation Programming).

Relevant SafetyAnalyst modules for these activities include the following:

e Module 3: Economic Appraisal and Priority Ranking Tools. The Economic Appraisal tool could
be used to conduct a benefit-cost analysis to compare safety benefits among various projects
and assist ADOT in setting priorities for safety countermeasures across a network. The Priority
Ranking tool could be used to compare the benefits and costs of projects across sites and
prioritize projects by cost effectiveness, benefit-cost ratio, or net present value. The safety
benefits of projects could be compared alongside capacity, operational, or connectivity needs,
and the results could be incorporated into programming decisions to select projects for the Five-
Year Program. Performance measures, such as changes in crash frequency or severity, could be
a consideration in the decision-making process for certain types of improvements. Potential
traffic operations and/or economic impacts could also be considered. As the model expands to
include more roads in the state, ADOT could consider integrating the model with the Planning to
Programming (P2P) process that is currently under development at ADOT.

Stage 4: Project Development/Design. Develop detailed design submittals (30 percent, 60 percent,

95 percent, 100 percent complete) in accordance with ADOT design-related policies, guidelines, and
standard plans. At the conclusion of project development, ADOT advertises the project, accepts bids
from qualified contractors, and awards the project to the selected contractor (Associated ADOT Business
Unit: Roadway Engineering — Roadway Design).

Relevant SafetyAnalyst modules for these activities include the following:

o Module 2: Diagnosis and Countermeasure Selection Tools. The Diagnosis and Countermeasure
Selection tools could be used as part of a safety evaluation to assess the quantitative safety
impacts of project design exceptions and decisions, and to identify additional mitigation
strategies that may be needed to reach a mutually supportable goal in terms of crash reduction.
These strategies could then be incorporated into project design or traffic control plans.
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Stage 5: Construction. Construction of the project occurs after contract award (Associated ADOT
Business Unit: Roadway Engineering — Construction Group).

Relevant SafetyAnalyst modules for this stage include the following:

e Module 2: Diagnosis and Countermeasure Selection Tools. The Diagnosis and Countermeasure
Selection tools could be used to evaluate the safety impacts of any changes made to the design
or traffic control plans during the construction process.

Stage 6: Maintenance. Maintenance and operation of the project begins after the constructed project is
completed and formally accepted. ADOT’s Planning to Programming (P2P) process includes a method
for monitoring and assessing the crash reduction benefits resulting from infrastructure improvements.
This activity would be supported by TSS, which also would monitor for crash hot spots and identify and
recommend countermeasures to reduce crash frequency and/or severity at locations where safety
issues have been identified (Associated ADOT Business Unit: Maintenance, Multimodal Planning Division
— Transportation Planning, Roadway Engineering — Traffic Safety Section).

Relevant SafetyAnalyst modules for this stage include the following:

e Module 1: Network Screening Tool. The Network Screening tool could be used to identify sites
with higher-than-expected crash frequencies or high proportions of specific crash types as part
of ADOT’s ongoing overall highway safety management system.

e Module 2: Diagnosis and Countermeasure Selection Tools. These tools could be used to
identify crash contributing factors, crash types, and possible countermeasures for high-crash
locations as part of ADOT’s ongoing overall highway safety management system.

e Module 3: Economic Appraisal and Priority Ranking Tools. The Economic Appraisal and Priority
Ranking tools could be used to conduct a benefit-cost analysis to compare safety benefits
among various projects and assist ADOT in setting priorities for safety countermeasures across a
network as part of their ongoing overall highway safety management system.

e Module 4: Countermeasure Evaluation Tool. The Countermeasure Evaluation tool could be
used to conduct before/after evaluations of implemented safety improvements once they have
been in operation long enough to yield three to five years of crash data. The results could be
used to document the benefits of ADOT’s safety improvement program and provide better
estimates of the effectiveness of specific countermeasures for use in future project scoping and
programming activities.

Table 26 summarizes how the different SafetyAnalyst modules could be used in ADOT’s project
development process. This table represents a long-term implementation of SafetyAnalyst; initially,
network screening will likely be the most commonly used module.
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Table 26. Application of SafetyAnalyst Modules in the ADOT Project Development Process

SafetyAnalyst Module

Project 1: Network 2: Diagnosis & 3: Economic 4: Counter-
Development Associated ADOT Business Units : R Counter- Appraisal & )
Screening .. . measure
Process Stage measure Priority Ranking .
Tool . Evaluation Tool
Selection Tool Tool
Stage 1: Long- Multimodal Planning Division —
- . . X X
Range Planning Transportation Planning
. . Roadway Engineering — Roadway
zzzg?nz' Project Predesign and Review Section X X X
ping Traffic Safety Section

Stage 3: Multimodal Planning Division — X
Programming Transportation Programming
St 4: Project . .

age rojec Roadway Engineering — Roadway
Development/ . X

. Design
Design
Stage 5: Roadway Engineering — X
Construction Construction Group
Maintenance, Multimodal Planning

Stage 6: Division — Transportation Planning X X X X

Maintenance

Roadway Engineering — Traffic
Safety Section

Preliminary SafetyAnalyst Integration Options

Preliminary options for integrating SafetyAnalyst into standard business practices at ADOT include the

following:

e Option 1: Implementation limited to the traffic safety business unit as a whole. This option

would be limited to users within the central office.

e Option 2: Implementation limited to key users (one or two planners/engineers) within

associated business units. This option could include users in the central office only, or in both
the central office and districts. In the long term, this also could include MPOs.

e Option 3: Systemwide implementation for all staff within associated business units. This option

could include users in the central office only, or in both the central office and districts. This also

could include MPOs and other cities over the long term, concurrent with integrating all public
roads in the model.

Table 27 presents the strengths/weaknesses of each integration option relative to ADOT planning and

programming practices, training needs, consistency of use, model integrity, and level of effort required
by the ADOT ITG.
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Table 27. Preliminary SafetyAnalyst Integration Options

Consideration

Option 1

Option 2

Option 3

Integration of Safety
into Non-Safety-
Specific Planning
and Programming

This option would result in the
lowest integration of safety into
ADOT planning and programming
processes, as safety knowledge and
application would be limited to TSS.
The TSS would be responsible for
promoting safety and work on safety
analyses for all project activities.

Provides potential for safety to
be integrated into activities
other than safety-specific
activities. Train key staff with
interest in safety to begin
spreading use of the model.

Provides greatest potential for
guantitative safety integration;
however, ADOT has the least
control of application of the
tools.

Training Needs

Training needs would be limited to a
few staff. This option would result in
limited redundancy in the event of
staff changes/

turnover; therefore, there would be
potential peaks and valleys in model
application.

Moderate training needs.
Nonsafety staff may not use
the model on a regular basis,
so periodic training would be
required. Training could be
supplemented with summary
guides and guidelines/policies
regarding use of the model.

Greatest training and
monitoring requirements —
would require extensive training
to ensure users are applying the
software and interpreting
results correctly.

Consistency of Use

SA expertise would be developed
within the TSS, with strong
consistency in analysis methods and
results.

Consistent application of the
model may decline as more
staff use the model —issue
could be mitigated by limiting
access to particular modules
within the model.

Consistent application of the
model may decline as more staff
use the model. Consistency
issue could be mitigated through
extensive, ongoing user training.

Model Integrity

Highest degree of model integrity,
since higher likelihood that users
would be working with most recent
traffic, crash, and roadway datasets.

Would require slightly more
careful management of the
model and user versions.
Would be mitigated by issuing
a new version of the model
each year.

Would require ongoing careful
management of user versions.
Could be mitigated by issuing a
new version of the model each
year.

ITG Level of Effort

Software and database maintained
by ITG. Access to the SA database
and analysis module limited to users
within the TSS.

Software maintained by ITG,
with access to the SA database
and analysis module limited to
key users within associated
business units. Would require
moderate coordination and
collaboration with users
regarding user support, data
updates, software version
updates.

Software maintained by ITG, and
access to the SA database and
analysis module would be
allowed by all staff in associated
business units. Would require
extensive coordination and
collaboration with users
regarding user support, data
updates, software version
updates.

Initially, ADOT should focus on bringing TSS staff up to a level of expertise that allows for easy use of the

model on safety-specific projects. As this expertise grows, TSS staff should begin working to expand the

number of model users and expand deployment of the model outside of safety-specific project planning

and programming.

Recommended SafetyAnalyst Implementation

Developing the Model

It is recommended that ADOT address the gaps and action items identified in Chapter 5 to develop a

fully functional SafetyAnalyst model. Initially, the model should be developed for all roadway segments
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under state jurisdiction. At the highest level, the major activities needed will be to create the
SafetyAnalyst Working Group (staff from TSS, ITG, and TEG) and assign the roles of SA Data
Administrator and SA Application Administrator to selected ITG staff members. These staff members will
work together closely to complete the activities already identified.

The model should be developed and deployed incrementally in the following order:

e Phase 1: State Roadway Segments — Modules 1 to 3

e Phase 2: State Intersections — Modules 1 to 3

e Phase 3: State Ramp — Modules 1 to 3

e Phase 4: All state roads — Modules 1 to 4

e Phase 5: All public roads — Module 1 to 3 and finally Module 4

The project team’s recommendations for how ADOT can fill data gaps with actual values and with
assumed data values that will allow the analytical tool to operate are detailed in Chapter 5.

Concurrent with the Phase 1 model development, ADOT Traffic Safety Section staff should prepare to
lead the efforts to validate the completed model (entire database schema used for all analytical
routines), apply the model, and train themselves and other model users. The major implementation
activities for Phase 1 are:

e Developing a validation plan for confirming familiarity with each phase of the model

e Developing a phasing plan for model applications within TSS, other units within ADOT, and, in
the future, MPOs

e Developing marketing and training programs

e Developing deployment plans for each additional phase of the model

Preliminary activities recommended for the Working Group are listed in Table 28.
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Table 28. Preliminary SafetyAnalyst Working Group Activities

Gap Resolution Action
. Create group of SA Application Administrator, SA Data
SafetyAnalyst Working G .
afetyAnalyst Working Group Administrator, and one or two SA end users
People/ SafetyAnalyst Data Administrator (Data

Organization Gap

Management Tool)

Nominate a database expert from ITG

SafetyAnalyst Application
Administrator (Administrator Tool)

Nominate a systems expert from ITG

e Select elements of the network for SA implementation
e State: Segments, intersections, ramps on freeways arterials

SA Network and collectors
o Nonstate: Segments, intersections, ramps on freeways
arterials, and collectors
Data Collect/compile data in order of network priorities consistent

with recommendations in Table 9

Application Gap

ETL Script

Create a script to pull data from the source location and analyze,
translate, and transform into the SA loading template

GIS Data Review Tool

Create an ArcGlIS Server site with the source data, the SA loading
data, and the analytical tool output for investigation and
exploration by the end user

Database/System
Gap

SafetyAnalyst SQL

Create an SQL Server database within an existing SQL Instance

Hardware Gap

Database Server

Create an SQL Server database within an existing SQL Instance

File Distribution Location

Create an ftp site location or a file server location accessible to
all SA users

Workflow/
Process Gap

Preprocessing

Create automated ETL scripts to enable routing populate of SA
loading data

Annual update

Create automated ETL scripts to enable routing populate of SA
loading data

Enterprise distribution

Create a SQL Server database within an existing SQL Instance

Data/system changes

Create SA Working Group to review data and processes

Validate Completed Model

A validation should be conducted for each phase and for the completed model to ensure that

SafetyAnalyst is processing the input data records correctly. This can be done by comparing the

preprocess and postprocessed data for various network descriptive elements, such as number of

roadway segments, number of intersections, number of ramps, and number of crashes by segment.

Ensuring that all values in the database are populated with a value will minimize the number of data
records rejected by SafetyAnalyst.

Applying the Phase 1 Model

In the near term (next three to five years), TSS staff should prepare to be largely responsible for using

the model, demonstrating the value of the model, and teaching others to use the model. As TSS staff

gain experience with the model, they should strive to identify additional users in the following order:
other central office staff, district office staff, and MPOs.
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The SafetyAnalyst modules that should be deployed are the following:

e Module 1: Network Screening — Complete and distribute Phase 1 network screening results to
district staff and MPOs if interested. Work with recipients to integrate the results of the model
into the HSIP project selection process. Consider working with new users to develop incentives
for using SafetyAnalyst results. One incentive could be to modify the HSIP project selection
processes to add points to projects identified through the SafetyAnalyst process. TSS also could
begin working to integrate network screening results into non-safety-specific projects as
presented in Table 26.

e Module 2: Diagnosis and Countermeasure Selection — As district staff become more confident
and comfortable with applying the model, begin teaching users how to diagnose safety issues or
select countermeasures using SafetyAnalyst Module 2. Develop TSS expertise and work with
individual project planners, traffic engineers, and designers to use SafetyAnalyst diagnosis and
countermeasure selection tools. This will likely be on a case-by-case basis and, in the near term,
conducted entirely by TSS staff. However, the longer-term vision should be for traffic engineers
and designers to use the model for these activities.

e Module 3: Economic Appraisal and Priority Ranking — As users conduct more analysis within the
model, there will be more opportunity for potential countermeasures to be evaluated and
prioritized within SafetyAnalyst. As the model becomes more institutionalized, this could
become a valuable approach for TSS to work with other DOT staff and MPOs to improve the
efficiency of safety investments. As a goal, TSS could work to help all district and/or MPO staff to
use the Module 3 tools for developing HSIP programs.

e Module 4: Countermeasure Evaluation - In the long term, as projects are deployed and entered
into the SafetyAnalyst databases, Module 4 could be used to support safety effectiveness
evaluations. It is anticipated that this will be one of the last modules deployed and that
deployment is not likely until after SafetyAnalyst has been extensively used and institutionalized
by ADOT.

Develop Marketing and Training Programs

Throughout the development and deployment of the model, TSS will be responsible for training ADOT
staff on the appropriate use of the SafetyAnalyst tool. In some cases, the training will be limited to
teaching users how to interpret and apply the outputs/results from SafetyAnalyst. In other cases, TSS
will teach users how to use the software and how to interpret and apply the results. The training plan
should be phased in according to the modules being applied and the business units potentially applying
the model. Table 29 presents a proposed phasing plan for training. This training plan assumes ADOT
intends to integrate SafetyAnalyst into safety and non-safety project types.
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Table 29. Recommendations for SafetyAnalyst Training at ADOT

Module 1: D“i,:):l;:széc Econzlln‘:idcuAIe 3;aisal Module 4:
ADOT Business Unit Network Screening 8 . pp R Countermeasure
Countermeasure & Priority Ranking .
Tool . Evaluation Tool
Selection Tool Tool
Traffic Safety Section A — Using the B — Using the C - Using the D — Using the
software software software software
. . C—-Using th
MPD — Transportation Planning |B — Results only SIng the
software
R Engi ing — — Usi h D — Usi h
oadwgy ngineering B — Results only C—Using the Using the
Predesign software software
MPD Trans.portatlon D — Results only
Programming
. . . C—Using the C— Using the
Roadway Engineering — Design software software
Construction D~ Using the
software
. . C—-Using th
District Design B — Results only SIng the
software
District Traffic Engineers B — Results only €~ Using the
software

MPOs

C — Results only

D—- Using the software

A = first priority; B = second priority; C = third priority; D = last priority

Resources that could be useful as part of a training or internal marketing program include:

e Developing guidelines for analyzing the safety benefits of design exceptions and pavement

preservation projects

e Developing summaries identifying how SafetyAnalyst can be used in typical projects for any

given business unit

e Developing white papers, one-page summaries, or examples of typical district or central office

projects that used SafetyAnalyst in the project development/decision-making process

e Developing an on-line list of frequently asked questions (FAQ) and sample outcomes to support

working with the software

e Developing training tailored to typical business units

Phased Model Development Program

Even as Phase 1 of the model has been developed and early application and deployment is underway,

the SA Working Group should begin to develop a plan for enhancing the Phase 1 model or beginning

development of the Phase 2 model. Enhancements will address the data gaps, application gaps, and

database or hardware gaps. Selection of the gaps to address will, of course, be directly related to how

closely the model is integrated into the HSIP process and the state project development process. As

more state and MPO users take advantage of the model, more needs associated with enhancing the

model will arise. Again, it is anticipated that the first three to five years of development and deployment

will be focused on the roadway segment network screening module. Until this module is well used
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within the DOT, it is recommended that ADOT’s SA Working Group focus on enhancing the data
associated with this module, demonstrating the value of the model with ADOT-specific case studies, and
providing training for staff.

Deploying and enhancing the model will require continuous investment in the model. The SA Working
Group should be multidisciplinary and must include champions and staff with specific responsibility from
ITG, TSS, and other business units such as MPD and TEG. At a minimum, ITG and TSS staff should be
involved on an ongoing basis if the model is to be successfully developed and deployed. In order to
establish this ongoing commitment, ITG and TSS will need to consider and identify opportunities for
ongoing staff availability and a funding stream. In addition to annual SafetyAnalyst licensing fees, there
may be expenses associated with such items as data needs, training and marketing, state or national
travel for training, and user activities. Depending on ADOT culture and staff management programs, ITG
and TSS business unit leaders may consider including SafetyAnalyst deployment and integration as a
performance measure in annual performance responsibilities of staff on the SA Working Group.

Finally, the SA Working Group should strive to maximize the value of the model with the least effort and
time. While the model must, of course, be valid to be useful, it need not be perfect before staff can start
learning about its potential value to ADOT. It is important to recognize that the model may never be
perfect. Instead of waiting to deploy the model until it has the best, most complete data, the best, most
precise assumptions about different traffic engineering considerations, or the best, most efficient ETL
scripts, it may be more beneficial to deploy an incomplete yet functional model that can demonstrate
the value of integrating safety into project activities and enhance the HSIP process.
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CHAPTER 7. RECOMMENDATIONS FOR DATA INTEGRATION AND MANAGEMENT

This chapter provides recommendations for data integration and management using ADOT’s approved
technology stack. The recommendations are intended to provide ADOT with the information needed to
implement SafetyAnalyst and include recommendations for overall system enhancements and for
populating the SafetyAnalyst database for distribution and use.

Ideal Condition for SafetyAnalyst Implementation

The overall ideal condition for implementation is identified in Chapter 4, where Figure 5 shows in red
the necessary changes from the existing condition. Ideally, implementing SafetyAnalyst requires an
enterprise environment for data storage and distribution using a Microsoft SQL Server for centralized
storage and dissemination of calibrated SafetyAnalyst data; this approach reduces the risk of outdated
data and eliminates multiple data copies across the network. To facilitate the enterprise distribution
model at ADOT, several gaps must be filled (as stated in Chapter 5). Requirements for filling these gaps
are outlined below.

Required Changes in Systems and Workflow

e Filling Database/System Gaps
0 SafetyAnalyst (SQL): ADOT needs to create and use an SQL Server database for the
distribution of postprocessed SafetyAnalyst data.
= Users need read-only access and sufficient network connectivity to use this
resource.
= The database requires an administrator for performance, connectivity,
credentials, and process management.
e Filling Hardware Gaps
0 Database Server: Identify an existing enterprise SQL Server Database Server for the
storage and distribution of postprocessed SafetyAnalyst data.
= This will be the distribution point for SA information and will prevent
SafetyAnalyst data packages from being distributed across ADOT as individual
Derby databases.
= ADOT could use a new SQL Database Server, but the load required by
SafetyAnalyst does not justify this expense. Any existing SQL implementation
with appropriate connectivity and available load will suffice.

O File Distribution Location: Identify an existing location for the distribution of the
SafetyAnalyst install package (without data) that points to the SQL Database Server. This
file is produced by SafetyAnalyst after postprocessing and will be downloaded by users
for local installation and use of SafetyAnalyst postprocessed information (Analytical
Tool).
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e Filling Workflow/Process Gaps

(0]

Enterprise Distribution: Use SQL Server instead of individual Derby databases for data
storage and distribution, thus eliminating data publication and version issues and
discrepancies.

Data/System Changes: Add a process to make changes to the data/systems, and then
review how the changes affect users and the analytics of SafetyAnalyst outputs. ADOT
should formalize this process and use the SA Working Group to make decisions and test
impacts before implementing changes fully.

Required Changes in Organization and Staffing

e Adding a SafetyAnalyst Working Group

(0]

(0]

(0]

(0]

The SA Working Group will make critical decisions regarding SafetyAnalyst data inputs,
assumptions, transformations, and quality control as the data and systems evolve.

The group should be small and should represent the interested parties within ADOT and
the user community.

The group will be responsible for discussing and testing the ramifications of changes to
tool operation, data input sources, assumptions, and any other potential change to the
overall system.

The SA Data Administrator and the SA Application Administrator should participate in
this group.

e Assigning a SafetyAnalyst Data Administrator (Data Management Tool)

(0]

(0]

The assigned administrator will be responsible for the Data Management Tool and
should be an IT/database resource familiar with the data and data requirements for SA.
This individual will be responsible for all data preprocessing activities (including future
ETLs), loading data into SafetyAnalyst, and postprocessing the SafetyAnalyst database.
This employee will be responsible for implementing any changes in data sources,
assumptions, or analytical techniques.

This individual should participate in the SA Working Group.

e Assigning a SafetyAnalyst Application Administrator (Administrator Tool)

(0]

(0]

This assigned administrator will be responsible for the Administrator Tool and should be
an IT resource familiar with the workflow and distribution requirements for
SafetyAnalyst.

This individual will be responsible for product licensing, the overall systems involved
(SQL Server, file distribution, ETL management, user management, and publication
management), and the system’s overall upkeep.

This individual should participate in the SA Working Group.
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Implementation Strategy
To successfully implement an enterprise SafetyAnalyst deployment, ADOT should perform the following:

e Develop conceptual design (systems)

e |dentify software/hardware locations

e Develop a SafetyAnalyst data model

e Develop data import schema

e Perform initial data creation procedures

e Prepare roadway segment, crash record, and segment traffic data
e Load SafetyAnalyst

e Create SafetyAnalyst Installer

These activities are discussed in more detail in the following sections.
Develop Conceptual Design (Systems)

At its core, SafetyAnalyst is composed of three software tools (Administration, Data Management, and
Analytical) and two core databases (System Data and Calibrated Distribution Data). The Analytical tool
and the Calibrated Distribution Database are the access points for end users and analysts, while the
Administration and Data Management tools and the System Database are predominantly for IT and
database administrators.

Administration Tool. This tool is used to set up and manage the SafetyAnalyst deployment. It enables an
agency to tailor the SafetyAnalyst data model and to modify the federally supplied default data used in
conducting safety analyses.

Data Management Tool. This tool is used to import and prepare an agency’s inventory, traffic volume,
and accident (crash) data for analysis. In the current release, a separate application is provided to
manage the set of countermeasures that have been applied to an agency’s inventory.

Analytical Tool. This tool is used to conduct safety analyses of an agency’s inventory. To ensure data
integrity, this client application accesses the agency data in a read-only mode.

Identify Software/Hardware Locations

ADOT ITG needs to identify and establish a permanent location for the Administration Tool, the Data
Management Tool, a Derby data preparation database (preprocessing), and a SQL Server database for
distribution. The Analytical Tool will be installed locally for each user. Each of these tools and databases
is discussed below.

Administration Tool Location. The Administration Tool is used to administer the agency data, federal
defaults, and system data. This tool should reside in the same location as the Data Management Tool,
because the preprocessing and postprocessing routines need access to the agency, federal, and system
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data. This location also will need access to (or create) the Derby database for data loading,
preprocessing, postprocessing, and calibration. The identified location can be an enterprise server for
multiuser access or a stand-alone Microsoft Windows PC. In either scenario, the machine will be
required to support Java programming language and JDBC.

Data Management Tool Location. The Data Management Tool is an application used to create,
preprocess, postprocess, and calibrate SafetyAnalyst data. This tool should reside in the same location
as the Administration Tool, because the preprocessing and postprocessing routines need access to the
agency, federal, and system data. This location also will need access to (or create) the Derby database
for data loading, preprocessing, post processing, and calibration. The identified location can be an
enterprise server for multiuser access or a stand-alone Microsoft Windows PC. In either scenario, the
machine will be required to support Java programming language and JDBC.

Derby Database Location. The Derby database will reside in the file structure of the identified location
on the computer where the Administration and Data Management tools reside. The identified location
will support multiple Derby databases, one for each instance of SafetyAnalyst data. Each Derby database
tends to be small (well under a gigabyte); therefore, hard drive size considerations are negligible.

SQL Server Distribution Database Location. A SQL Server instance should be identified or created to
store and distribute final SafetyAnalyst data to the enterprise. The SQL Server instance can reside on any
server within the network that the necessary users can access. End users will require read-only access to
the database and data tables. The hard drive space required to support the SafetyAnalyst database is
negligible. Computer memory and processor speed also are not of great concern to the overall
SafetyAnalyst implementation.

Analytical Tool Location. The Analytical Tool will be installed locally for each end user of the system.
Upon installation, local flat files are created for user preferences, analysis results, and reports for each
user on the computer hard drive. This is true for ADOT end users and non-ADOT end users as they may
be included over time.

Develop a SafetyAnalyst Data Model

The SafetyAnalyst data model is documented very well in the Data Management Tool Manual provided
with the software and, therefore, is not documented here. However, SafetyAnalyst does allow for
certain changes to the default schema and default schema values, and these changes are managed in
the Agency Overrides database (Derby database) local to the Administration Tool install location.

The Agency Overrides database can be altered using the Administration Tool on the Edit tab. On the Edit
tab (Figure 7), the SafetyAnalyst administrator can permanently change certain deployment attributes,
site subtypes, user permissions, countermeasures, diagnostics, distributions, SPFs, and EAPRM
parameters.
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Figure 7. The Edit Tab of the Administration Tool

Not all elements in SafetyAnalyst can be altered through the Administration Tool. Most elements within
SafetyAnalyst are required or are hard-coded into the software and, therefore, cannot be changed. Any
changes made within the Administration Tool should be done before loading, preprocessing,
postprocessing, and calibrating data. Data elements can be altered directly in the Administration Tool
interface or through an export/import process using .xml files. Both methods of editing are acceptable.
The .xml export/import can be faster; however, the editor must be very careful editing the .xml. The
requirements for loading the edited values correctly (so that SafetyAnalyst can access the information)
are very precise.

Develop Data Import Schema (three .txt files)

For data to be loaded into SafetyAnalyst, the input data must be converted or aggregated into the data
loading schema and converted to a .csv (or .txt) file. The data import schema for altRoadwaySegment
(roads), altAccident (crashes), and altSegmentTraffic (volume data) are shown in Tables 30, 31, and 32,
respectively.
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Table 30. altRoadwaySegment Schema

Column Name Data Type Column Name Data Type
agencylD String d2avglLaneWidth Double
locSystem String medianTypel String
routeType String medianWidth Double
routeName String d1shoulderTypeOut String
county String d1shoulderTypeln String
startOffset Double d2shoulderTypeOut String
endOffset Double d2shoulderTypeln String
agencySiteSubtype String dlavgShoulderWidthOut Double
gisID String dlavgShoulderWidthin Double
altRouteNames String d2avgShoulderWidthOut Double
majorRoadName String d2avgShoulderWidthin Double
segmentlLength Double accessControl String
district String drivewayDensity Double
city String growthFactor Double
jurisdiction String postedSpeed Double
areaType String operationWay String
terrain String travelDirection String
roadwayClass1 String increasingMilesposts String
dlnumThrulane Integer dlbikeway String
d2numThrulane Integer d2bikeway String
dlauxLanel String interchangelnfluence String
dlauxLane2 String openedToTraffic Date
dlauxLane3 String discontinuity String
d2auxLanel String corridor String
d2auxLane2 String comment String
d2auxLane3 String accessKey String
dlavglLaneWidth Double
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Table 31. altAccident Schema

Column Name Data Type Column Name Data Type
agencylD String schoolBus String
locSystem String workZone String
routeType String numVehicles Integer
routeName String druglinvolved String
county String towlIndicator String
locSection String runoffindicator String
locOffset Double pedestrianindicator String
gisID String bikelndicator String
accidentSegmentID String sideOfDividedHighway String
accidentIntersectionID String vlinitialTravelDirection String
accidentRamplD String v2initialTravelDirection String
accidentDate Date vlvehicleManeuver String
accidentTime String v2vehicleManeuver String
accidentSeverityl String vlvehicleConfiguration String
numberOfinjuries Integer v2vehicleConfiguration String
junctionRelationship String vifirstEvent String
drivewaylndicator String v2firstEvent String
lightCondition String vldriverDOB String
weatherCondition String v2driverDOB String
surfaceCondition String comment String
collisionType String numberOfFatalities Integer
environmentCondition String JoinFieldTemp Integer
roadCondition String

Table 32. altSegmentTraffic Schema

Column Name Data Type
agencylD String
calendarYear Integer
aadtVPD Double
percentHeavyVehicles Double
peakHourlyVolume Double
comment String

Perform Initial Data Creation Procedures

The initial data creation procedures for SafetyAnalyst are the same procedures used to update
SafetyAnalyst with new data or to replace SafetyAnalyst data with revised data, as shown in Figure 8.
The overall procedures use GIS to aggregate and assign a common reference, and then use any data
editing application (e.g., ArcGIS, Microsoft Access, Microsoft SQL Server) to translate data values. The
SafetyAnalyst Data Management Tool is then used to import data, preprocess, postprocess, and
calibrate. Recommendations for this process are as follows:
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e Use the local Derby database for initial data creation procedures to minimize connectivity and
application-related errors during the loading process. Once the data are error-free, then the
data should be loaded into SQL Server for distribution.

e Alter or create any Agency Overrides in the Administration Tool before the import files are
created and loaded.

e Use GIS and LRS to generate a common, standard location reference for each data element.
SafetyAnalyst uses tabular data to reference and analyze roads, crashes, traffic, and

countermeasures.

HPMS
SA Data Loading Process

GIS
Routes

—b( altAccident (

—b( altRoadwaySegment (
—P( altTraffic (

Data Management Tool

ranslate
Values

Administration Tool v

Import Data

Deployed Attributes

Post Process

System Database Calibrate “

Figure 8. SafetyAnalyst Data Loading Process Overview

Source: ARCADIS-generated graphic.
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Prepare Roadway Segment Data (altRoadwaySegment)

Note: The traffic segment preparation values should be included in the roadway segment value
preparation so that both result sets have the same segmentation and identifiers. This process should be
performed only once for the entire required dataset.

Segment Identification. The first step in roadway segment preparation is to select or identify the
desired input roadway segments (all roads, State Highway System, Functionally Classified, etc.). These
records should be pulled from the GIS LRS and exported to an off-line geodatabase for further
processing. Note: The off-line geodatabase will provide a static route network free from changes during
the data creation process. Each roadway segment record should have a route ID (ATIS Code) and a
beginning and ending measure value.

For each roadway segment record, data values must be assigned for all data elements identified in the
altRoadwaySegment import schema. If any value for any record is left blank or null, that record will be
rejected by SafetyAnalyst in the loading process. Note: It was found in the pilot project that, although
“unknown” values are acceptable for loading, a record with an “unknown” value is likely to be rejected
during postprocessing. Therefore, it is recommended that any “unknown” values be replaced with an
educated guess or best judgment based upon ADOT standards. These judgments can be recorded and
subsequently refined as resources become available.

Data Input Identification. Each data element to be populated in the import schema should be identified
in the linear events in the GIS LRS. Each event in the LRS has a route ID and a beginning and ending
measure that correspond to the location on the route network. Each identified data element must be
overlaid on the route network and subsequently grouped together to create distinct roadway segments
with all of the needed input values.

Input Data Overlay. Several GIS geoprocessing tools can be used to achieve the desired result. Given the
structure of the new LRS at ADOT (August 2014), the Overlay Route Events tool is recommended. This
tool performs an intersect of input event layers that results in records with homogeneous attribute
values. Every change in attribute along the route results in a segment break. Therefore, great care
should be taken to minimize undershoots, overshoots, and overlaps in the input data. Each individual
data element should be intersected or overlaid with the route network using this tool until all the
necessary SafetyAnalyst roadway segment values are aggregated into one dataset with breakpoints at
each attribute change.

It is expected that precision or accuracy errors in the input data may produce numerous slivers or very
short segments. SafetyAnalyst rejects very short segments, as these short segments can skew overall
analysis results. Any cleanup activities that can be performed at this point will reduce the number of
load warnings during SafetyAnalyst’s load process. To clean up sliver segments, the Dissolve
geoprocessing tool can be used against certain input data values. The dissolve function collapses records
with the same value in the dissolve attribute (or multiple attributes). Care should be taken in dissolve
attribute selection, as most of the splits in data records reflect the desired result; the dissolve should
only collapse records with erroneous splits caused by data accuracy issues. If this is a pervasive problem,
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one solution could be to define SafetyAnalyst segments as an input event, thus providing the dissolve
attribute of SegmentID and allowing the data manager to easily dissolve the output records. Over time,
this is likely to become less of an issue as overall data accuracy in the GIS improves.

Measure Assignment. Once the overlay is complete, a beginning and ending measure must be assigned
to each individual segment. (Note: All input events have beginning and ending measures; however, the
overlay process segments most, if not all, inputs—the segmentation nullifies the existing measure values
and requires that the values be reassigned.) The first geoprocessing tool in this process is the Feature
Vertices to Points tool. This tool takes the beginning and ending point locations for each input segment
and converts these locations to a point feature class. The point feature classes, one for beginnings and
one for ends, are then processed with the geoprocessing tool Locate Features Along Routes. This tool
assigns the nearest route and measure to each point location. Multiple route and measure locations
may be returned for each point—one for every route within the search radius. These results must be
joined back to the input dataset so that the input routelD can be compared with the result set routelD.
The matching records contain the appropriate measure value for that location along the correct route.
The matching record must then be joined back to the original overlay output segment so the true
beginning and ending measures for that segment can be assigned. At this point, all of the input overlay
events in the dataset are merged into homogenous segments with beginning and ending measure values
that correspond to their true locations on the route network.

Value Translation and Assignment. Most of the data values stored within the GIS event layers are not
the expected values within SafetyAnalyst. These values must be translated from the existing GIS stored
values to the SafetyAnalyst expected values. For example, the GIS stores Terrain Type as a numeric value
(1 - Level, 2 — Rolling, 3 — Mountainous), while SafetyAnalyst is expecting a character value (L — Level, R
—Rolling, M — Mountainous). Each value requiring translation must be selected and updated to the
appropriate SafetyAnalyst value. Depending on the data manager’s preferred software, numerous
methods can be used, including Update Query in SQL Server and Select and Calculate in GIS. The data
crosswalk (completed as part of this project and submitted in electronic form to ADOT) details the
translation values that are required.

Certain values need direct assighnment rather than a translation, as these values are not derived from the
event overlay process. These values should be calculated or updated in the resulting dataset. For
example, the LocSystem field should be calculated to value “A” — Route/Measure, which tells
SafetyAnalyst that this record uses a route and measure location methodology for location. The data
crosswalk (completed as part of this project and submitted in electronic form to ADOT) identifies the
fields that should be assigned values directly.

Note: It was found in the pilot project that, although “unknown” values are acceptable for loading, a
record with an “unknown’ value is likely to be rejected during postprocessing and will not be available
for analysis. Therefore, it is recommended that any “unknown” values be replaced with an educated
guess or best judgment based upon ADOT standards. These judgments can be recorded and
subsequently refined as resources become available.
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Schema Cleanup and .txt File Generation. After all values have been assigned and translated, the
dataset must be cleaned of any non-SafetyAnalyst schema fields. The loading process for SafetyAnalyst
results in an error if the input dataset contains extraneous or unexpected columns. Once the dataset is
cleaned and ready, the dataset can be exported to a .txt file for final preparation.

SafetyAnalyst expects the input data to be a .txt file that is comma delimited, with the first line being the
table name (i.e., altRoadwaySegment), the second line being the column headers, and each subsequent

line being the individual data records (Figure 9). It is very important that the table name and the column
headers exactly match the SafetyAnalyst schema, including capital and lower-case letters. SafetyAnalyst
produces an error if the input data are not correctly formatted.

altrRoadwaysegment

agencyID, locSystem,routeType,routeName, county,startoffse
4,4, I, I 017 1,13,34.48,36. 35, ,4,
5,4,L,07 SWEETWATER AVE,12,18.5%6,19.03,,5,,,0.
6,a,L,07 2ETH DR,12,20.85,21.35,,6,,,0.4
f.4,I, I 017,13,16.50,16.97,,7,,,0.46,M,PHX,2,U,x,1,4,4
8,A,I, I 017 1,13,36.35,37.39,,8,

Figure 9. altRoadwaySegments Example

Note: SafetyAnalyst accepts other data loading methodologies that ADOT could explore.
Prepare Crash Record Data (altAccident)

Crash record preparation begins with record selection from the Safety Data Mart or some other
acceptable location. All crashes that are loaded into SafetyAnalyst also require selection of the vehicle
unit data. Selected data should be extracted to an off-line location for processing and preparation to be
loaded into SafetyAnalyst. Unit information is a required input of the crash and should be joined to the
crash record prior to proceeding.

Measure Assignment. Each crash record must be assigned a route and measure that correspond to the
same route network that was used in the roadway segment generation. It is critically important that all
SafetyAnalyst input data use the same reference location information so that each data record
correlates appropriately with the other data records in the same physical location.

To assign route and measure, each crash location must be generated spatially using X, Y, or some other
method that results in a GIS point location. Each point is then processed with the geoprocessing tool
Locate Features Along Routes. This tool assigns the nearest route and measure to each point location.
Multiple route and measure locations may be returned for each point; one for every route within the
search radius. These results must be joined back to the input dataset so that the input routelD can be
compared with the result set routelD. The matching records contain the appropriate measure value for
that location along the correct route. The matching record must then be joined back to the original
crash record so that the true measure for that crash can be assigned. At this point, all of the input

73



overlay events in the dataset are merged into homogenous segments with beginning and ending
measure values that correspond to their true locations on the route network.

Value Translation and Assignment. Most of the data values stored within the crash records are not the
expected values within SafetyAnalyst. These values must be translated from the existing crash stored
values to the SafetyAnalyst expected values. Each value requiring translation must be selected and
updated to the appropriate SafetyAnalyst value. Depending on the data manager’s preferred software,
numerous methods can be used, including Update Query in SQL Server and Select and Calculate in GIS.
The data crosswalk (completed as part of this project and submitted in electronic form to ADOT) details
the translation values that are required.

Certain values need direct assignment rather than a translation, as they are not derived from the event
overlay process. These values should be calculated or updated in the resulting dataset. For example, the
LocSystem field should be calculated to value “A” — Route/Measure, which tells SafetyAnalyst that this
record uses a route and measure location methodology for location. The data crosswalk (completed and
submitted in electronic form to ADOT) identifies the fields that should be assigned values directly.

Note: The pilot project found that, although “unknown” values may be loaded, a record with an
“unknown” value is likely to be rejected by SafetyAnalyst during postprocessing and will not be available
for analysis. It is recommended that “unknown” values be replaced with an educated guess based on
ADOT standards. These judgments can be recorded and later refined as resources become available.

Schema Cleanup and .txt File Generation. After all values have been assigned and translated, the
dataset must be cleaned of any non-SafetyAnalyst schema fields. The loading process for SafetyAnalyst
results in an error if the input dataset contains extraneous or unexpected columns. Once the dataset is
cleaned and ready, the dataset can be exported to a .txt file for final preparation.

SafetyAnalyst expects the input data to be a .txt file that is comma delimited, with the first line being the
table name (i.e., altAccident), the second line being the column headers, and each subsequent line being
the individual data records (Figure 10). It is very important that the table name and the column headers
exactly match the SafetyAnalyst schema, including capital and lower-case letters. SafetyAnalyst
produces an error if the input data are not correctly formatted.

k1taccident
agencylID, locSystem,routeType,routeName, county, locsection,
ra

2407592,A,I, I 017 0 ,MARICOPA,,9.
2409479,A,I, I 017 0 ,MARICOPA,,6.
2412162 ,A,I, I 017 0 ,MARICOPA,,O.
2409494 ,A,I, I 017 0 ,MARICOPA,,8.
2412159,A,I, I 0171963 ,MARICOPA, ,O0.

Figure 10. altAccident Example

Note: SafetyAnalyst accepts other data loading methodologies that ADOT could explore.
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Prepare Segment Traffic Data

Ideally, Segment Traffic data are prepared in tandem with the roadway segment overlay so that the
segmentation for roadways and traffic are identical. The data manager can perform the preparation
steps once for the entire dataset instead of performing them on each dataset and trying to reconcile the
two. If the segment traffic data are prepared with roadway segments, then the data manager can skip to
the Value Translation and Assignment section.

Data Input Identification. Each data element to be populated in the import schema should be identified
in the linear events in the GIS LRS. Each event in the LRS has a route ID and a beginning and ending
measure that correspond to the location on the route network. Each identified data element must be
overlaid on the route network and subsequently grouped together to create distinct roadway segments
with all of the needed input values.

Input Data Overlay. Several GIS geoprocessing tools can be used to achieve the desired result. Given the
structure of the new LRS at ADOT (August 2014), the Overlay Route Events tool is recommended. This
tool performs an intersect of input event layers that results in records with homogeneous attribute
values. Every change in attribute along the route results in a segment break. Therefore, great care
should be taken to minimize undershoots, overshoots, and overlaps in the input data. Each individual
data element should be intersected or overlaid with the route network using this tool until all the
necessary SafetyAnalyst roadway segment values are aggregated into one dataset with breakpoints at
each attribute change.

It is expected that precision or accuracy errors in the input data may produce numerous slivers or very
short segments. SafetyAnalyst rejects very short segments as these short segments can skew overall
analysis results. Any cleanup activities that can be performed at this point will reduce the number of
load warnings during SafetyAnalyst’s load process. To cleanup sliver segments, the Dissolve
geoprocessing tool can be used against certain input data values. The dissolve function collapses records
with the same value in the dissolve attribute (or multiple attributes). Care should be taken in dissolve
attribute selection, as most of the splits in data records reflect the desired result; the dissolve should
only collapse records with erroneous splits caused by data accuracy issues. If this is a pervasive problem,
one solution could be to define SafetyAnalyst segments as an input event, thus providing the dissolve
attribute of SegmentID allowing the data manager to easily dissolve the output records. Over time, as
overall data accuracy in the GIS improves, this is likely to be less of an issue.

Measure Assignment. Once the overlay is complete, a beginning and ending measure must be assigned
to each individual segment. (Note: All input events have beginning and ending measures; however, the
overlay process segments most, if not all inputs—the segmentation nullifies the existing measure values
and requires that the values be reassigned.) It is possible that the overlay results will not create
additional segmentation or breaks in segments. If this is the case, then this step is not necessary, as the
existing measure values can be used. The first geoprocessing tool in this process is the Feature Vertices
to Points tool. This tool takes the beginning and ending point locations for each input segment and
converts these locations to a point feature class. The point feature classes, one for beginnings and one

75



for ends, are then processed with the geoprocessing tool Locate Features Along Routes. This tool assigns
the nearest route and measure to each point location. Multiple route and measure locations may be
returned for each point; one for every route within the search radius. These results must be joined back
to the input dataset so that the input routelD can be compared with the result set routelD. The
matching records contain the appropriate measure value for that location along the correct route. The
matching record must then be joined back to the original overlay output segment so the true beginning
and ending measures for that segment can be assigned. At this point, all of the input overlay events in
the dataset are merged into homogenous segments with beginning and ending measure values that
correspond to their true locations on the route network.

Value Translation and Assignment. Most of the values needed for segment traffic do not require
translation. Only a few select alterations are required prior to loading into SafetyAnalyst. The biggest
translation requirement revolves around the calendar year field, as this field should be populated for
each data record.

Each traffic segment must have the same segmentation as the roadway segment data. Therefore, the
roadway segment IDs must be assigned to each traffic segment in the event that these data were not
processed together. If traffic segments were prepared with the roadway segments, then an additional
step is required to extract the necessary information from roadway segment data to create the traffic
segment file containing only the necessary traffic data elements as defined in the crosswalk.

Note: It was found in the pilot project that all road segments require traffic values. If any roadway
segment does not have traffic values, then these values should be collected or estimated and then
assigned. Without a corresponding traffic record, SafetyAnalyst will not allow analysis of the roadway
segment.

Schema Cleanup and .txt File Generation. After all values have been assigned and translated, the
dataset must be cleaned of any non-SafetyAnalyst schema fields. The loading process for SafetyAnalyst
results in error if the input dataset contains extraneous or unexpected columns. Once the dataset is
cleaned and ready, the dataset can be exported to a .txt file for final preparation.

SafetyAnalyst expects the input data to be a .txt file that is comma delimited, with the first line being the
table name (i.e., altSegmentTraffic), the second line being the column headers, and each subsequent
line being the individual data records (Figure 11). It is very important that the table name and the
column headers exactly match the SafetyAnalyst schema, including capital and lower case letters.
SafetyAnalyst produces an error if the input data are not correctly formatted.
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altsegmentTraffic

agencyID,calendaryear ,aadtVPD,percentHeavyvVehicles, peakHour
4,2011,15000.00,10.00,1000.00,
5,2011,10639.00,10.00,2659.75,
6,2011,11703.00,10.00,2925.75,
7,2011,226888.00,10.00,56722.00,

8,2011,15000.00,10.00,1000. 00,

Figure 11. altSegmentTraffic Example

Note: SafetyAnalyst accepts other data loading methodologies that ADOT could explore.

Load SafetyAnalyst

Once all of the input data are prepared, the .txt files are ready to be loaded into SafetyAnalyst. The data
manager can use the Data Management tool within SafetyAnalyst to load data and perform the
necessary data processing.

To load data, a data repository (dataset) is required. The data manager can use an existing dataset or
choose to create a new one. It is recommended that a new dataset be created each time data are
loaded to eliminate the chance of duplicating records or causing corruption within the SafetyAnalyst
database. When the Data Management tool is opened, the user is immediately prompted to choose a
dataset or create a new one (Figure 12). It is recommended that on the initial load, the local Derby
database be used until the input data are clean of errors and warnings.

'8 AnSHTOWare Safaty Analyst Data Management Tool (4.3.1)
Fila Edit Halp

i ¢

Select a Data Set

Select a data et to process with the Data Management Tool:

@ To start the data management tool, select the row describing the data setto be processed, and press the Ok button at the bottom of the dialog.
@ To create a new daia set proffe, press the New button on the right of the tahle. This displays a dialog for specifying the data set name, title, etc.
& To edit or view an exasiing data set profiie, press the Edit button on the right of the table.

a Toremove a data set profe, press the Remove hutton on the right of the table.

a To start tha data mananamant tool without salacting a data <at nress the Caneel hittan at the hinftam nfthe dialnn

Data Set Profiles

Title Data Set State | Database Driver Last Update Comment ‘ & e
Firal Pilot Dataset Calibrated Embedded (JawaD...| May 19,2014 1:35:41 PM|Final Filot Dataset
Pilot_20140207 Calbrated Embedded (JavaD...| Spr 17, 2014 9:09:54 S
Pilct_201 40501 Post Processed Embedded (JawsD... hhay B, 2014 2:03:21 PM|S Years Crashes and Sosncy Sttributes
Plict_201406038_coliziont... |Calibreted Embedded (avsD.. | Jun 9, 2014 11:193:10 &k

+" Ok 3 cancel |

Figure 12. Data Management Tool — Select Data
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Once the dataset is created, it is available to be selected for further processing. The first process to be
performed is the Import process on the Import tab, as shown in Figure 13. The data manager adds the
.txt files generated in the preparation steps from the appropriate location, and then selects the Start
Import process. It is recommended that the logging level be set to High until the data manager becomes
comfortable with SafetyAnalyst and the input data. A thorough review of the import log is
recommended, as this log displays all of the errors and warnings generated during the import process.
Errors and warnings should be addressed (if necessary) before the postprocessing step begins. If errors
can be corrected in the input data, then the data manager should start the overall input process again
with the corrected data in a new dataset.

[ |4 AASHTOWare Safety Analyst Data Management Tool (4.3.1)
File Edit Help

Data Set Mame : Pllot_20140608_callisiontype... State : Calibrated

[ Data Set Attributes | Database Attributes [ Import_| Post Process | Calibrate | Implemented CM | Report | Export |

LastImport Jun 8, 2014 11:13 AM
Output Logaing Lewvel :|High |v|
Import Map
Selected Import Map : [Mone |v| | B Manage Import Maps... |
Import Files

Import File + add..
COProgram Files (x8610A8485HTOWare Safety AnalystdataatAccident_201 40608 txd
CProgram Files (86 10A8SHTOWare Safety AnalystdatalatRoadwaySegment _201 40207 fxt

CProgram Files (x8610A885HTOWare Safety AnalystdatalatSegment Traffic _201 40207 txt

@ Help...

[] Merge Import Data
(@ start | | Stop | | = show Log...

Figure 13. Data Management Tool — Import Data
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The second step in the SafetyAnalyst loading process is postprocessing. After import, the Post Process
tab is populated with some statistical information and user-configurable options. After reviewing this
information, the data manager can start the Post Process, as shown in Figure 14. It is recommended that
the logging level be set to High until the data manager becomes comfortable with SafetyAnalyst and the
input data. A thorough review of the Post Process log is recommended, as this log displays all of the
errors and warnings generated during the Post Process. Errors and warnings should be addressed (if
necessary) before the calibration step begins. If errors can be corrected in the input data, then the data
manager should start the overall input process again with the corrected data in a new dataset.

[ W AASHTOVVare Safety Analyst Data Management Tool (4.3.1) s @ R4
File Edit Help
#]e 5|

Data Set Name : Pllot_201406059_collisiontype... State : Calibrated
[ Data Set Attributes | Database Attributes | Import [ Post Process | Calibrate | Implemented CM | Report | Export |

Walidate Data Set Only [] LastPost Process : Jun 8, 2014 11:15 AM

Processing Stack Size (ME) : 4| Output Logging Level :|High [~]
Homogeneous Segment Agygregation

Aggregate Homogeneous Segments | ;/ Editiew Parameters.. |

Traffic Volume Years

Min Year Available 2011 Max Year Available 2011

hin Yearto Ee Processed : 2011 Max Yearto BEe Processed : 201 1|

Minirmurn Calculated Annual Traffic Growth (%) -20.00
Default Annual Traffic Growth (%) 4.00
Maximurm Calculated Annual Traffic Growth (%) @ 20.00

Accident Data Years
Min Year Available 2008 Max ear Available 2012
hin Yearto Be Processed :| 2008 Max Yearto Ee Processed :| 201 2|
© start | | B show Log... |

Figure 14. Data Management Tool — Post Process

Calibrating the postprocessed data is the third and final step in the loading process, as shown in

Figure 15. The data manager must calibrate the dataset before the dataset is analyzed in the Analytical
tool or distributed via the Administration tool. There are minimal calibration parameters to review or
verify before starting the calibration. It is recommended that the logging level be set to High until the
data manager becomes comfortable with SafetyAnalyst and the input data. A thorough review of the
Calibration log is recommended, as this log displays all of the errors and warnings generated during the
calibration process. Errors and warnings should be addressed (if necessary) before the analysis begins. If
errors can be corrected in the input data, then the data manager should start the overall input process
again with the corrected data in a new dataset.
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[ W AASHTOWare Safety Analyst Data Management Tool {4.3.1)
File Edit Help

7t @ []l

Data Set Name : Pllot_20140609_collisiontype.. State : Calibrated
[ Data Set Attributes | Database Attributes | Import | PostProcess | Calibrate | Implemented CM | Report | Export |
Last Calibration : Jun@ 2014 11:18 AM
Qutput Logoing Level :|Hi§|h |V|
M Editiew Parameters.. ﬁyiew Distributions. ..
@ start E show Log...
PO RSSO ST E TSR E ST P ST E PSS SO PSSP E ST DU OSSOSO ST SO SO SE SO DU U PSSP U PSR TP PSPPSR RIRROTURIO

Figure 15. Data Management Tool — Calibrate

After the calibration process, the dataset of imported data can be used in the Analysis tool and can be
distributed using the Administration tool.

Once the import data has been cleaned as much as possible to address various SafetyAnalyst errors and
warnings, the overall import, postprocessing, and calibration process should be run again, using the
identified SQL Server instance as the dataset location. This enables the enterprise-level distribution of
SafetyAnalyst data (without having to distribute the raw data with the SafetyAnalyst install file).

Create SafetyAnalyst Installer

The Administration tool is the application used to generate the SafetyAnalyst Installer file. To generate
an installer file, the data manager opens the Administration tool, navigates to the Create Installer tab,
and selects Create Installer. The data manager must identify the final calibrated dataset to be included
with the installer. The output of the create installer process is an executable file that is ready for
distribution.
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CHAPTER 8. FINAL RECOMMENDATIONS

For ADOT to deploy the AASHTOWare SafetyAnalyst software requires organizing existing crash,
roadway, and traffic volume databases into a large, very specific database that can then be imported
into SafetyAnalyst. Developing this database will require a team effort from the ITG, TSS, TEG, TRS, and
MPD units, as each group has specific expertise needed to organize the data, interpret the data, and
review and verify results. Dedicated staff time is needed to make sure the databases are properly
related, initial results are validated, and initial deployment is successful. Once the SafetyAnalyst model is
up and running, the combined team will need to review, update, and maintain the model periodically;
however, the frequency required will decrease to once or twice per year. At this point, the team’s effort
can focus on applying the model and training other staff to use it.

Implementing the software at ADOT is feasible and, once deployed, it will be a valuable tool for highway
safety improvement planning and safety project prioritizing. With improved analysis and prioritization
there is yet more potential for transportation safety projects to reduce fatalities and serious injuries on
Arizona roadways. Deploying the tool will require traffic safety, traffic engineering, and information
technology staff to work together to complete the data mapping of existing state data into the software
and validate the results. With a focused effort, it is estimated that the software’s first phase could be
deployed in six months to a year.

A phased implementation strategy for integrating SafetyAnalyst into standard practices at ADOT is
recommended, along with a technology strategy to support the software implementation. The following
implementation strategy is recommended for integrating the software into standard practices at ADOT:

e Assign staff roles and responsibilities. Major activities include creating a SafetyAnalyst Working
Group (SA Working Group) and identifying the Data Administrator (ITG staff) and Application
Administrator (ITG staff). The SA Working Group should be multidisciplinary and should consist
of champions and staff with specific responsibility from both ITG and the TSS, as well as other
business units such as the MPD and TEG. At a minimum, ITG and TSS staff should be involved on
an ongoing basis in order for the model to be successfully developed and deployed. In order to
achieve this ongoing commitment, ITG and TSS should consider and identify opportunities for
ongoing staff availability and funding stream. In addition to annual SafetyAnalyst licensing fees
(525,000 in 2015), there may be expenses associated with such items as data needs, training
and marketing, state or national travel for training, and user activities. ITG and TSS management
may consider including SafetyAnalyst deployment and integration as a performance measure in
annual performance responsibilities of staff on the SA Working Group.
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Develop the model. ADOT should address the identified data gaps by assigning actual values
and assumed data values so the analytical tool can process the data. From a development and
application perspective, it is recommended that ADOT start with the state network, and then
expand the model in phases to include additional roadways. The model should be developed
and deployed incrementally in the following order:

Phase 1: State roadway segments — SafetyAnalyst Modules 1 to 3.

Phase 2: State intersections — SafetyAnalyst Modules 1 to 3.

Phase 3: State ramp — SafetyAnalyst Modules 1 to 3.

Phase 4: All state roads — SafetyAnalyst Modules 1 to 4.

Phase 5: All public roads — SafetyAnalyst Modules 1 to 3 and finally Module 4.

O O O OO

Validate the model. ADOT TSS staff should lead the efforts to conduct a validation for each
phase and for the completed model to ensure that SafetyAnalyst is processing the input data
records correctly. This can be done by comparing the preprocessed and postprocessed data for
various descriptive elements, such as number of roadway segments, number of intersections,
number of ramps, and number of crashes by segment. Ensuring that all values in the database
are populated with a value will minimize the number of rejected data records.

Apply the model. This activity includes developing a phasing plan for model applications within
TSS, other units within ADOT, and, in the future, MPOs. The first three to five years of
development and deployment should focus on the roadway segment network screening
module. Until this module is well used within the DOT, the ADOT SA Working Group should
focus on enhancing the data associated with this module, demonstrating the value of the model
with ADOT-specific case studies, and providing training for staff. SafetyAnalyst also will be an
excellent resource for the HSIP process. Over time, as TSS staff gain experience with the model,
they should strive to identify additional users in the following order: other central office staff,
district office staff, and MPOs. The research study recommends a phased approach for
deploying the remaining modules.

Develop marketing and training programs. Throughout the development and deployment of
each phase of the model, ADOT TSS staff will be responsible for training ADOT staff on the
appropriate use of the SafetyAnalyst tool. In some cases, the training will be limited to teaching
users how to interpret and apply the outputs from SafetyAnalyst. In other cases, TSS will teach
users how to use the software and how to interpret and apply the results. The training plan
should be phased in according to the modules being applied and the business units potentially
applying the model. As part of this program, ADOT should consider the need for training ADOT
staff on how to teach SafetyAnalyst to others.

Develop deployment plans for each additional phase of the model. Even as Phase 1 of the
model has been developed and early application and deployment is underway, the SA Working
Group should begin to develop a plan for enhancing the Phase 1 model or beginning
development of the Phase 2 model. Enhancements will come in the form of addressing the data,
application, database, or hardware gaps. Selecting the gap to address will, of course, be directly
related to the extent to which the model is integrated into the HSIP process and the state
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project development process. As more state and MPO users take advantage of the model, more

needs will arise related to enhancing the model and training non-ADOT staff and consultants on

the appropriate use of SafetyAnalyst.

The following technology strategy is recommended to support implementing the software and

populating the SafetyAnalyst database for distribution and use.

¢ Implement the enterprise deployment of SafetyAnalyst. The ideal condition for SafetyAnalyst

at ADOT is to use an enterprise environment for data storage and distribution. This distribution

model will use Microsoft SQL Server for centralized storage and dissemination of calibrated

SafetyAnalyst data. Compared to the stand-alone configuration, this option will reduce the risk

of outdated data and eliminate multiple data copies across the network.

e Populate the SafetyAnalyst database for distribution and use. ADOT would need to perform

the following activities to successfully implement an enterprise SafetyAnalyst deployment and

populate the SafetyAnalyst database for distribution and use:

(0]

Develop conceptual design. ADOT should develop the conceptual design for the three
software tools (Administration, Data Management, and Analytical) and two core
databases (System Data and Calibrated Distribution Data) of SafetyAnalyst.

Identify software/hardware locations. ADOT ITG should identify and establish a
permanent location for the Administration Tool, the Data Management Tool, a Derby
data preparation database (preprocessing), and a SQL Server database for distribution.
Develop SafetyAnalyst data model and data import schema. ADOT should develop the
SafetyAnalyst data model and data import schema for roadway, crash records, and
traffic data.

Data maintenance/update (initial creation). ADOT should use the local Derby database
for initial data creation procedures to minimize connectivity and application-related
errors during the loading process. Once the data are error free, it should be loaded into
SQL Server for distribution. Any agency overrides should be altered or created in the
Administration Tool prior to creating and loading the import files. SafetyAnalyst uses
tabular data to reference and analyze roads, crashes, traffic, and countermeasures.
Therefore, all data must have a common and standard location reference for each data
element. GIS and LRS are recommended for generating this commonality. For future
maintenance/updates, the SafetyAnalyst data refresh cycle should coincide with the
publication of ADOT MPD GIS data reports for the prior year, including the HPMS,
Certified Public Mileage, State Highway System Log, and others.

Preparation of roadway, crash record, and segment traffic data. The pilot project found
that a null or blank value always resulted in SafetyAnalyst’s rejecting the data record.
Although “unknown” values are acceptable for data loading, a record with an
“unknown” value is likely to be rejected by SafetyAnalyst during postprocessing and will
not be available for analysis. Therefore, any “unknown” values should be replaced with
an educated guess or best judgment based upon ADOT standards. These judgments can
be recorded and subsequently refined as resources become available.
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SafetyAnalyst Loading. Once all of the input data are prepared, the .txt files are ready to
be loaded into SafetyAnalyst. The data manager can use the Data Management tool
within SafetyAnalyst to load data and perform the necessary data processing.
SafetyAnalyst Installer. The output of the Create Installer process is an executable file
that is ready for distribution.

e IT Enhancements. The research project identified two specific IT-based enhancements that

would bring added value to ADOT if implemented:

(0]

ETL scripts. The overall data preparation and conversion process is tedious, time-
consuming, and prone to errors and/or inconsistencies in methodologies. Therefore,
ADOT should invest in the automation of the data preparation steps to reduce this risk.
Additionally, as SafetyAnalyst data are updated for each distribution, numerous data
preparation cycles may be required before a clean import process (error free) can be
completed. An automated data preparation script would greatly enhance ADOT’s ability
to quickly identify and correct errors and try importing data again. All of the processes
used in the data preparation are tools that can be linked together to assist in the
generation of the import files; therefore, the level of effort required to create an
automated process is likely to be well worthwhile if it saves subsequent efforts to
generate two or three cycles of import data.

GIS interface to import data. SafetyAnalyst uses tabular data to analyze specific
locations and segments; therefore, the outputs and analysis results are tabular as well.
The pilot process quickly identified the potential benefit of being able to see the data
inputs and analysis results on a map when trying to identify what is happening at a
particular location or why a certain result is occurring. This could easily be achieved by
spatially enabling the import files with the LRS and providing this map to users. The
import files have a route and measure associated that is referenced to the GIS;
therefore, a map display would be relatively easy to provide.
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APPENDIX A. SITE VISIT AGENDA

8:15 Gather, Introductions, Get Settled
8:30 The SafetyAnalyst Story at the DOT
e Why SafetyAnalyst was selected
e Implementation — when did it start, how long did it take to implement
e How SafetyAnalyst is being used now
e Pros/Cons
e Demonstration
9:00 How the DOT is Using SafetyAnalyst (Detailed Discussion)
e  What steps in the Roadway Safety Management Process is the DOT using?
e Are all SafetyAnalyst modules being used?
e To what degree is SafetyAnalyst fully integrated into the project development process (project
identification, prioritization, scoping, design, construction/system modification, safety
performance evaluation)?
e Hasthe DOT developed any new applications of SafetyAnalyst? What roadway types does the DOT
use in SafetyAnalyst? All roadways, or was there a phased implementation?
e Hasthe DOT evaluated or validated SafetyAnalyst results in any way?
e  What would the DOT have done differently in implementing SafetyAnalyst?
10:00 : Break
10:15 :Implementing SA — Data
e Enterprise or stand-alone Implementation?
e s the DOT using the complete data schema or just a subset?
e  What was the level of effort required to populate the SA schema? What was the condition of the
GIS/source data?
e Any custom Data or Tool developments to assist with the handling or manipulation of SA data?
10:45 : Implementing SA — Data Schema Specifics/Details
e Roadway Segment Configuration
e Crash Location, Association and Relationship
e Intersection Relationships and designation related to road segments and crashes
: . e SAattribute code designations vs. source data code designations — Difficulties, Problems, Lessons? :
111:15  Implementing SA - Data Integration/Data Warehouse '
e Did the DOT develop ETL scripts to automate the population of the SA schema?
e Isthe SA schema “integrated” with any enterprise resources (GIS, Data Warehouse, Crash
: Database)?
' Noon “Lunch
1:00 Implementing SA — IT Needs
e End-User workstation specifications

e Database server specifications (if applicable)

e Any network/server/workstation load problems or issues?

e Any Custom Tools or Processes utilized? Any Suggested/Needed?

e Isthe DOT using a complex security/credential scheme or is SA open to all, limited to specific
group, etc.?

e Any issues using a JAVA database or Apache Derby? Or is the DOT using Oracle/SQL Server/other?

e Has SafetyAnalyst been updated since initial implementation? What maintenance and update
procedures have been implemented?
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Time  Topic

2:00 Implementing SA — Staffing and organizational requirements

e  What institutional structure was used? Was the model implemented within the IT group or Safety
Group? Is it a central office function or are regions using it? How many people are using
SafetyAnalyst?

e Training needs — Who was trained (technical staff, executive management)? How trained? How did
the DOT institutionalize the application of SafetyAnalyst?

e  What were the costs associated with deploying SafetyAnalyst (e.g., staff time, licensing, material

. costs, etc)? What type of fundingwasused?>

3:00 Lessons Learned (Arizona DOT to attend via phone)

e  What worked well? What didn’t? What would the DOT have done differently?

e Institutional lessons learned as they relate to ADOT’s needs and data requirements.
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APPENDIX B. OHIO DOT PRESENTATION MATERIALS

@ OHIO DEPARTMENT OF TRANSPORTATION ]

JoHN R. KAsICH, GOVERNOR JERRY WRAY, DIRECTOR

Safety Analyst Briefing Session

AASHTOWare

Safety 44,

Analyst

Columbus, Ohio

| February 28" and March 1st |

Why SafetyAnalyst was selected

@ Improve location identification based on HSM
Methodology

@ Use a statistical approach for safety
® Versatility within the program

© Customizable

© Crash Data

©® Site Types

@ Performing multiple analysis runs based individual users needs
® Replace legacy systems housed on Mainframe

@ Safety Analyst Story at Ohio DOT 2
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Implementation
© ODOT began working with the program in December
2007

© Worked with ITT and MRI to make enhancements to
the beta version of Safety Analyst

© Developed the Priority Lists and Methodology for the
2011 HSIP Program

@ First Published list was created in July 2011

@ Safety Analyst Story at Ohio DOT 3

How SafetyAnalyst is being used

' Priority Location Identification
© Countermeasure evaluation

@ Some districts have used the diagnosis and
countermeasure selection module

@ Safety Analyst Story at Ohio DOT 4
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SafetyAnalyst Pros/Cons

Pros:

@ Studying fewer locations with more crashes at higher
severity rates

©® Customization of screening

© Adds in implementing the highway safety manual
across the department

© Strong Program Support with ITT and MRI

Cons:

® Data intensive

© Unfamiliarity with the tool

© HSM Methodology is difficultto explain to the public

@ Safety Analyst Story at Ohio DOT 5

SafetyAnalyst Demonstration

© Demonstration

@ Safety Analyst Story at Ohio DOT 6
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Roadway Safety Management Process

© What steps in the Roadway Safety Management
Process is ODOT using?
© Network Screening
@ Diagnosis
@ Select Countermeasure
© Safety Effectiveness Evaluation

@ How Ohio DOT is Using SafetyAnalyst 7

SafetyAnalyst modules

Is ODOT using all SafetyAnalyst modules?

@ Module 1: Network Screening
©® Module 2 : Diagnosis and Countermeasure Selection*
© Module 4: Safety Effectiveness Evaluation

*Some Districts have been using this to see if there are
some different recommendations that they haven’t
considered.

@ How Ohio DOT is Using SafetyAnalyst 8
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Safety Analyst Integration

To what degree is SafetyAnalyst fully integrated into the project
development process (project identification, prioritization,
scoping, design, construction/system modification, safety
performance evaluation)?

© Project Identification —
@ Prioritization —

@ Yes since July of 2011
© Scoping —
@ Design—

& Starting in July 2013 we will use Safety Analyst as a preliminary requirement
that identifies if a Design Exception will be required for safety

© Construction/System Modification —

© Safety Performance Evaluation —
© We have began importing systematic projects into the tool
© Working on adding all safety projects

@ How Ohio DOT is Using SafetyAnalyst 9

New Applications of SafetyAnalyst

© Has ODOT come up with any new applications of
Safety Analyst?
© Used in the Long Range Plan to project crashes into the future

based on roadway type and future AADT

© What roadway types does ODOT use in
SafetyAnalyst? All roadways, or was there a phased
implementation?
© State System Route

@ Currently do not have Ramp segments loaded
@ We use an interchange site type

® Working on including the local system

@ How Ohio DOT is Using SafetyAnalyst 10
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Evaluated or Validated SafetyAnalyst

© Has ODOT evaluated or validated SafetyAnalyst
results in any way?

@ Verified the results against hand calculations for predicted number
of crashes

@ Comparison against historical priority location methodology
© Several comparisons between the results and emphasis areas

@ How Ohio DOT is Using SafetyAnalyst 11

Implementation Changes

© What would ODOT have done differently in
implementing SafetyAnalyst?

© We have found a few of our assumptions were incorrect.

© Four approach intersection when it really was only 3 because of one-way
streets

© Made some assumptions about all way vs. two-way stop controlled.

@ How Ohio DOT is Using SafetyAnalyst 12
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Enterprise Implementation

@ Enterprise or Stand-alone Implementation?

© Central Office Safety Staff uses a Derby installation
© Use derby for testing and troubleshooting
© Central office is aware of updates to SA and know to install a new derby client
@ |t is much faster
© Use the Derby database to run statewide priority lists

© Enterprise Distribution
@ All District Safety staff and Central Office Staff not in safety have this
installation

@ Implementing SA — Data 13

Safety Analyst Data Schema

© Is ODOT using the complete SA data schema or justa
subset?
© We enterall required attributes
@ Do not import intersection leg and ramp tables

@ Implementing SA — Data 14
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Data Population

© What was the level of effort required to populate the
SA schema? What was the condition of the
GIS/source data?

© Effort was focused on data translations and collection of additional
attributes

© Everything is linked by our linear referencing system

@ Implementing SA — Data 15

Custom Data and Tools Used

© Any custom Data or Tool developments to assist with
the handling or manipulation of SA data? Does
ODOT have a GIS interface for SA or SA data?
© Spreadsheet evaluation tool for processed data

© Worked to get the CSV reports customized so they are compatible
with GIS mapping services

@ Implementing SA — Data 16
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Roadway Segment Configuration

© See Spreadsheet

@ Implementing SA — Data Schema Specifics/Details 17

Linking Crashes and Road Inv

©® Crash Location, Association and Relationship
@ Ifa crashis logged, a LRS point is assign to the crash.

© Crashes are brought forward each year to the official road
inventory when updated

© Easily link crashes to road inventory

@ Implementing SA — Data Schema Specifics/Details 18
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Intersection Crash Assignment

© Intersection Relationships and designation related to
road segments and crashes

@ Intersections are currently includes all routes that intersect a state
route

@ We use segment AADT and thru lanes as part of the intersection
attribute assignment

@ Implementing SA — Data Schema Specifics/Details 19

Code Designations

© SA attribute code designations vs. source data code
designations — Difficulties, Problems, Lessons?

@ Tool can manage either SA values or user specified

© Dbto Db SA can translate the values from source to SA
designated

@ Implementing SA — Data Schema Specifics/Details 20

98



Populating SA Schema

© Did ODOT develop ETL scripts to automate the
population of the SA schema?
® Yes, currently on Mainframe
@ Being updated on Oracle

@ Implementing SA — Data Integration/Data Warehouse 21

Populating SA Schema

©® Is the SA schema “integrated” with any enterprise
resources (GIS, Data Warehouse, Crash Database)?

@ Not at this point
©® Use CSV files exclusively
© Import data will be available in Oracle

@ Implementing SA — Data Integration/Data Warehouse 22
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End-User workstation specs

© End-User workstation specifications

© Central Office Staff

® Windows 7 — 64 bit OS; Intel i7 - Quad Core; 16.0GB RAM
@ District Safety Engineers

© Windows 7 — 64 bit OS; Intel i7 - Quad Core; 4.0GB RAM

@ Implementing SA — IT Needs 23

Database Server Specs

© Database server specifications

© Oracle 11g

@ Implementing SA — IT Needs 24
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Load Problems or Issues

@ Any network/server/workstation load problems or
issues?

© Use Derby Database to load into Oracle tables directly.

© Post processing in Oracle database is time consuming.

@ Implementing SA — IT Needs 25

Custom Tools or Processes

© Any Custom Tools or Processes utilized? Any
Suggested/Needed?

@ Excel analysis

@ GIS analysis

@ Db Visualizer

©® Maybe because we use CSV exclusively to import data

@ Implementing SA — IT Needs 26
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Security Scheme

© Is ODOT using a complex security/credential scheme
or is SA open to all, limited to specific group, etc?

® Only write access to countermeasure tables

© Enterprise distribution
©® Open to all who have the client installed

@ Implementing SA — IT Needs 27

Issues using different database types

© Any issues using a JAVA database or Apache Derby?
Or is ODOT using Oracle/SQL Server/other?

© We use both Apache Derby and Oracle

@ Implementing SA — IT Needs 28
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Safety Analyst Update Cycle

© Has SafetyAnalyst been updated since initial
implementation? What maintenance and update
procedures have been implemented?

Software is updated as the problem reports are
addressed. There are nightly build and stable build
releases

® The enterprise install is created twice a year
© We use the latest Safety Analyst Stable build that is available

@ Triggers to update the enterprise install are annual road inventory
updates and annual crash close out.

@ Implementing SA — IT Needs 29

Implementation Team

© What institutional structure was used? Was the
model implemented within the IT group or Safety
Group? Is it a central office function or are regions
using it? How many people are using SafetyAnalyst?
@ It was initiated by the Safety group but obtained IT support

@ It is maintained by central office and district offices use it for local
screenings and evaluations

© Mainly screenings and countermeasure evaluations

© Have used it for diagnosis and countermeasure selection in some
districts

@ End-User workstation specifications 30
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Safety Analyst Training

© Who was Trained?
© Central office and District Safety Engineers
How Trained?
© FHWA MRI ITT
© Traveled to Columbus
© Bi-Weekly Webinars for data and for application
How did ODOT institutionalize the application of
SafetyAnalyst?
© Central Priority Lists

@ Support for District Engineers for site subtype and/or crash type
analyses

@ End-User workstation specifications 31

Deployment Costs

© What were the costs associated with deploying
SafetyAnalyst (e.g., staff time, licensing, material
costs, etc.)? What type of funding was used?

Cost Associated with Deployment:

® Licensing amount changes annually.
@ Currently, $35,000

©® ODOT staffis used to create and maintain data systems and
software testing

© No separate material costs
® |IT funds license

@ End-User workstation specifications 32
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Lessons Learned

© What worked well? What didn’t? What would ODOT
have done differently?

@ Institutional lessons learned as they relate to ADOT’s
needs and data requirements.

@ Lessons Learned 33

Questions?

Derek.Troyer@dot.state.oh.us
ODOT - Systems Planning & Program Management

Lavanya.Sugumar@dot.state.oh.us
ODOT - Department of Information Technology

N
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@ OHIO DEPARTMENT OF TRANSPORTATION ]

JoHN R. KAsicH, GOVERNOR JERRY WRAY, DIRECTOR

Safety Analyst Briefing Session

AASHTOWare

Safety” 44

Analyst

Columbus, Ohio

| February 28t and March 1st |

Why SafetyAnalyst was selected

© Improve location identification based on HSM
Methodology
@ Use a statistical approach for safety
© Versatility within the program
© Customizable
© Crash Data
©® Site Types
©® Performing multiple analysis runs based individual users needs
' Replace legacy systems housed on Mainframe

@ Safety Analyst Story at Ohio DOT 2
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Ohio Statistics -

2011: safest year on record
for Ohio’s roadways

4t |argest interstate
system with 6,700 lane
miles

Single day’s drive from 60%
of U.S. population

7th largest state highway
network

Ohio is a “Home-Rule”

ATLANTIC
State

OCEAN

Lane-Miles

B Interstate Route

W US Route

¥ State Route

B County Road

= Township Road
¥ Municipal Route

~ Ohio’s Total Centerline Mileage > 120,000 (all roads)
~ Ohio’s State System Centerline Mileage > 19,000 (IR, US, SR)

4 Ohio's State System Lane Miles > 49,000 (IR, US, SR)
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AASHTOWare

Safety” 4

Analyst
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Highway Safety Asset Management

Barrier Inventory - Proof of Concept

Transit

SafetyAnalyst Flement Requirements

Required during data import
Required during data import
Re quired during data import

Sa fe tyAnalyst Segment ;.Eng(h Re quired for post processing

Rosdway Class Level 1 Required for post-processing site subtype assignment

- Median Type Level 1 Required for post-processing site subtype assignment
Req u,red [Access Control Required for post-p ing site subtype assi
Two-Way vs. One-Way Operation Required for post-processing site subtype assignment
Interchange Influence Area on Mainline Freeway |Required for postpr ing site subtype assigr
E’em ents Route Type Required during data impart
Required during data impart
Re quired for post-processing site subtype assisnment

Required during data import
Re quired during data impart
Number of Through Lanes Required for post processing site subtype assignment
Year Re quired during data import
AADT Required dunng data import
Intersection ID Re quired during data import
Location Required during data import

Intersection Type Level 1 Re quired for post-processing site subtype assignment
Traffic Control Type at Interseciion Re guired for post-processing site subtype assignment

Re quired during data import
Re quired duning data import

- Startwith what you need

Required during data import
Required during data import
Re quired during data import
Required for post-p ing site subtype

Re quired for post-processing site subtype assignment
Required during data import
Re quired during data import
Re quired during data import

Re quired during data import
Re quired dunng data import
Accident Severity Level 1 Re quired during data import
Number of Fatlities Required during data import
Number of Non-Fatal Injuries Re quired during data import
Relationship to Junction Required during data import
‘Accident Type and Menner of Collizion. Re quired during data import

Mumber of Vehicles Involved Required during data import.
Initial Direction of Travel Re quired during data import
Vehide Maneuver/Action Re quired during data import
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SafetyAnalyst Development

o Additional Crash Data Screening Elements (Customizable)

+ The Following ltems Added to the Data to Perform Network Screening:
School Bus Related
Work Zone Related
Alcohol Related
Drug Related
Deer Related
Motorcycle Related
Speed Related
Commercial Motor Vehicle Related
Youth Related (16-25)
Senior Related (>64)
Pedesinan Related
Bicycle Related
Road Contour (Curve, Grade)
School Zone Related
No Restraint Used
Red Light Running

-Then add whatyou want

o Additional Site Subtype Development
= Interchanges (Including Ramps)
+ Parking Sections
¢ Interchange Influence Areas

S

Software for

alyst

Highway Safety Management.
TR

& safetyAnalyst Dala Management Tool (4.0.10) ~

500

IJi==
Homogeneous Segment A e
Match lems: | [Percent = 1
—
& [} Auxiiary Lane Type and Count by Direction Average Anausl Traffic Volume (%) : 2000 |
8 400 L Baeway -
?; 'j ChTown Driveway Densty (%) | s.00)
3 IZ] comider
‘5 [ County L
H o ~Absoiute Thresholds -i
- = [ 1l
E 300 [ Jurisdietion Median Width (1) ;| 1.00| |
= 1] Major Road Name i
[¥i Median Type Level 1 Posted Speed (mon) : | 5|
[¥] Number of Through Lanes - Combined -
[¥] Number of Through Lanes - Each Direction Average Lane Width (1) | 100
200 [# Roadway Class Level 1 L L
LI Shoulder Type - lnside Averape Shoukder Width (1) | 1.00
[_| Shouker Type - Outside
[ Temain _
em Reset [ Hem Help... | [ weshoumeset | | Twesnouben. |
100 = '
[

Segment Length
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Site Subtype
Analysis

Listing of SA Site
Subtypes

Count of the
L ocations in each
Site Subtype

Sum of the Length of
the Roadway Network
if a Segment

Count of the Crashes
by Site Subtype

Crashes per
Intersection or Mile
by Site Sublype

Number of Sum of
Locations Length

: 3-leg all-way STOP
-leg minor-rd STOP

: 3-leg signalized

, 4-leg all-way STOP
-leg minor-rd STOP
-leg

3-leg ali-way STOP
; 3-leg minor-rd STOP

Number of Crashes
Per Intersection

Number of
Crashes

3-leg signalized
: 4-leg all-way STOP
: 4-leg minor-rd 5TOP

Int/Urb, 4-leg signalized
Rural Interchang

or Mile

Seg/Rur; Fwy in intchng area (41n)
Seg/Rur; Fwy in intchng area (6+ In]
Seg/Rur; Multilane divided

Seg/Rur; Multilane undivided

Seg/Urb; 2-lane arterial

Seg/Urb; Fwy (4 In)

Seg/Urb; Fwy (6 In)
Seg/Urb: Fwy {8+ In)
Seg/Urb; Fwy in intehng area (4 In}

Seg/Urb, Fw intchng area (6 In)

Seg/Urb; Fwy in intchng area (8« In)

Seg/Urb: Multilane divided

Seg/Urb; Multilane undivided

Se/Urb. One-way arterial

Segment rural 1 lane

Segment rural Traffic circle

Urban 3 Leg Intersection; No Traffic Control

Urban 4 Leg Intersection; No Traffic Control

Urban Interchane

Urban Interchange Stop Controlied

Urban Intersaction, Greater Than 4 Legs
Urban Traffic Circle/Roundabout
Grand Total

‘executing the basic o

Enter Basic/Peak Scroening Paramaters

Thiz panel contamns the rst level of mputs for

Select Accident Type and Mannes of Collision Values

1,606,503

Safety

Analyst

The type ol st harml event in 2 [ccidant Typs and Manner of Colision Catagories :

1. Network Screening Report

Tab 1. Basie Wetwarn

SinTyse  SuSebtpe  Gounty Foute | (oo o
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Countermeasure Evaluation Tool

2. CM(s): [Install LED flashing stop sign (a0)] Evaluation

Table 1. Overall Effectiveness

Evaluation Type: Countermessure: Percant Changs in Accident Fequsncy . Severtylevet  ToTA
i Percent Change in Accident Frequency |
| Colision with parked motor vehicle; Colision with rairoad
Site Sublype: train; Collision with bicyclist, Colision with pedestrian;
InVRur, 4-leg minor-rd STOP Collision with animal, Colision with fixed object, Colision

g with other object, Other single-vehicle colision; Overturn;
m: m :‘m‘-’“ o ésﬁ'i:?:: Type md Manner.cf Fire or explosion; Other single-vehicle non-colision, Rear-end,
(Average Years in BEFORE Period: 6.3 Head-on; Rear-to-rear; Angle; Skleswipe, same direction;
Average Years in AFTER Period: 27 Sideswipe,

opposite direction; Other multiple-vehicle colision; Unknown;
Multiple Vehicle Non-Collision; Backing; Left Turn

Effectiveness (Odds Ratio) [ 0.8882 |
Effectiveness (% Change) | -11.182 |
Direction of Change Decrease |
Variance (Theta) | 0.017 |
Standard Error (Theta) I 0128
Standard Error (E} [ 12.926 |
Test Statistic [ 0885 |
HNot significant |

Significance 8t 90% confidence |
level |
|

(Countermeasures:
install LED flashing slop sign (a0)

Table 2. Evaluation with Empldeal sm-wumcmsr [install LED ashing stop alp{aﬂ)].Tﬂll-luhlnll

DOSSE4951005555015 |Route US 40R, County MAD, Miepost 15.18 450 10.5583 | 40.7234 16.4172 12182 21.8235 | -T6.1582
001555617011484729 [Route SR T20R, Caunty CLL Miepost 2.33 340 1.8047 | 197245 52038 0.7887 -23.1328| 188310
001££8524001555055 [Route SR 73R, County CLL Miepost 268 20 X8| TN T.1084 0.4220 -5T.T984 | 134 3962
001422606011457800 |Route SR 32R, County CLE, Miepost 14.52 290 SAMS| 238888 166583 05006 98441 310898
0O0ESF19801 1269958 |Aovte SR I2R. County BRO, Miepost 11,94 320 85520 Ieem2 108431 | 07378 -26.2207 | 704784

Tota! 38772

Countermeasure Evaluation Tool

2. CM(s): [Install LED flashing stop sign (a0)] Evaluation

Table 1. Overall Effectiveness

Evatoation Type: Countermeasiute: Peccent Changs in Accidet Freausncy . Severitylevet  ToTAL

| Percent Change in Accident Frequency |

Collision with parked motor vehicle; Collision with radroad
Site Sublype: train; Collision with bicyciist; Colision with pedestrian;
iIntRur. 4-leg minor-rd STOP Collision with animal, Colision with ficed object, Colision
Mumb < with other object; Other single-vehicle colision; Overturn;
m: &: :Imm e :;‘c“::le:r: Typeand Manner of Fire or explosion; Other single-vehicle non-colision; Rear-end;
| Average Years in BEFORE Period: 5.3 Head-on; Rear-to-rear; Angle; Sideswipe, same direction;
[Average Years in AFTER Period: 2 7 Sideswipe,

[Countermeasures:
[install LED Rashing stop sign (ad)

opposite direction; Other multiple-vehicie colision; Unknown;

Multiple Vehicle Non-Colision; Backing; Left Turn |
[Effectiveness (Odds Ratio) [ 0.8882
Effectiveness (% Change) | 1482 |
IDirection of Change | Decrease
Variance (Theta) | 0.017 |
Standard Error (Theta) I 0128
Standard Error (E) | 12.826
[Test statistic ll 0.865 |

Not significant
Significance at 90% confidence |
| level

Table 2. Evaluation with Empirical Bayes Approach, CM{s): [nstall LED flashing stop sign (a0]], Total Accidents
QOSE84551005525018 Route US 40R, County MAD, Miepost 15,18 105583 184172 12182 218235 | 781592
00155€917011484729 Route SR 7290, County CLL Miepost 233 40 1.8047 52038 0.7687 -23.1328| 188810
$91546524001555064 [Route SR 73R, County CLL Miepost 266 20 5383 71084 0.4220 577984 | 134 3982
Q01422605011457200 MSRJMIZDHHNEL[ Miepost 14 52 150 5l?i5 16,6563 m 99441 210898

000£23195011265554 (Reute SR 32R. County BRO. Miepost 11.94 80 69520 | 10,8431 07378 262207 | 704764
Total w72
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Crash Totals By Functional Class

Functionz

Principal Arterial - Interstate (Rural)
Principal Arterial - Other (Rural)
Minor Arterial (Rural)

Major Collector (Rural)

Minor Collector (Rural)

Local (Rural)

Principal Arterial - Interstate (Urban)
Prin. Art. - Other Frwy + Expwy (Urban)
Principal Arterial - Other (Urban)
Minor Arterial (Urban)

Collector (Urban)

Local {Urban)

28.0%|
28.0%|
44.0%|

Total

46,850
52,474
5,624]
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Evaluation Possibilities Are Endless

nees

g

g 8

==t=Formal

mggm

e Abbreviated

Number of Studies
8

==s=Total Studies

g

o

2003 2004 2005 2006 2007 2008 2009 2010 2011
Year

Centerline Miles Studied by Year

* Reduced the number of
manual safety studies
performed from 600 to 300

—

Number of Miles Studied

Greatly increased the
identification of sites with
highest potential for
safety improvement
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SA Safety Study Location Effectiveness
SA Implemented in 2010
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Key Elements to Consider/ Challenges To Overcome

Support from management, IT, data providers, and users
Inventories (intersections, segments, ramps, volumes, etc.)

© Managed by different groups

© Different levels of accuracy and completeness

Buy-Infrom users that HSM/SA is better than old methodology

© Just as good won't cut it...why change if not better

Annual perpetuation of the road inventory, crash data, and volumes
® Historical years data must be conflated to the “current” system inventory

Data preparation for HSM / SA is an iterative process between ITand the
business unit
© Road inventory anomalies (due to data errors)

y Crash data questions (intersection related coded by officers or spatial buffer)

i Remove animal crashes from analysis or not

' Data managed by different offices

' Help determine where data needs were lacking and prioritize their collection

N
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Key Elements to Consider/ Challenges To Overcome

Support from management, IT, data providers, and users

Buy-Infrom users that SA is better than old methodology

© Just as good won't cut it...why change if not better

Securing stable funding source for continued use

© SA must be integrated into core business to justify software
Inventories (intersections, segments, ramps, volumes, etc.)

© Managed by different groups

© Different levels of accuracy and completeness

Translating existing state’s crash data and inventory data into SA required
codes

Ensuring adequate computer hardware and software is utilized (adequate
Ram & 64 Bit 0S)

Educating both users of the software as well as users of the outputs of
the software

© Utilizes HSM state-of-the-art statistical methods

e

Key Elements to Consider (Continued)

Annual perpetuation of the road inventory, crash data, and volumes
© Historical years data must be conflated to the “current” system inventory

Data preparation for SA is an iterative process between IT and the
business unit

@ Road inventory anomalies (due to data errors)

@ Crash data questions (intersection related coded by officers or spatial buffer)

® Remove animal crashes from analysis or not

Determining the optimal solution for allowing district users access to the software
— critical to consider for routine sofiware updates

@ Local Derby database install (single instance)

© Network drive install with Oracle database on back-end (shared instance)
Substantial amount of implementation information on Wiki and other or-ine
documentation

N
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SafetyAnalyst Benefits

Improved our data collection processes and helped with
needs assessment

Help prioritize elements for asset management and road
inventory

Help identify site subtypes and flag locations where errors
or datais missing and needs cleaned up

Gives the districts the ability to run specialized and localized
network screenings and site priority lists on an ad hoc basis

Can view and extract all of the data used to identify and
prioritize locations (crashes, volume, and inventory data)

e

SafetyAnalyst Benefits (Continued)

© Vastarray of analysis options and software capabilities

© Able to retire legacy analysis tools and antiquated
technology (mainframe)

Input implemented countermeasures (systematic/project)
and evaluate the effects on highway safety — develop CMFs

Further Ohio’s efforts in the implementation of the HSM

| won'tsay the hardeststepis the firstone....but it will be
the mostimportantone! Good Luck.

N
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Summary
Thoughts

* Integrate safety into all
aspects of the department

Ensure asset management
collection efforts are
prioritized and input is
obtained from all affected
stakeholders in the
organization

Implement improvements to
data elements through an
incremental and iterative
process - with the goal of
continuous improvement

In the End - Organize the Chaos

- Turn thoughts and concepts into documented, repeatable, automated processes

Improved

| Safety

| Decisions & |
Projects

/ Crash Data

Road
Inventory
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Questions?

Derek.Troyer@dot.state.oh.us
ODOT - Systems Planning & Program Management

Lavanya.Sugumar@dot.state.oh.us
ODOT - Department of Information Technology

e
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APPENDIX C. ADOT STAFF INTERVIEWS

Interviewees

e Multimodal Planning Division (MPD) — James Meyer, Keith Killough
e Information Technology Group (ITG) — Haleh Farhadi, Traci Dennis, Jeff Wilkerson,

Banchana Pandey

e Transportation Safety Section (TSS) — Mark Poppe, Kohinoor Kar, Pradeep Tiwari, Larry Talley

Interview Guide

Topic Facilitator

GIS Data

Roadway Geometry

0 Segments/Routes

0 Intersections

O Ramps

Data Coverage (All Roads/State System)
Data Attributes

0 Traffic Volume

0 Road Characteristics

0 Turning/Movement

0 Influence Areas

Any Known Accuracy Issues?
Any Known Data Gaps?
Publication Schedule

David Ward

IT/AIDW

Roadway Geometry

O Segments/Routes

0 Intersections

O Ramps

Data Coverage (All Roads/State System)
Data Attributes

0 Traffic Volume David Ward
O Road Characteristics

0 Turning/Movement

0 Influence Areas

Any Known Accuracy Issues?

Any Known Data Gaps?

Crash/Safety Data Mart

SafetyAnalyst Data/Application Support
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Topic

Facilitator

Traffic Safety

Desired Application of SafetyAnalyst

0 All Modules?

0 “AllRoads”?

0 Safety Programming or All Projects?
0 Overlap with HSM Implementation Goals
Intended User of SafetyAnalyst

Data Attributes

0 Traffic Volume

0 Road Characteristics

0 Turning/Movement

0 Influence Areas

Any Known Accuracy Issues?

Any Known Data Gaps?

Crash/Safety Data Mart

Beth Wemple
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