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ABSTRACT

This guidance provides a working framework to support an agency or traffic incident management (TIM)
program in understanding TIM performance measurement and in establishing a TIM performance
measurement database. The guidance provides consistent definitions, data sources, example reports
and data visualizations; discusses common challenges; and presents key points for success. In addition,
the guidance contains an example reference TIM performance measurement database schema, data
elements, data dictionary, database scripts, database queries, and detailed example applications of the
database. The model TIM performance measurements database is intended to be downloaded, applied
to a database software package, and used as a starting point for a TIM performance measurement
database or as supplemental/supporting information to an existing database. An additional and
complementary deliverable of this project is a web-based version of the guidance, which can be found
via the TIM Network website (timnetwork.org). All necessary database scripts are contained in this
written document; however, to aid in the creation of a TIM performance measurement database, the
database scripts can be directly downloaded from the website. Regardless of where an agency or TIM
program is with respect to TIM performance measurement, this guidance presents pertinent
information that can be used to further advance the TIM program.
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SUMMARY

This guidance provides a working framework to support an agency or traffic incident management (TIM)
program in understanding TIM performance measurement and in establishing a TIM performance
measurement database. The guidance could be divided into two major sections: Chapters 2-9 and
Chapter 10.

Chapters 2-9 provide an overview of TIM performance measurement, including concise guidance on the
consistent use and application of TIM performance measures in support of the overall efforts of TIM
program assessment. More specifically, these chapters contain:

Descriptions and consistent definitions of the three nationally-recognized TIM performance
measures, as well as how to calculate the performance measures.

Descriptions/examples of how to use incident characteristics (e.g., incident severity, injury
severity) to put TIM performance measures into context to provide meaningful comparisons of
TIM performance within and between agencies.

The most common sources of TIM data, including traffic management centers, law enforcement,
and freeway service patrols.

A discussion of the most prevalent issues facing many TIM programs, including inconsistent
definitions; data availability, sharing, and exchange; data quality and completeness; and data
timeliness.

Example TIM performance graphics and reports, as well as examples of the analysis of TIM
performance data from different perspectives and the use of data visualization techniques.

A discussion of the legal and institutional issues that may affect both TIM performance
measures and the tactical elements of TIM during response to an incident.

Examples of current agency practices with respect to TIM performance measurement.

Key points for success.

Chapter 10 presents an in-depth discussion surrounding the development, implementation, and
application of a model TIM performance measurement database. More specifically, Chapter 10
contains:

A dictionary of data elements pertaining to TIM performance measurement.

A model TIM performance measurement database schema that logically groups individual data
elements into related areas.

A script that can be used to generate an empty TIM performance measurement database from
the model schema.

A script that will populate the look-up tables of the TIM performance measurement database.
Example analyses of performance objectives or strategic questions that might be of interest to
an agency or TIM program, as well as a link to the corresponding data elements in the model
database.

Detailed example applications of the model TIM performance measurement database.
Database scripts/queries associated with the example applications.

Database outputs, analyses, and visualizations associated with the example applications.

The model TIM performance measurement database is intended to be downloaded, applied to a
database software package, and used by agencies as a starting point for a TIM performance
measurement database or as supplemental or supporting information to an existing TIM database. The
database scripts (and supporting attributes table) necessary for creating and explaining the database are
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contained in the appendices of this guidance; however, an additional and complementary deliverable of
this project is a web-based version of the guidance. The web-based version of the guidance can be
found via the TIM Network website at timnetwork.org. To aid in the creation of a TIM performance
measurement database, the database scripts can be downloaded directly from this website.

It is the conviction of this guidance that having TIM data organized in a standard way in a relational
database will drive the collection of TIM performance data; provide a centralized repository for the data;
and facilitate the analysis, reporting, and comparison of TIM performance data not only internal to an
agency, but across agencies and regions. As many agencies have begun only recently to collect and
analyze TIM performance data, it is timely and opportune to provide guidance on the implementation
and use of a TIM performance measurement database for data analysis and reporting. The ultimate
goal of developing a TIM performance measurement database is to provide a mechanism for analyzing
TIM program performance to demonstrate transparency, provide program justification, and determine
future improvements and strategies.

If an organization is just getting started, the user should start at the beginning of this guidance to learn
about the various TIM performance measures and how to calculate them. In addition, convening a
committee to support the TIM performance measurement effort can help get the program off to a good
start. If an organization has already begun to collect and analyze TIM performance measures, but does
not have a formal TIM performance measurement process or database, the user might want to start by
reviewing the information in Chapter 10, although information in the earlier chapters may also be
insightful. A TIM performance measurement database can quickly be created by working with IT staff
and the help of this guidance. In addition, if some data do exist, the data could be loaded into the
database to provide a historical or baseline look at regional TIM performance, while new incident data
are entered into the TIM performance measurement database. Finally, if an organization already has a
formal TIM performance measurement program, database, and reporting system, the user may be able
to glean information about the analysis of performance measures on specific incident characteristics, as
described in Chapters 3 and 10. For example, an organization might compare its existing database
schema to the model TIM performance measurement database schema presented in this guidance.
Comparisons could yield additional data elements or additional ways of mining existing data. In
addition, as other regions begin to build their own databases, current lead TIM programs might consider
slight modifications to data elements or definitions to allow comparisons across regions or for
aggregation of data for statewide or nationwide analyses.

Having a TIM performance measurement database, as well as an understanding of how to mine and
analyze the data, will assist agencies in identifying when, where, and during what types of incidents they
can improve performance. Even if the result is reducing average incident clearance time by a few
minutes, the outcomes can be significant. This guidance provides the reader with the tools needed to
get started or to take a TIM program to the next level.
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CHAPTER 1: PERFORMANCE MEASUREMENT FOR TRAFFIC
INCIDENT MANAGEMENT PROGRAMS

INTRODUCTION

The Federal Highway Administration (FHWA) has been a strong and consistent advocate for traffic
incident management (TIM) activities, developing guidance and partnering with agencies and coalitions
across the nation. Over time, TIM has developed into best practices involving not only the traditional
partners - emergency response and transportation agencies - but to include partners such as towing
contractors, coroners, the trucking industry, news media, and the traveling public. Countless agencies
and areas in the nation have created coalitions to increase their focus and cooperation on TIM activities.

Despite the significant increase in TIM activities and the amazing work being done by agencies and
coalitions across the country, TIM programs have consistently been faced with significant funding
challenges. TIM programs can be expensive, and they must compete with other roadway programs for
capital and on-going operations funding. To help justify TIM programs, approaches to quantifying the
benefits of these programs have evolved over the past several years.

The benefits of TIM programs can be determined using the concept of performance measurement. The
General Accounting Office (GAO) defines performance measurement as “...the ongoing monitoring and
reporting of program accomplishments, particularly progress towards pre-established goals” (GAO
1998). FHWA provides a complementary definition as “...the use of statistical evidence to determine
progress toward specific defined organizational objectives” (FHWA “Performance Measurement
Fundamentals”). Performance measures can be both quantitative and qualitative. In general, a
program of performance measurement helps to (a) set goals and objectives, (b) detect and correct
problems, (c) manage and improve program processes, and (d) document program accomplishments.

There are a number of benefits of performance measurement for TIM programs. TIM program
performance measurement can demonstrate accountability, process efficiency, and improvements over
time; improve communications; and support future planning. The development, collection, and analysis
of performance measures can assist organizations in realizing these benefits; examples include:

e Demonstrating accountability —a TIM program could demonstrate to decision makers how funds
spent on expansion of the program resulted in a reduction in overall incident clearance times.

e Demonstrating process efficiency — TIM partners could monitor performance outcomes resulting
from changes in response strategies to determine which processes result in greater efficiency.

e Demonstrating program effectiveness — a TIM program could demonstrate to the public how
implementation of a program, such as a freeway service patrol, resulted in a reduction in the
clearance of minor incidents.

e |mproving communications — The need for gathering and organizing data from various
organizations could help to improve communications amongst responder groups.

e Demonstrating improvements over time — Using performance measures to monitor TIM
performance could assist TIM partners in demonstrating their continued improvements from
one year to the next.

e Supporting future planning — By analyzing TIM performance overall and at more disaggregate
levels, an agency could identify certain areas in the region, certain roadways, or certain types of
incidents where clearance times are longer as compared to others. This knowledge could lead
to the development of tactical ways in which to better respond to incidents in these
areas/locations or these particular types of problematic incidents.
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PURPOSE OF THIS GUIDANCE

This document is intended to provide concise guidance on the consistent use and application of TIM
performance measures in support of the overall efforts of TIM program assessment. The guidance
provides an overview of the three nationally recommended TIM performance measures, as well as
others, and provides complementary information including data elements, data sources and the
visualization of results for the operating agency, as well as for decision makers and the traveling public.
In addition, the guidance includes a model TIM performance measurement database schema, data
dictionary, database scripts, and example applications of the model database, including the selection of
performance measures and targets, database queries, data mining, presentation of performance
measures, and interpretation of results.

ORGANIZATION OF GUIDANCE
This guidance is organized as follows:

e Chapter 2 —Traffic Incident Management Performance Measures — This chapter discusses the
three national TIM performance measures, as well as others used by individual state agencies,
their definitions, how to calculate the performance measures, and current practices in TIM
performance measures.

e Chapter 3 — Putting TIM Performance Measures into Context to Add Value — This chapter
describes how to add value to and provide meaningful comparisons of TIM performance
measures by putting the measures into context using incident characteristics such as incident
severity, injury severity, and roadway type.

e Chapter 4 — Data Sources for TIM Performance Metrics — This chapter discusses the challenges in
collecting data for TIM performance measurement, as well as the various sources of TIM data,
including traffic management centers, law enforcement, and freeway service patrols.

e Chapter 5 — Challenges Associated with Performance Measurement Data — This chapter
discusses the most prevalent issues facing most TIM programs, including inconsistent
definitions; data availability, sharing, and exchange; data quality and completeness; and data
timeliness.

e Chapter 6 — Reporting TIM Performance Measures — This chapter discusses communicating TIM
program assessment results to different audiences, presents various methods of presenting the
data, and provides example state performance reports.

e Chapter 7 — Data Mining TIM Performance Measures — This chapter describes the process of
analyzing TIM performance data from different perspectives and turning the results into useful
information via data visualization techniques.

e Chapter 8 — Effects of Legal and Institutional Issues on TIM Performance Measures — This
chapter discusses legal and institutional issues that may affect both TIM performance measures
and the tactical elements of TIM during response to an incident.

e Chapter 9 — Guidance Interviews — This chapter summarizes the questions asked during
telephone interviews conducted during the development of the guidance, as well as the findings
from these interviews and key points for TIM program success.

e Chapter 10 — A Model Database for TIM Performance Measurement — This chapter presents a
model TIM performance measurement schema, a dictionary of data elements contained within
the schema, a wide range of organizational objectives and strategic questions that might be of
interest to agencies involved in TIM, and multiple example applications of the model TIM
performance measurement database (including sample visualizations of the performance data).
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e Chapter 11 — Taking the Next Step towards TIM Performance Measurement — This chapter
summarizes this guidance and provides direction on how an organization might take the next
step towards implementing TIM performance measurement.

e Appendix A — This appendix contains the SQL script that can be used to create an empty TIM
performance measurement database.

e Appendix B —This appendix contains the SQL script that will populate the look-up tables in the
TIM performance measurement database according to the data dictionary provided in the
guidance.

e Appendix C—This appendix contains the attributes for each table in the TIM data model.

This guidance has been organized so that an agency or TIM program can identify the most relevant
sections to their program. If an organization is just getting started, the user should start at the
beginning of the guidance to learn about the various TIM performance measures and how to calculate
them. If an organization has already begun to collect and analyze TIM performance measures, but does
not have a formal TIM performance measurement process or database, the user might want to start by
reviewing the information in Chapter 10, although information in the earlier chapters may also be
insightful. If an organization already has a formal TIM performance measurement program, database,
and reporting system, the user may be able to glean information about the analysis of performance
measures on specific incident characteristics, as described in Chapters 3 and 10. Regardless of where an
organization or TIM program currently is with respect to TIM performance measures, this guidance
presents pertinent information that can be used by any organization to further advance their TIM
program.
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CHAPTER 2: TRAFFIC INCIDENT MANAGEMENT PERFORMANCE
MEASURES

Overall, the greatest benefits to an effective TIM program result from reduced incident duration, which
is achieved through (1) reducing the time to detect incidents, (2) initiating an expedient and appropriate
response, and (3) clearing the incident as quickly as possible. TIM activities supporting the overall
reduction of the incident timeframe directly affect safety, including secondary crashes and responder
safety.

Figure 1 illustrates the incident management timeline from the Transportation Management Center:
Data Capture for Performance and Mobility Measures Guidebook with specific points identified on the
timeline (Conklin 2013).

] Response All lanes open Response
Identified Response to traffic Departs Scene
Incident Incident Incident & Arrives on (Roadway (Incident Nermal Flow
Occurs Reported Verified Dispatched Scene Cleared) Cleared) Returns

v ¢ 9@ ). 4 v & @

Roadway Clearance

Incident Clearance

EE— Time To Return To Normal Flow

Figure 1. View of Incident Timeline

One purpose for TIM performance measurement is to work to shorten the time expended between T, and
T,, thereby shortening the duration of the entire incident. Table 1 identifies the key incident
characteristics or “times” that can be obtained from the incident timeline (Conklin 2013). Overall, each
minute of reduction in the incident response timeline has been statistically shown to reduce the
occurrence of secondary incidents by 2.8 percent (Karlaftis 1999). Reductions to the overall duration of
an incident can come from any of the five timeframes identified in Table 1.

To provide consistency in TIM performance measures and establish a national convention, in 2005,
FHWA initiated the TIM Performance Measure Focus State Initiative (FSI) (Owens 2009). Through a
series of workshops held with the 11 participating states (California, Connecticut, Florida, Georgia,
Maryland, New York, North Carolina, Texas, Utah, Washington, and Wisconsin), a series of 29 candidate
measures were developed with standard definitions. Participants identified State Action Plans to guide
implementation of the measures. At the conclusion of the FSI, participants selected three TIM
performance measures:

e Roadway clearance time (RCT).
e Incident clearance time (ICT).
e Secondary incidents.
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Table 1. Key Incident Characteristics from Incident Timeline

Measure Calculation Definition

Detection Time T.—To Time between the incident occurring and the incident being
reported. Detection time is not typically reported due the fact that
the actual time the incident occurred is often unknown.

Verification Time T,-T, Time between incident being reported and the incident being
verified. TMCs can typically assist with verification through use of
their CCTV cameras

Response Time T,—T, Time between the incident being verified and the first responder
arriving on scene. Law enforcement may not always be the first
party to arrive on scene.

Roadway Ts—T, Time between the first recordable awareness of the incident by a

Clearance Time responsible agency and the first confirmation that all lanes are

(RCT) available for traffic flow.

Incident Clearance Tg—T; Time between the first recordable awareness of the incident by a

Time (ICT) responsible agency and the time at which the last responder has
left the scene.

Time to Return to T,-To Time between the incident occurring and the traffic has returned to

Normal Flow normal flow after all clearance activities are complete.

FHWA has subsequently focused on these measures and has developed consistency in complementary
resources, such as at the TIM Handbook (Owens 2010) and the TIM Program Self-Assessment (FHWA
“Traffic Incident Management Self-Assessment”), which refer to the same measures.

As TIM programs have matured, some agencies have begun to formalize their performance metrics,
utilizing or adding to the nationally recommended measures. As an example, in 2006, the Florida
Department of Transportation (FDOT) recommended the use of four primary performance measures
that could be implemented in the short-term with existing data collection capabilities. These
performance measures included:

e Response time.

e Roadway clearance time.
e Incident clearance time.
e Incident duration.

The formalization of FDOT’s TIM program evaluation arose from the need to:

e Improve the effectiveness of the program and enable tracking improvements.

e Serve as a basis for upper management support, which affects the funding available for TIM
activities.

e Foster public support of the program.

e Satisfy increased federal emphasis in operations and management.

FDOT’s discussion emphasizes the concern about performance measures because of the need for
accountability to the state legislature, the Florida Transportation Commission, and the public. In
addition to the measures that could be formalized immediately, the following measures were
recommended for long-term development as the data collection capabilities evolved:
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e Recovery time.

Incident influence time.
Incident-related delay.
Queue-extension.

e Secondary incident rate.

It was recognized that several additional challenges, such as links to the Florida Highway Patrol (FHP)
Computer Aided Dispatch (CAD) data would be necessary to fulfill the vision of cataloging these
performance measures in the longer term (Wallace 2006).

NATIONAL TIM PERFORMANCE MEASURES

Based on the outputs from the 2009 Focus State Initiative Final Report, FHWA encourages the use of
three national TIM performance measures, namely:

e Roadway clearance time.
e Incident clearance time.
e Secondary incidents.

A 2011 FHWA report, “Traffic Incident Management Performance Metric Adoption Campaign,”
documented efforts to encourage adoption of these three national TIM performance measures,
including an inventory of existing TIM performance measurement practices. The objectives of the
project were to (1) identify the TIM-specific measures collected in 40 metropolitan areas, determine the
existing definitions of “secondary incident” and assess consistency of definitions with the FHWA
definitions, and (2) establish a national baseline for the use of the three national TIM performance
measures. During this study, significant insights were gained regarding the existing practices of
agencies with respect to implementing and using these measures (Carson 2011). Some of these
practices are presented and summarized below in the context of the three national TIM performance
measures.

Roadway Clearance Time

Of the participating metropolitan areas, 22 were collecting data to measure RCT. Of these 22 areas, 20
(91 percent) reported using a definition for RCT that was consistent with FHWA’s definition of RCT. In
most cases, the collection of data to calculate RCT

was motivated by a program, agency, or multi-agency
policy for quick clearance—typically called an “Open
Roads” program. An Open Roads program consists of
legislation, policies and guidelines, and a range of
services that enable a jurisdiction or operating agency
to carry out safe and timely removal of obstructions,
including vehicles and loads from roadways. Open
Roads policies in Atlanta, Georgia; Indianapolis,
Indiana; Miami, Florida; Minneapolis, Minnesota;

RCT Definition — The time between
the first recordable awareness of
the incident by a responsible agency
and the first confirmation that all
lanes are available for traffic flow.

Orlando, Florida; and Tampa, Florida included a
roadway clearance target of “less than 90 minutes.”
An additional target of “less than 35 minutes” was
defined for minor incidents in Minneapolis. Traffic incident management personnel in Nashville,
Tennessee reported a similar roadway clearance target of 30 minutes for minor incidents.
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Comparatively, TIM personnel in Seattle, Washington aimed to maintain or reduce a 155-minute
average for major incidents with durations exceeding 90 minutes. Roadway clearance targets in New
Orleans, Louisiana and San Francisco, California included proportional qualifiers. In New Orleans, TIM
personnel reportedly strive to clear the roadway within 30 minutes for 75 percent of all incidents.
Similarly, the target RCT for TIM personnel in San Francisco was 90 minutes for 50 percent of all
incidents. With few exceptions, participants in the TIM Performance Metric Adoption Campaign
reported that roadway clearance performance targets were developed using convenient thresholds
rather than more sophisticated methods based on historical performance data. In some areas—
including Kansas City, Missouri; Pittsburgh, Pennsylvania; and St. Louis, Missouri—a desired “decreasing
trend” in RCT is specified in place of a numeric performance target.

In order to calculate RCT, accurate determination of the “first recordable awareness of the incident” is
needed. In the areas measuring RCT, this information was often obtained through the synchronization
of or dual access to law enforcement (CAD) systems and transportation agency advanced traffic
management systems (ATMS). In the case of dual access to CAD and ATMS systems, the earlier of the
two notification times was used to indicate the first recordable awareness of an incident. At the time of
the completion of this study, none of the metropolitan areas had fully integrated CAD-ATMS systems.
Transportation agencies in metropolitan areas that do not have the data to support the first recordable
awareness of an incident may be in a position to capture a modified measure of RCT. This modification
reflects the time between when a transportation agency is first made aware of an incident and the first
confirmation that all travel lanes are available for traffic flow. While a call for assistance to a 911
dispatch center is presumed to be the first recordable awareness for most incidents, transportation
agency notification of the incident may occur take a few minutes, may be delayed, or may not occur at
all depending on the nature of the incident. However, transportation agency notification typically
occurs within a just a few minutes of a 911 call, leading to RCT estimates only modestly lower than the
estimates derived using FHWA's definition of RCT. Numerous participants from the TIM Performance
Metric Adoption Campaign indicated a capability to begin collecting this modified measure of RCT
almost immediately.

It should be recognized that a significant challenge to reporting RCT is that transportation agencies may
not capture data for all incidents, rather they may only have data for those incidents that are reported
directly to them. In Washington, for example, transportation agency personnel were estimated to
respond to just 63 percent of all incidents. Incident data may also be limited to:

e Distinct TIM programs, such as freeway service patrols (FSPs) or expedited tow programs.

e Hours of transportation agency operation—many do not operate 24-7 and hence will not
capture data for after-hours incidents.

e Majorincidents that typically require extended traffic control or involve roadway
infrastructure/appurtenance repair or replacement.

Differences in the nature and extent of the data available to calculate RCT can result in a wide range of
values among metropolitan areas. For example, an average RCT for major incidents will vary greatly
from an average RCT for incidents handled by an FSP program. In Ohio’s three major metropolitan
areas, TMC operators reported recording only “estimated” incident start and end times to support the
Statewide Buckeye Traffic traveler information system, which is less exact than that needed to support
improvements in TIM operations. When developing a national reporting system and database for RCT,
these differences in the nature and extent of data forming the basis for RCT estimates should be
carefully distinguished.

9|Page



Incident Clearance Time (ICT)

The study results from the TIM Performance Metric Adoption Campaign (Carson 2011) showed that
participants in 16 metropolitan areas reported using a definition for ICT consistent with FHWA's
definition, although some of the consistency had only

recently been achieved. Under FHWA'’s definition of ICT,
the time at which an incident has been cleared is
determined when the last responder has left the scene.
Results from the TIM Performance Metric Adoption
Campaign show that the definition of “last responder”
varies among metropolitan areas, and sometimes from
incident to incident. The last responder may include
transportation, law enforcement, or towing and recovery at which the last responder has
personnel. For example, TIM personnel in Greensboro, left the scene.

North Carolina; Minneapolis, Minnesota; and Portland,
Oregon consider an incident to be cleared when the last

ICT Definition — The time
between the first recordable
awareness of the incident by a
responsible agency and the time

transportation agency responder—often an FSP
operator—has left the scene.

Comparatively, TIM personnel in Cincinnati, Cleveland, and Columbus, Ohio consider an incident to be
cleared when eijther the last transportation agency responder or the last law enforcement agency
responder has left the scene. In Salt Lake City, Utah and Baltimore, Maryland the last responder may
include transportation, law enforcement, or towing and recovery personnel. In Providence, Rhode
Island the incident is considered to be cleared when “most” responders have left the scene; therefore,
this may exclude a single law enforcement officer who remains on-scene to complete reporting
functions. Finally, recorded ICTs sometimes include the time for queue dissipation, as was indicated by
participants from Los Angeles and Salt Lake City.

Cincinnati, Cleveland, Columbus, Greensboro, Nashville, Portland, and San Diego reported an overall ICT
target of less than 90 minutes. In Salt Lake City, performance targets for ICT were reportedly
distinguished by incident severity: less than 90 minutes for an incident involving a fatality, less than 60
minutes for an incident involving an injury, and less than 30 minutes for an incident involving property
damage only. In Houston, the goal for the SafeClear Program was to remove 98 percent of disabled
vehicles from the roadway within 90 minutes and 70 percent of disabled vehicles from the roadway
within 20 minutes. TIM personnel in Fort Lauderdale, Florida adopted a letter grade scheme for
representing the performance with respect to incident clearance—incidents cleared in less than 60
minutes receive an “A,” and incidents requiring more than 120 minutes to clear receive an “F.” Distinct,
increasing time ranges between 60 and 120 minutes are assigned corresponding to “B,” “C,” and “D”
letter grades.

As the calculation of ICT and RCT are based on the same start time - the first recordable awareness of an
incident — the same challenges exist with calculating ICT as they do with RCT, including the
determination of the “first recordable awareness of the incident” as well as the nature and extent of the
data available to calculate ICT. In Houston, Texas a collection of data to support the calculation of ICT
was limited to the SafeClear Program (Houston’s freeway service patrol) and was defined as the time
between when the SafeClear tow operator is notified of an incident and the time the disabled vehicle is
removed from the roadway. An additional challenge identified by TIM personnel relates to the accuracy
of last responder departure times from the scene. While these data are often captured through routine
communications or closed-circuit television (CCTV) surveillance, delays in reporting or observing
departure of the last responder can produce inflated ICTs.
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Secondary Incidents

FHWA estimates that approximately 20 percent of all
incidents are secondary (FHWA “Traffic Incident Secondary Incidents Definition —
Management”). Many factors affect whether or not
secondary incidents will occur. Recent research (Zhan
2009) indicates that the primary contributing factors to
the occurrence of secondary incidents include primary
incident type, primary incident duration, and time of
day. FHWA defines secondary incidents as the number
of unplanned incidents (including crashes, engine stalls,
overheating, running out of fuel, etc.) beginning with
the time of detection of the primary incident where an
incident occurs as a result of the original incident either

The number of unplanned incidents
beginning with the time of detection
of the primary incident where an
incident occurs as a result of the
original incident either within the
incident scene or within the queue
in either direction.

within the incident scene or within the queue in either
direction. To calculate secondary incidents, an agency needs to know the number of total incidents as
well as the number of secondary incidents. The percentage of secondary incidents is simply:

Number of secondary incidents
( —— ) * 100
Total number of incidents

The use of secondary incidents as a TIM performance measure is noticeably lagging on the national
front. In part, this is due to the difficulty of needing:

e The direct observation of a queue by responding parties to the secondary incident, and
e The recording of the incident as a secondary incident either on the crash report from law
enforcement or in the TMC operator or service patrol logs.

A concern expressed by some metropolitan areas interviewed from the TIM Performance Metric
Adoption Campaign was that the FHWA definition is too broad and is subject to interpretation (Carson
2011). This concern relates to the fact that this definition does not include specific requirements for
when (temporal) or where (spatial) the secondary incidents occur with respect to the primary incident.
The intent of the FHWA definition, however, is not to be as precise as to preclude the field level judgment
from responders on the scene as to if an incident is indeed secondary. This judgment call can also be
made by transportation agency operators tracking incidents via CCTVs. Incident responders are
encouraged to use their best judgment and to rely upon their experience as to whether an incident is
secondary or not.

The difficulty in the application of this definition exists primarily with the assignment of incidents to a
secondary status after the fact. Many transportation agencies do not have detailed enough data
collection or archival functions on their roadways to determine queues resulting from an incident after
the fact. Absent that data, it is common in secondary incident special studies to assume temporal and
spatial criteria that relate the event with the primary incident, independent of real-time traffic data and
often limited to the same direction of travel. For example, a secondary incident might be defined as any
event that occurred within one hour and one mile upstream of a known primary incident. A literature
review of temporal and spatial limits performed for an analysis of the interdependency of incident
duration and secondary incidents found no agreement on the limits. Spatially, the studies ranged from
less than 1 mile to 2 miles, while temporally, the studies ranged from 15 minutes to 2 hours (Khattak
2008). Another study used criteria of 1 mile and clearance time plus 15 minutes. This particular study
found a definitive primary-secondary relationship for 35 percent of the incidents studied and
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Secondary Incidents in Arizona

The Arizona Department of Public Safety Arizona explicitly defines secondary incidents
in the help file associated with its electronic data entry form. The definition states:

“A secondary collision is defined as a crash occurring within an incident scene or
within a traffic queue, including the opposite direction, resulting from an original
incident.

The original incident does not have to be a collision, could be a disabled motorist,
vehicles on the side of the road, or any other unusual circumstance related to
traffic backup or change in traffic flow as long as it played a role in distracting the
driver or the causation in the collision. If the queue is normal, everyday
occurrence without an original unplanned incident then a crash is not secondary.”

This definition highlights that Arizona’s focus is on measuring secondary “collisions,”
as opposed to secondary “incidents,” which is a slight variation from the FHWA
definition.

determined that the likelihood of a secondary incident increases by 2.8 percent for each additional
minute of clearance of the primary incident (Karlaftis 1999).

Other TIM Program Performance Measures

The three FHWA national performance measures for TIM program assessment are not the sole metrics
that can be utilized. They have, however, been put forth with the intent to aid in the comparison of
metrics across states and regions, as well as the entire nation. The entire premise of having three
national TIM performance measures is to create a sustainable, defined, and comparable basis for TIM
program assessment across the boundaries of any given region. Much like on-going efforts on the
National Scorecard for Infrastructure, Congestion, and other transportation aspects, the use of three
common measures will allow for the analysis of national incident response trends. Consistent and
comparable reporting and metrics are an essential tool in promoting TIM and funding for TIM resources.

Although not an exhaustive list, other TIM performance measures that have been used include (FHWA
2014; Balke 2002):

e Number of incidents.

e Frequency of incidents.

Incident delay.

Times related to the closure/opening of individual lanes.

Severity of incidents.

Number of fatalities.

e Service patrol statistics (e.g. roadway miles covered, number of assistance calls, etc.).
e After-action statistics (e.g. number of reviews, percent of participating agencies, etc.).
e Travel delay.

e Queue length.
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Interviews with various law enforcement personnel
associated with TIM indicate that law enforcement
uses a larger set of metrics including:

e Number of secondary incidents as a result of
a primary crash.

e Number of secondary incidents involving first
responders.

e Percentage of fatal crashes that is secondary.

The critical thing to remember about any

Arizona specifically tracks secondary
incidents involving first responders in
an effort to increase the safety of all
personnel responding to an incident.

performance measure is the need for it to explain a particular goal and objective, be well defined, and
utilize performance targets to drive improvements in the program.
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CHAPTER 3: PUTTING TIM PERFORMANCE MEASURES INTO
CONTEXT TO ADD VALUE

As discussed in Chapter 2, the definitions provided for the three national TIM performance measures
provide agencies a starting point for the consistent collection and reporting of TIM performance.
Applied broadly, however, such measures may not be very informative given the range of different types
of incidents that occur and the varying conditions under which incidents occur. On the other hand, using
this information to put the performance measures into context can help agencies realize a fuller range
of benefits of performance measurement, such as allowing them to more readily direct their resources
and refine their approaches. The challenge with putting the performance measures into context is that,
as not all agencies do so, direct comparisons may be limited or not possible at all.

To perform a meaningful comparison of TIM performance measures across multiple regions or states,
they almost assuredly must be put into context to ensure that the comparison is fair. Consider for
example that one region reporting ICT only for incidents involving fatalities may have a very high value,
such as 120 minutes or more.

Another region may report all
incidents, which will typically skew

the reported number much lower, Add Value by Putting TIM Performance into Context
say for example, 30 minutes. A

direct comparison of 120 minutes to The following incident characteristics are those

30 minutes with the assumption that primarily used to put TIM performance into context:

both numbers represent all
incidents, may lead to the wrong
inference that the first region is not
skilled in incident management
practices or has substantial room for
improvement. The following
sections discuss typical ways of using
incident characteristics to put TIM

e Incident severity, duration, or impact.
e Injury severity.

e Type of roadway.

e Types of vehicles involved.

e DOT notified incidents.

performance measures into context.

TIM PERFORMANCE BY INCIDENT OR INJURY SEVERITY

Some regions only record and track incidents above a certain threshold, such as those lasting longer
than 30 minutes or those resulting in an injury. As Birenbaum (2009) notes, the Manual on Uniform
Traffic Control Devices (FHWA 2012) classifies incidents as “major,” “intermediate,” or “minor” based
upon incident duration and other incident characteristics as noted below. These classifications could be
used to calculate TIM performance more specifically for incidents based on their severity, duration, or
overall impact.

e Major incidents—traffic incidents involving hazardous materials, numerous vehicles, fatal
crashes, and other natural or man-made disasters. These traffic incidents typically involve
closing all or part of a roadway facility for a period exceeding 2 hours. Traffic control is
implemented.

e Intermediate incidents—affecting travel lanes for a time period of 30 minutes to 2 hours and
usually require traffic control on the scene to divert road users past the blockage. Full roadway
closures might be needed for short periods during incident clearance to allow incident
responders to accomplish their tasks. Traffic control is implemented.
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e Minor incidents — disabled vehicles and minor crashes that result in lane closures of less than 30
minutes. On-scene responders are typically law enforcement and towing companies and
occasionally highway agency service patrol vehicles. Diversion of traffic into other lanes is often
not needed or is needed only briefly. It is not generally possible or practical to set up a lane
closure with traffic control devices for a minor traffic incident (FHWA 2012).

In addition, classifications for injury severity could be similarly used to assess TIM performance. Injury
severity classifications might include:

e Fatality
o Injury
e Property Damage Only

TIM PERFORMANCE BY ROADWAY TYPE

Many TMCs only operate on the freeway system (and sometimes primarily interstate highways only);
however, incidents occur on every type of facility, including state highways, arterial streets, and collector/
distributor routes. Therefore a comparison of performance from one region that is based on TMC
(freeway) incident data only to performance from another region that is based on law enforcement data
covering multiple types of roadway may be misleading. As such, reporting TIM performance by roadway
type (interstate highways, state highways, arterials, etc.) will aid in making appropriate comparisons.

TIM PERFORMANCE BY VEHICLE TYPE(S)

The type (or even
number) of vehicles
involved in an incident
can directly impact the
incident response and
the time it takes to
clear the incident. For
example, overturned
tractor-trailer trucks
and hazardous material
trucks can require
special equipment at
the scene, as well as
hours to clear. Documenting the types of vehicles involved in incidents allows agencies to analyze TIM
performance by vehicle type and can help support or refute these common assumptions. In addition,
calculating RCT and ICT by vehicle type may lead to a better understanding of if certain response
procedures are more effective than others and if different or additional resources are necessary for
incidents involving different types of vehicles.

TIM PERFORMANCE BY DOT NOTIFICATION OF INCIDENTS

Many DOTs do not have co-location facilities with law enforcement and/or programs in place that notify
and share data with the DOT of any and all incidents. In these situations, the performance measures
reported by a DOT are likely to be noted as “DOT-notified incidents only”. In other scenarios, the DOT
may be notified only of an incident when a lane is blocked, leading to a necessary classification of “lane-
blocking incidents only.”
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USE OF OTHER INCIDENT CHARACTERISTICS TO CONTEXTUALIZE TIM
PERFORMANCE MEASURES

The previous sections identified the incident characteristics that are most likely to be used when
calculating TIM performance measures. The use of other incident characteristics can also be valuable in
understanding TIM performance. Additional incident characteristics could include roadway, lighting,
and weather conditions; the number of people involved in the incident, the number of response vehicles
at the incident scene. These insights into the data could point out situations where additional resources
may be required to respond to incidents in these particular situations.

Whether towing services were

required at the scene is another
incident characteristic that could

be used to assess performance. If
data were to show significantly Further Contextualization of TIM Performance

long clearance times associated The following incident characteristics can also be used

Y‘”th incidents where towing v.vaS to further contextualize TIM performance and add
involved, an agency may consider value to the analysis:

improving their relationships with

the towing community, e Weather conditions.
establishing on-call contracts, e Lighting conditions.

tower rotation services, or other e Roadway conditions.
mechanisms to reduce the overall o Number of people involved.
times associated with clearance. e Number of response vehicles.
Indication that an incident e Need for towing services.
occurred in a work zone may be e Incident in work zone.

another incident characteristic
that can alert any agency to an

area where response or roadway
safety could be improved, thereby
reducing the number of overall incidents and potentially, the response timeframes.

Overall, any number of incident characteristics can be used to further assess an agency’s TIM
performance. The caveat, however, is that while they may provide additional insight into the operation
of the TIM program, they cost time and money to collect and analyze. In many cases, if data are coming
from outside sources, such as law enforcement, these data may not be available or may only exist in
free-form text fields, making it difficult to assign them for each incident.

Chapter 10 provides a number of examples of how to use the data elements in a model TIM
performance measurement database to contextualize, and thus better understand, TIM performance.
Specifically, the primary purpose of the section titled, Analysis of Incident Data to Determine TIM
Performance (page 65), is to illustrate how to stratify TIM data for analysis. Generic examples are given
for a wide range of incident characteristics (e.g., incident severity, injury severity, roadway
characteristics, lanes involved, time of incidents, vehicles involved, weather, lighting, and surface
condition), as well as examples of stratifications on multiple incident characteristics. In addition,
example applications of the model TIM database (beginning on page 71) use example scenarios and data
to illustrate in more detail how to “dig deeper” into the data to better contextualize TIM performance.
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CHAPTER 4: DATA SOURCES FOR TIM PERFORMANCE
MEASURES

Numerous challenges exist in the collection of data to provide TIM performance measures. The
processes used across the United States are inconsistent, and the available sources and level of
integration vary widely.

TMC ONLY DATA

Within many metropolitan areas, existing TMCs utilize operators and on-roadway equipment such as
Closed Circuit Television Cameras (CCTV) to detect, verify, send response to, and close incidents. These
functions however are typically only performed for incidents on freeways. In many areas, data from
other roadways are simply not available. In addition, some TMCs do not collect data for all incidents
visible to their operators, but only for those incidents that block lanes. Due to the inconsistencies in
available data across regions, it is important that any Traffic Management Center

reported TIM performance measures be properly defined : -

and put into context, such as incidents occurring on ——rin
freeways or on roadways with TMC coverage. This is S
especially important when reporting TIM performance
metrics to a higher level, such as the region, state, or Operators
nationally, to ensure that “apples-to-apples” comparisons

are being made.

An example of how incident data are gathered by a TMC
comes from the Freeway and Arterial System of
Transportation (FAST) in Las Vegas, Nevada. Figure 2
shows the incident input screen from the FAST system. It
can be seen that the TMC operator must identify a variety
of information about an incident, including the incident
start time, incident type, number of lanes blocked, which
lanes are blocked, incident severity, the time a tow truck TIM Performance Measures from
arrived, the time the lanes were cleared, whether a truck TMC Operator Logs

was involved, and whether the incident is a secondary

incident, among others. This particular TMC incident entry screen illustrates that FAST operators can
record the data elements necessary to calculate roadway clearance time and secondary incidents (two
of the three national performance measures), as well as multiple data elements for putting the
performance measures into context (e.g., severity, truck involved, number of lanes blocked).

—
N
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E Add New Incident 1

i

Time Stamp: |8/7/2014 G5 2:29 PM % | 1) Incident Type: | - |

Corridor: | cc-215 EB- | Lu:u:aticm:lpast Rainbow, (Southern B | Roadway ID: |sp7 |Segment ID:| 1 |

Which Lanes Blocked: | v [Mumber of Lanes: | Estimated Duration {Minutes): |60 |

Message: g/7/2014 2:29 PM, || Use other routes || Expect delays
| on CC-215 Eastbound past Rainbow, {Southern Memo:
Beltway),

Tow Truck Arrived:l = _:. Lane Cleared: = ﬁ || Shoulder Available

Seuerity:i ulll || Truck Involvled [ | Secondary

|| Quick Clearance | | Weh Moved by Itself | | Imjury/Ambulance

[ Alert All | | GovDelivery | [ Add [ Close

Figure 2. Incident Input Screen from Las Vegas FAST

FREEWAY SERVICE PATROL DATA

In some areas, additional data sources such as freeway service patrols may be available. Many TMC's
outsource this type of function, and the data are not always readily available to the TMC. In this case,
data fusion or integration may be necessary to merge the operator logs and the freeway service patrol
logs into the same database so that statistics can be run against the collective incident information. If
both the operators and the freeway service patrol
are using the same program and/or database for
recording incidents, this data fusion may not be
needed. As with the previous scenario, data for
other roadways are typically not collected, again
leaving the reporting basis for the TIM program to

Traffic Management Center

) Operators
be solely on those roadways with TMC coverage, Freeway
which are typically freeways. Service  igakg
A le of how incident dat thered b Patrols
n example of how incident data are gathered by a . cCTV

freeway service patrol program comes from the A
Illinois Department of Transportation’s Emergency '
Traffic Patrol (ETP) Program. Figure 3 shows the
ETP Assist Report form used by ETP personnel
when responding to an incident. It can be seen
that the ETP personnel must identify a variety of
information about an incident, including arrival
and departure time, incident cause (type), location
(roadway and mile marker), vehicle type, number
of lanes blocked, which lanes are blocked, and whether a truck is involved. Upon completion, the form
can be scanned electronically, which significantly increases the quality of the data as it eliminates
manual transcription. Other states and agencies have moved to computers or wireless tablets for data
entry on-scene, removing the need for the scanning process.

TIM Performance Measures from
Combined Logs
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Figure 3. Emergency Traffic Patrol Assist Report log form from the lllinois Division of Highways
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LAW ENFORCEMENT DATA

In some areas, an additional data source includes data collected by law enforcement. In this case, data
to support TIM performance measures are typically recorded by law enforcement officers at an incident
scene. The method of law enforcement data capture at the scene of an incident varies widely across the
nation and the process of using and fusing law enforcement data with other sources like TMC data can
be a challenge. The use of law enforcement data takes a strong and active partnership arrangement
between law enforcement and the DOT.

At the highest level of integration, the DOT Traffic Management Center
and its law enforcement partners, typically B : '
the state police, utilize the same CAD
software, which allows both agencies to
reply on a single platform, with single data Operators
entry points, common definitions, and
consistent application and usage. More

Law Enforcement

often than not, however, the two agencies -y CCTV _,f .
utilize a different software base and face a A il R
process of exporting data from one system IIIL /

into another system for analysis. While \ /

this export / import / analysis process can N !':,-

take some time to develop, the inclusion v

of additional data for a wider variety of TIM Performance Measures from
incidents can provide a much deeper Law Enforcement Data

insight into the performance of a traffic
incident management program.

One known problem with some law enforcement CAD data is that the required time elements of various
steps in the incident timeline are not explicit fields, but rather data in free form text fields. This type of
data can still be used and be valuable, but it requires more extensive parsing of the law enforcement
data. This type of data parsing is also prone to failure if inconsistencies occur in the recording, such as
using a date format of MM/DD/YY instead of MM/DD/YYYY or using a date format with dashes instead
of slashes. Explicit data fields force conformance, which pays significant dividends in subsequent export
and analysis routines.

An example of TIM performance data captured by law enforcement comes from the Florida Highway
Patrol (FHP). The FHP uses a mobile crash report application in the field. In January 2011, the FHP
implemented a new crash report that allowed FHP troopers to capture lanes blocked, as well as time-
stamped information about incidents to report RCT and ICT. In April 2011, FHP added a secondary crash
element to the report. The electronic crash form is shown in Figure 4.
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Crash Identifiers & Roadway Crash Information Violations Pictures Attachments Approval
Form Type County lﬂl‘m“l cty L] Crashin Chy Limts Agency Case No Agency CAD No
~] [puva || [packsonvILLE ~J[x]
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Enter MM first if Intersecting Descniption is Mile Marker
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Type of Shoulder
=

[ Fiag for FDOT

Figure 4. Florida Highway Patrol Electronic Crash Form

While the approaches used by law enforcement to capture incident data vary, an innovative example
comes from the lowa Department of Transportation’s Traffic and Criminal Software (TraCS). The TraCS
program is an initiative by the lowa DOT to collect data from law enforcement at the scene of a motor
vehicle collision and send that data electronically to the lowa DOT. TraCS software and support is
provided by the lowa DOT at no charge to qualifying lowa public safety agencies. lowa DOT currently
receives over 90 percent of crash data electronically from local and state law enforcement agencies.
Nearly two thirds of citations written in lowa are submitted electronically (lowa DOT).

In addition to its use in lowa, TraCS has an extensive usage base. Currently, TraCS is being used in 14
states and one Canadian province. In New York alone, nearly 500 jurisdictions use the software (New
York State Police), creating a massive capability for data interoperability, sharing, and consistency in
reporting, aggregation, and analysis. A statewide (or province wide) agency TraCS software licenses
costs $52,500 per year, which provides for unlimited usage within the state or province. The annual
licensing agreement is between the State of lowa and the participating state.

These approaches continue to showcase innovative practices and increase the quality, availability, and
timeliness of data for traffic incident management performance measures.

21| Page



TraCs in Arizona

To become more efficient and cost effective in its crash data collection and reporting, the
Arizona Department of Transportation (ADOT) conducted a study in 2007 to determine
the most efficient, effective and cost-beneficial crash data collection software for
Arizona’s law enforcement agencies. Ultimately ADOT selected the TraCS software.

ADOT then started providing two ways law enforcement agencies in the state could
report their crash data — the traditional paper form and the electronically form via
TraCS. When the electronic form was developed, ADOT provided 15 blank data fields
that could be assigned for use by the individual law enforcement agencies. The Arizona
Department of Public Safety (state police) used these blank fields to specifically collect
data on a number of TIM performance measures, including the three national TIM
measures (RCT, ICT, and secondary crashes) as well as the number of crashes verses the
number of incidents, the number of secondary crashes secondary to a crash versus
secondary to some other type of incident, and the number of secondary crashes
involving a first responder.
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CHAPTER 5: CHALLENGES ASSOCIATED WITH PERFORMANCE
MEASUREMENT DATA

The most prevalent issue facing most TIM programs is the availability of data and data sharing between
agencies responsible for incident response. Discussions of the challenges with performance
measurement data list several common themes, including (FHWA “Traffic Incident Management”; Grant
2013; USDOT):

e Does the performance measure represent a key concern?

e Inconsistent definitions.

e Data availability.

e Cost of data collection.

e Data quality/completeness.

e Data sharing.

e Data exchange.

e Dataintegration.

e Assuring appropriate comparisons to other operations.

e Extrapolating from partial coverage.

e Understanding extraneous influences in the data.

e Conflicts with other measuring programs - which is "right"?

e Timeliness of data.

e Use of performance measures in the allocation of funding.

e Liability for action (or lack thereof) based on performance measurement results.
e Responsibility for measures for which there may be limited control.

While this list is generally self-explanatory, selected challenges are addressed in more detail below.

KEY CONCERNS

The analysis of performance measures requires the expenditure of resources for data collection,
computation, tracking, presentation, and more. This is a direct cost to the program or agency.
Therefore, it is unrealistic to think that an agency or program can, or should, collect data for all available
performance measures. In fact, this is a key purpose behind the three national TIM performance
measures — to realistically measure and track TIM performance while minimizing the costs to agencies
involved in the process. Any additional performance measures should therefore play a key role in TIM
decision-making and planning, avoid unnecessary duplication with other measures, and be considered
for their ability to support policy decisions (Grant 2013). It should be recognized that while resources
must be expended to fully participate in TIM performance measurement activities, significant value can
result from those efforts by positioning the agency to better understand, request, and receive additional
funding and TIM resources.

INCONSISTENT DEFINITIONS

The typical example to illustrate the importance of consistency in defining performance measures is
incident response time. Transportation agencies typically define incident response time as the time
from when the transportation agency was notified of the incident to the time when the first responder
from any agency arrives on at the incident scene. Emergency responders, on the other hand, typically
define response time as the time from when the call was received by their dispatch, typically a 911
center, and the time when their first response vehicle arrives on the scene. Unless the transportation
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agency, 911 dispatch, and law enforcement are fully integrated, the use of these two definitions is likely
to result in inconsistent performance measures.

Incident clearance time is another example. Transportation agencies typically define incident clearance
time as the time when the first responder arrives on the scene to the time when the incident was
removed from the travel lanes. Law enforcement often uses a corresponding measure that ends when
their investigative and/or paperwork duties are complete, which may involve interviews of participants
in medical facilities, etc. As such, the law enforcement incident clearance time could be substantially
different than the transportation agency incident clearance time (Carson 2010). Additionally, most CAD
systems have status code keys to differentiate different activities such as leaving the scene, going to the
hospital, etc. Therefore, the correct use of the status key codes is critical for data accuracy and
consistency.

This is another key purpose behind the development and use of three national TIM performance
measures — to provide consistency in definitions across agencies and locations.

DATA AVAILABILITY

TIM program assessment is still a developing activity, and not all agencies collect the appropriate data.
In the case of transportation agencies, some regions of a state may have implemented the necessary
data collection and recording guidelines to provide data for TIM program performance; whereas other
areas in the same state may have not.

The comprehensive reporting of TIM performance may require data from multiple sources to be
collected/shared/integrated. Transportation agencies typically do not get notified of every incident on
every roadway. Depending on the presence of a TMC, they may not even get notified of all incidents on
freeways. Numerous issues exist with respect to accessing data from multiple sources, such as
availability, security, privacy, compatible formats, and the ability to extract the correct and required
information. The search for solutions to these issues generally starts with a multi-agency task force
encompassing the primary responders and the transportation agency. This task force should analyze
available data, means of data exchange, and data definitions to see if data are compatible and shareable
(Wallace 2006).

DATA QUALITY / COMPLETENESS

A discussion of data quality encompasses many areas; accuracy is one of the primary aspects—ensuring
that the information is recorded properly. At either the TMC or in the field, accuracy refers to items
such as correctly noting the date and time, as well as the proper identification of the affected lanes and
the number of vehicles.

Data quality can also refer to completeness of the data—ensuring that all of the information is recorded.
Paying attention to the completeness of data is especially important during updates. For example, the
performance measures associated with the time to clear incidents depend on accurate updates on what
is happening at the scene (e.g., when all travel lanes are available for traffic flow, when the last
responder leaves the scene). If the timelines of incidents are incomplete the data cannot be utilized to
calculate the associated performance measures. Alternately, if times are entered long after the
incidents are cleared, these long durations will skew the reporting of the clearance times.

Another aspect of data quality comes into play if records have to be transcribed. Mistyping times such
as 21 instead of 12 can influence the overall calculation. Even a few data transcribing errors could have
a significant impact if they took place on major incidents or were concentrated on a particular type of
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data query, such as the ICT for non-injury incidents on interstate highways. The only solution for
ensuring data quality in a manual transcription scenario is proof reading and secondary oversight.

In the scenario of extracting information electronically, several test data runs should be performed
beyond the initial programming to ensure that the resulting data are valid and make sense. If any
agency involved in an exchange of data changes formats, types, definitions, etc., the process of ensuring
data quality will have to start again.

DATA SHARING

Data sharing is the practice of making data from one agency or system available to another agency or
system. Largely, this is an institutional issue and may require negotiation as to the uses of the data. In
certain situations, agencies may limit data sharing or limit aspects to certain aspects of the data such as
vehicle registration information to protect the confidentiality of any involved parties. Data sharing may
also be restricted to protect agencies from use of data for political purposes.

DATA EXCHANGE

The formal definition of data
exchange is taking data structured
under one representation or
hierarchy and transforming it to
another. While the execution of the
data exchange is typically
automated, the initial mapping
between systems is a crucial task
that requires active involvement by
people intimately familiar with the
data. Primarily this exchange occurs
as a part of a course of action of
trying to unify or utilize data from
other sources. Typical examples may
include a TMC utilizing data from a
law enforcement CAD system to
supplement the existing information.
In some cases multiple agencies may
be involved in the response to
incidents, and multiple CAD sources
may need to exchange data.

National standards exist for defining
data elements associated with
incident management. The National
Intelligent Transportation System
Architecture utilizes the Traffic
Management Data Dictionary and
standards from the Institute of
Electrical and Electronics Engineers
(IEEE) to message sets for data
exchange pertaining to incident

TIM Data Sharing, Exchange, and Integration in Virginia

To improve incident response and tracking, the Virginia
State Police (VSP) CAD system shares traffic incident data
with the ATMS software at each of the Virginia Department
of Transportation’s (VDOT) regional traffic operations
centers (TOCs). Data sharing between the VSP CAD system
and the VDOT TOCs is a coordinated effort and involves a
memorandum of understanding (MOU) between VDOT and
the VSP about the type of information/data shared. The
information from the VSP is filtered to provide to VDOT only
data on incidents occurring on roadways; no criminal
information is shared with VDOT. When a VSP officer on the
scene of an incident enters information about the incident
into a mobile data terminal (e.g., electronic tablet, laptop)
and/or calls the information into police dispatch, the
information is automatically shared with VDOT's regional
TOC, and the information appears on the TOC operator’s
control screen. The TOC operator then inputs the
information into the ATMS, thereby integrating TOC and VSP
data. This data sharing began as a pilot project in one
region to determine if it would improve incident response
and coordination efforts between the agencies. After the
success of the pilot project, data sharing was expanded to
include all regional TOCs and VSP Divisions. In addition,
incident data from 10 local/county law enforcement CAD
systems is shared with VDOT’s TOCs via the local/regional
Public Safety Answering Points (PSAP), and 5 additional
PSAP data exchanges are in progress.
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management (Wallace 2006). Subsets of this information and data flows are provided for activities such
as broadcast traveler information, interactive traveler information, transportation operations data
sharing freeway service patrols and more. While TMC software and CAD systems may utilize national
standards for the definition of data elements, care should be taken when integrating systems as
agencies may have added customized data elements beyond the standards or changed the definitions all
together. Additional organizations may have other standards that are applicable to incident
management. Overall, attention should be focused on ensuring consistent definitions of data elements
when undertaking data exchange tasks.

DATA INTEGRATION

Data integration is the process of taking data from disparate sources and combing it into a single unified
data set for agency purposes, such as the calculation of clearance times. Data integration encompasses
many key elements already discussed, such as sharing agreements and standards for mapping data
elements between systems. Overall, the process of integration requires significant cooperation on the
part of all agencies providing and/or aggregating data. Precise communications to improve and/or resolve
differences in data availability, data quality and completeness, data exchange standards and more are key
to successful integration projects. These types of projects typically also require top-down support on the
part of all involved parties to ensure proper resources and personnel are devoted to the effort.

APPROPRIATE COMPARISONS

Even when the definitions for the performance

measures are standardized, the way in which the
performance measures are reported need to be

carefully communicated. For example, an agency In addition to weekly and quarterly

may only report performance for “DOT notified performance reports on regional traffic
incidents,” “lane blocking incidents,” or incidents on incident management, the Virginia DOT is
interstate highways. In any case, this qualifying working towards developing real-time
information should be communicated along with the analysis tools and reporting capabilities

performance measures to ensure that reporting is
consistent and understood across all agencies and
that appropriate comparisons are made.

for the TIM program. Real-time analysis
tools and reporting capabilities might
include showing current impacts of an

TIMELINESS OF DATA incident, consequences of extended lane
closures, congestion impacts, detour

Although it could certainly be helpful for program options, etc. VDOT hopes that, once

management, TIM program performance measures developed, these real-time reporting tools

do not have to be calculated in real-time; however,
the timeliness of data, especially from outside
systems, may impact the frequency with which
reports or on-going checks of program operation can

and capabilities will aid in the decision
making process.

take place. Established TIM programs generally
produce monthly or quarterly reports. If outside
data sources, such as law enforcement CAD systems, can only provide data on a manual basis, and it
takes significant work to process the information to obtain the appropriate information, it is unlikely
TIM program reports can be generated on a consistent and timely basis. In general, performance
related information is of little value when it is provided too late to the intended user (Harbour 1997).
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CHAPTER 6: REPORTING TIM PERFORMANCE MEASURES

One of the more daunting aspects of TIM program assessment is communicating the information to
others, either internally or externally.

EFFECTIVELY COMMUNICATING THE MESSAGE

They key to effective communication/presentation of TIM performance measures is to understand the
audience. When speaking to external agencies, political or legislative office holders, or even the general
public, the golden rule of “less is more” is generally applicable. While the presentation should be sure
to portray a fair and accurate assessment, the display of

significant levels of detail, with countless charts, tables,
and figures, can be confusing. These types of audiences
need an overview and the bottom line—the numbers
associated with the bottom line are generally not as
important.

The key to effective presentation
of performance measures is to

understand the audience.
When communicating to the public or an agency not

involved in the day-to-day operations of a TIM program,

one recommended approach is:

1. Start with the message — Identify the reason for
communication.

2. What is the area of concern? — Identify it as a roadway, a corridor, the region, a particular
location, etc.

3. What is being measured? — Keep it simple —incident clearance time, roadway clearance time, etc.

4. How is performance being measured? — Provide a brief description of the performance measure
and its purpose.

5. Where did the data come from? — Identify the data sources used and an overview of any
necessary manipulations.

6. What are the results? — Strive for clear, effective, concise information.

7. What do the results mean for the audience? — Make it personal; relate this information back to
them.

8. What are the next steps? — Identify the options or future actions.

In essence, this same outline can also work for presenting material to a more technically oriented
audience. While the steps remain the same, the level of detail presented at each step may increase.

This approach is certainly not intended to imply that audiences are incapable of understanding the
details associated with TIM performance measures. Itis likely, however, that the details of data
collection, manipulation, storage and more are not necessary for the audience to understand the results
and, more importantly perhaps, the actions or next steps.

Perhaps the most difficult step in the above process is item 6, the clear and concise communication of
results. For engineers, a typical approach is to use charts, tables, and figures to graph or otherwise
illustrate large amounts of information. This typically works well; however, caution should be used to
avoid the common pitfalls described at the end of this chapter.
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DATA REPORTING TIMEFRAMES

By definition the target for any performance measure includes a timeframe. The selection of
appropriate timeframes is purely based on the overall agency goals and objectives and the interaction
with stakeholders and customers.

In general, timeframes for reporting performance can be said to be (1) long-range, (2) mid-range, and (3)
short-range. A long-range timeframe may be a horizon of 20 years or more, while a mid-range
timeframe generally focuses on a 10-year period. A short-range timeframe is most often 3-5 years.

Within the context of TIM, most selected measures will be reported within the short-range, with a focus
on what improvement can be seen in an even shorter timeframe—typically within 6 months to a year of
focused activity.

The tracking of measures can, and should, take place for the long-term so that progress can be viewed
at a glance. Of critical importance in showing trends over time is relating any significant changes
(increases or decreases) directly to the influencing factors, so that explanations exist for changes in
graphics or tables showcasing various performance metrics.

METHODS OF PRESENTING DATA

In terms of TIM program data, presenters must ask: What method(s) will be most effective for
presenting that particular performance measure to the intended audience(s)? Oftentimes, there is
more than one way to present a given piece of information.

Charts are easily understood, can be adapted to a variety of audiences and situations and can be used at
multiple levels of detail, as the audience warrants; however, some guidance on when to use what type of
chart is warranted. The information below applies to typical situations. Like most aspects of engineering,
individual judgment, and consideration of the audience should be used to determine the most appropriate
method of displaying information.

e Line — Highlights trends or changes over time. Can be used to show multiple series of data, but
be careful of overcrowding the chart.

e Pie —Shows the relationship of the parts to a whole. Good for expressing percentages.

e Bar — Shows variations over a period of time. Horizontal bar charts typically give people the
impression of time flow. Vertical bar charts typically give people the impression of movement in
space, e.g., different roadways.

e Area—Shows the variation of data over time, but emphasizes the overall magnitude of the
change, not the individual changes or rate of change.

e Combination — These charts excel at showing the background data but also highlighting the
significant trend. A typical combination chart would utilize a bar graph in conjunction with a line
graph.

e 3-D charts — Creating a chart in 3-D may help to highlight the information or improve the
visualization. There are 3-D versions of all of the charts above.

e Strip or heat charts — A heat chart is a graphical representation of data where the individual
values contained in a matrix are represented as colors. For TIM programs, the axes are typically
spatial and temporal coordinates. While heat charts can be effective illustrations, they are
typically not used for a non-technical audience due to the complexity of the data presentation.

e Dashboards — A popular choice for displaying high-level TIM data is the dashboard, which
visualizes the subject data in an easy to read interface. Dashboards typically show the current
status or snapshot of the data in question and have the ability to reference it to the historical
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trends. Computer dashboards are often interactive and can merge multiple data sources into an
effective decision-making tool.

Figure 5 shows the first page of the Florida DOT District 4 Performance Measures Report from
September 8 to September 14, 2013. These performance measures reports are made publically
available on a weekly, monthly, and quarterly basis (FHWA “Performance Measures Reports”). While
the full length of the report contains significant detail, the beginning pages are highly graphical, with
little text. As seen in the figure, FDOT provides a summary of the average weekly TIM performance for
each step in the incident timeline, from incident verification time to incident clearance time. This
information is presented both in tabular form and in graphical form (bar chart). FDOT also specifically
reports two of the three national TIM performance measures (RCT and ICT) in terms of overall weekly
averages. The current week’s performance is compared to the previous week’s performance, as well as
to the overall 52-week performance. The public and/or administration can utilize these reports to get a
broad overview of TIM activities and the current level of performance.

Similarly, the Virginia DOT produces weekly and quarterly performance reports on regional traffic
incident management. Weekly reports typically contain a few pages, while quarterly reports contain
significantly more information and detail. As with the report from FDOT, VDOT's report provides high-
level summary statistics and is highly graphical. Figure 6 and Figure 7 show example graphics from
VDOT’s Hampton Roads TOC Fourth Quarter 2012 Performance Measures Report. Figure 6 is a summary
graphic on the performance of VDOT's safety service patrol (SSP). This graph shows the average SSP
response time, the average time from SSP arrival on the scene to incident clearance, and the average
incident clearance time. The line graph illustrates the trends over a 6-month period, including the
current quarter and previous quarter. This graphic is particularly effective as it clearly identifies and
defines the performance measures being presented and provides a statement of the bottom line. It also
provides VDOT's target performance for a basis of comparison to the current performance.

The graph shown in Figure 7 summarizes VDOT’s fourth quarter 2012 event clearance times. The graph
is a cumulative distribution curve representing the clearance times of all incidents measured during the
guarter. With this type of curve, one can see the percentage of total incidents cleared under any specific
time, for example under 30 minutes or under 60 minutes. In this particular graphic, VDOT has called out
the percentage of incidents cleared under 10 minutes, 30 minutes, and 90 minutes.

Full performance reports from VDOT can be accessed via VDOT’s website (Virginia DOT).
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Figure 7. Fourth Quarter Event Clearance — Hampton Roads TOC Fourth Quarter 2012 Performance
Measures Report (Courtesy of VDOT. Used with Permission.)

In addition to its weekly and quarterly performance reports, VDOT has a web-based performance
dashboard. Figure 8 shows the component of the dashboard that details incident duration (or ICT)
(Virginia DOT “Highway Performance-Incident Duration”). The dashboard is interactive, allowing the user
to examine incident duration in terms of percentage of incidents (shown as a pie chart) or number of
incidents (shown as a bar chart). Incident duration is clearly defined for the user to the right of the
incident duration graph. Users can also view the incident duration graphs for individual regions or
statewide, for different incident severity levels (minor, major, or high profile), by incident type (vehicle or
tractor trailer), and for different date ranges (year to date, last 3 months, last 13 months). The bottom
graphic shows the incident clearance trends over time according to the date range selected by the user,
and the details tab allows users to see the specifics of the individual incidents, including the date, district,
severity and actual start and end times of each incident.
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Internal Presentation and Use of TIM Performance Measures

For internal and real-time use of TIM performance measures, some Florida TMCs display
the current values for RCT on the video wall in the TMC control room.

In the picture shown below, the FDOT District 4 value of 54.5 minutes indicates the current
district wide average RCT. Red indicates that the value is higher than the value was at the
same time the previous year.

Each county within the district is also assessed individually, as shown down the left side of
the display board. Numbers in green (e.g., Martin showing 85.8 minutes) indicate RCT
values that are less than the value was at the same time the previous year.

The first line of numbers for each county (e.qg., Palm Beach showing 5, 2, and 2) represents
the number of current minor, intermediate, and major incidents, respectively.

Palm Beach

Broward

Photo courtesy of Dr. Grady Carrick. Used with permission.
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COMMON PRESENTATION PITFALLS

There are a number of common pitfalls in presenting performance data. Below are a few to try to avoid.

Using a chart to show every piece of data. While technically accurate, this approach typically
leads to needless complexity and can actually hide the bigger picture or trends. If data are
collected at 5 minute intervals, but the illustration of performance measures is for a daily basis,
only one data point is required, not the 288 individual 5-minute intervals.

Making information on charts or displays too small. Before presenting any information, view it
from the back of the room. If it can’t be read or seen clearly, it won’t be effective!

Using excessive or inappropriate colors and fonts. Colors and fonts can be used effectively to
separate and group information, but too much is overkill and distracts from the message. Also,
charts designed for a color presentation do not translate well to black and white. If information
will be printed in a local newspaper or other publications, make sure to provide displays that are
tailored to that particular media. In particular, patterns may need to be used rather than solid
colors.

Presenting too much information. Trying to convey too much information to the audience will
only create confusion. Be selective when choosing what to present and consider the points that
are of most interest or are most relevant to the audience.

Assuming that the charts alone will communicate the message. The presenter must perform
that function. Charts are a backup and a visual aid—they are not the primary method of getting
information across to the audience. Follow the presentation outline provided above for a
consistent and tried and true approach to communicating information.
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CHAPTER 7: DATA MINING TIM PERFORMANCE MEASURES

Data mining is a term used to describe the process of analyzing data from different perspectives and
turning the results into useful information. The term is relatively new, but the concept of turning data
into information is not. At some level, even aggregate summaries of measures such as RCT and ICT are
examples of data mining. However, data mining can be much more detailed investigation into specifics
of incidents or various incident types. Some of those interviewed in support of this guidance reported
using data mining tools to examine the response timeline of particular types of incidents, such as
fatalities, to determine how to improve the clearance times. Agencies that have utilized data mining
techniques have typically done so to provide additional benefit to their incident management program,
such as to:

e Simplify the aggregation of reports from multiple data sources and/or locations.

e Enhance the ability to compare two or more events in detail.

e Enhance the ability to peer into the data for underlying trends.

e Leverage results to use for other TIM activities, such as post-incident analysis of significant
events.

It is beyond the scope of this guidance to examine the available data mining packages and make
recommendations for a specific product line. The intent of the guidance in this regard is to
communicate the opportunity that exists for understanding and improving TIM response with
sophisticated data mining tools.

Data mining often goes hand-in-hand with visualization techniques. Visualization is simply using images
to communicate a message, as was discussed in the previous chapter. Figure 9 shows a data mining
visualization from the University of Maryland Center for Advanced Transportation Technology (UMD
CATT) that examines an individual incident in detail. The tool integrates information sources into a
comprehensive timeline, including notifications, communications to the TMC, arrival and departure
timeframes, and a depiction of which lanes were blocked during the entire timeframe of the incident.
The live system is interactive using highlights, pop-ups, and a floating time pointer to specifically orient
the user to every aspect of the response. The top portion of the figure shows a timeframe record of all
the TMC communications related to the incident. The middle section shows the timeline of various
responders and personnel associated with the incident response. The bottom section shows a record of
the lane blocking characteristics of the incident, with red indicating that the lanes are blocked.

Figure 10 shows a heat map of the effects of the incident. The X-axis represents the timeline of the
incident, while the Y-axis represents the distance upstream and downstream from the incident. The
impact of this incident began at approximately 3:00 pm and extended more than 13 miles upstream
from the incident location. This map integrates the messages posted on the roadway giving a
comprehensive view of the traveler information response to the incident, in addition to the on-scene
incident response timeline.
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Figure 9. Data Mining and Incident Timelines

Graphics provided courtesy of University of Maryland Center for Advanced Transportation Technology (UMD CATT). Used with permission.
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Figure 11 illustrates another type of data mining for TIM performance reporting. FAST recently began
generating a “30-60-90” calculation for the Nevada DOT using the following categorization of incidents:

e Anincident meets 30 minute criteria if it involves no injuries and it is removed from the travel
lanes in 30 minutes or less.

e Anincident meets 60 minute criteria if injuries are involved and it is removed from the travel
lanes in 60 minutes or less.

e Anincident meets 90 minute criteria if it involves a fatality and it is cleared in less than 90
minutes.

To aid in these calculations, FAST added a check box on the TMC incident screen for operators to
indicate when an injury is involved (e.g., presence of an ambulance). In addition, FAST archives CCTV
snapshot images taken during the incident timeframe (animation plays at 15-second intervals).
Snapshots are taken of the incident location, as well as of adjacent roadway segments, such as ramps or
arterial streets, that may also be impacted by the incident. By reviewing these snapshots, analysts can
obtain additional details about incidents, as well as examine the impacts of the incidents on the
roadways (which lanes are blocked/cleared and when). FAST has made use of these snapshot archives
to help generate some of the 30-60-90 calculations for NDOT (e.g., to observe ambulance and fire
responder activity to determine if an injury was involved). In the future, every time FAST provides an
updated report to NDOT, the snapshots will be reviewed to provide the most accurate results as
possible.
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Figure 11. Snapshot Archiving Used for Data Mining
Graphics provided courtesy of FAST. Used with permission.
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The take-away from any discussion on data mining is that there are multiple tools and techniques
available, including commercially available products. The selection of features versus the trade-off of
implementation and operations cost is a decision that needs to be made by each individual agency
and/or by the TIM program partners. The model TIM performance measurement database discussed in

Chapter 10 of this guidance illustrates the principles of data mining with realistic data and TIM
performance scenarios.
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CHAPTER 8: EFFECTS OF LEGAL AND INSTITUTIONAL ISSUES ON
TIM PERFORMANCE MEASURES

The calculation and reporting of TIM performance measures can be affected by issues apart from the
basic formulas and the use or analysis of those measures under different contexts. Both legal and
institutional issues can affect TIM performance measures.

Some of the legal challenges that may affect TIM are safe clearance laws, fatality certification, and
expedited crash investigation. There are three core laws that are used to provide the necessary legal
foundation for quick clearance and removal. These laws are the Driver Removal or “Move It” law, the
Authority Removal law, and the “Move Over” law (Owens 2010; Wallace 2006). NCHRP Synthesis 318 found
that many states have quick clearance laws as well as information campaigns to inform and educate drivers
about those laws (Dunn 2003). The root effect of these types of laws is to reduce incident clearance time
for minor incidents. Analysis of TIM performance must take the presence of these laws into consideration,
such as looking at before and after legislation performance.

As an example, in early 2011, there was a major policy revision in Arizona requiring police officers to move
vehicles off the roadway during incidents — not simply to the shoulder, but preferably outside of view from
the roadway (e.g., nearby parking lot). The Arizona Department of Public Safety used performance
measures before and after this policy change to determine if it had an impact on TIM performance. Table 2
compares TIM performance in terms of RCT and ICT for crashes that occurred between October-December
2010 (prior to the policy change) and April-June 2011 (after the policy change). Performance is reported by
the injury severity resulting from the crash (non-injury, injury, fatal).

In all categories, performance increased (decrease in average RCT and ICT) after implementation of the
policy, suggesting that the policy change was effective at reducing clearance of crashes, particularly non-
injury crashes that are more easily moved from the roadway. What is interesting to note is the large
decrease in RCT and ICT for non-injury crashes as opposed to less of a reduction for injury crashes and
an even smaller reduction for fatal crashes. For injury crashes, the decrease in RCT and ICT does show
effectiveness of the policy, albeit less than non-injury crashes. These finding suggest that some injury
crashes (perhaps those that are more serious) may not be as easily moved from the roadway. While
there was a decrease in RCT and ICT for fatal crashes, the decrease was far less dramatic, suggesting that
the policy had less of an impact on performance, which is not surprising given the nature and sensitivity
of these crashes.

Table 2. Arizona DPS Metropolitan Phoenix TIM Performance between Oct-Dec 2010 and Apr-Jun 2011

RCT 45 32 -29%
Non-injury

ICT 84 40 -52%

RCT 54 46 -15%
Injury

ICT 94 58 -38%

RCT 212 198 -7%
Fatal

ICT 214 211 -2%

Another legal issue that affects TIM performance is fatality certification. In the case of incidents that
involve fatalities, many states require that the death be certified by a coroner or medical examiner prior
to moving the victim. Waiting at the roadside for a fatality pronouncement can significantly extend
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roadway and incident clearance times. A traffic fatality certification law or policy addresses the removal
of a fatality from the incident scene. This allows an effective quick clearance initiative by permitting the
temporary removal of the deceased from a highway traveled way (Wallace 2006). An alternative
approach is to allow a designated EMS unit to certify death. This allows the victim to be located to a
better, safer refuge in the interest of both the victim and the public (Carson 2010). These policies can
significantly reduce clearance times in major incidents, and their use should be understood and
documented.

In suburban or rural areas where resources are limited, mutual aid agreements are often used to
provide additional or specialized resources. These agreements allow other governmental agencies and
entities outside of the jurisdiction to provide assistance in TIM. A formal agreement is often needed to
provide this mutual aid and in some instances legal framework for these agreements is needed. Once in
place, the mutual aid agreements, often in the form of a memorandum of understanding (MOU),
provide the framework for incident operations and define responder roles and responsibilities. This
framework helps to keep everyone involved in incident response informed, especially when a response
plan grows in complexity or is influenced by external factors. TIM becomes a cooperative and
collaborative effort between multiple agencies and entities with a solid foundation of trust. Participants
in the process know and understand their roles and responsibilities (Birenbaum 2009).

A good example of this kind of cooperative and collaborative effort is found in the state of Washington.
In 2002, the Washington State Department of Transportation (WSDOT), the Washington State Patrol
(WSP), and the Washington Fire Chief (WFC) developed a Joint Operations Policy Statement (JOPS), an
agreement that formalized each agency’s role and responsibilities for freeway operations, including
incident response. In 2006, the Washington governor’s office directed the agencies to collaborate on
performance monitoring and accountability goals related to incident response and traffic incident
clearance times. The agencies used the JOPS agreement to enhance their collaborative relationship, to
refine performance measures, and to identify strategies that would support meeting objectives.
Through the JOPS agreement, the agencies were able to document new programs and policies that were
designed to improve incident response and decrease incident clearance times (Transportation Research
Board 2011).

A common institutional challenge for TIM programs and the implementation of TIM performance
measures is lack of acceptance by participating agencies and their executive decision makers.
Exchanging data with other agencies may be a new practice for an agency, and managers often need to
be convinced that this is beneficial to their agency. What data are exchanged, who has access to the
data, and how the data are used also may be of concern. This is particularly true with respect to data
that may be needed for criminal investigations that arise from an incident. Data exchange often
involves legacy system modifications. Again, the key issue is convincing managers to invest resources
(Owens 2009). Successful strategies for overcoming the institutional challenges often lie in developing
cooperative relationships between all of the involved agencies. A successful cooperative relationship
should include developing MOUs that define roles, responsibilities, and cost-sharing agreements. The
MOU can also be an effective tool for addressing data exchange issues, identifying areas or
improvement and establishing working groups among the agencies (Owens 2009; Birenbaum 2009).
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CHAPTER 9: GUIDANCE INTERVIEWS

As part of the guidance preparation, telephone interviews were conducted with various agencies across
the country engaged in TIM activities. The agencies encompassed a wide range of capabilities in TIM,
with some just starting out and others on the forefront of TIM program assessment. The interviews
conducted in support of this guidance were not based on detailed questionnaires, but rather focused on
a few key characteristics of TIM data collection and reporting to help refine the information in the
literature.

The information resulting from the interviews is primarily integrated into the previous sections and in
fact helped shaped the presentation of the guidance material. Call-outs boxes and examples from the
interviews have been presented throughout the guidance.

The specific questions asked during the telephone interviews were:

1. What TIM performance measures are you using? — For this question, respondents were asked
specifically about RCT, ICT, and secondary incidents, as well as any other TIM performance
measures. Respondents were also asked if there was a statewide directive to report
performance measures, what was the consistency of the statewide reporting, and what was the
relationship with law enforcement in gathering and reporting TIM data.

2. Do you use qualifiers on your performance measures? — For this question, respondents were
asked if characteristics such as lane-blocking incidents only or DOT-notified incidents only were
used when reporting TIM performance measures.

3. Where does the data for your TIM performance measures come from? — For this question,
respondents were asked to identify if their data came from TMC logs only, law enforcement, or
other agencies or programs.

4. Do you share your performance measures or data with other organizations or entities? — For this
question, respondents were asked if sharing of performance measures or incident data
occurred, and if so, how and how often.

5. Do you report secondary incidents? — For this question, respondents were asked if they were
collecting data on secondary incidents, and if so, how the judgment related to the primary
incident was made.

6. What are the key items that make TIM work in your agency? — For this question, respondents
were asked for 2-3 key points that make TIM a success within their agency and/or region.

The interview summaries below are primarily a high-level overview of the agency and their TIM
program. The summaries are not intended to be a transcript of each conversation.

ARIZONA

Led by the Arizona Department of Public Safety (DPS), a multi-disciplinary traffic incident management
partnership was created in 2010. The partnership, known as the AZTech™ TIM Coalition, includes state
and local police, fire agencies, state and local transportation agencies, metropolitan planning offices,
and towing companies in the Phoenix metropolitan region. The main goal of this coalition is to share
ideas, lessons learned, best practices and knowledge that will foster regional incident management
(Maricopa County DOT). Around this same time, Arizona began adjusting the focus of TIM attention and
quick clearance to all incidents regardless of how small the incidents were. By applying TIM strategies to
all incidents, they found that they reduced the duration of primary incidents, thereby reducing the
probability of secondary crashes. It was estimated that every minute of reduction could result in a
potential 2.8 percent reduction in secondary crashes (Karlaftis 1999).

42 |Page



In Arizona the data for TIM is collected by the Arizona DPS. The DPS aims to collect data to calculate the
following TIM performance measures:

e Number of crashes verses number of incidents (e.g., disabled vehicle).

e Roadway clearance time.

e Incident clearance time.

e Secondary crashes.

e Number of secondary crashes that are secondary to a crash versus the number of secondary
crashes that are secondary to some other type of incident.

e Number of secondary crashes involving a first responder.

e Arizona defines roadway clearance time as the time it takes for, “a blockage to be cleared from
the traveled lane,” while incident clearance time is defined as, “when the police officer is no
longer a distraction to the main lane traffic.” The Arizona DPS also collects data on secondary
incidents (specifically, secondary crashes). One important definition regarding the
documentation of secondary crashes is, “what constitutes an original incident?” Arizona defines
an original incident as any circumstance related to a traffic backup or a change in traffic flow
that plays a role in distracting the driver or a causation of a collision. An original incident could
be a crash, disabled motorist, vehicle on the side of the road, or other unusual circumstance. If
the queue or change in traffic flow is a normal every day circumstance, then a crash is not
considered a secondary crash.

During calendar year 2011,
Arizona DPS had a secondary
crash rate of approximately 6
percent, and those crashes
involved 54 first responders
(Arizona DOT 2012). One of
the major reasons for
emphasis on secondary
crashes is the severity of the
secondary crash and safety.
As of 2012, the Arizona DPS
had lost 28 officers to
roadway incidents. Fifteen of

those fatalities were traffic
related incidents, and of Source: Arizona Department of Public Safety

those, 11 were involved in
secondary crashes (Arizona DOT 2012).

The approach taken in Arizona is to collect data on TIM performance in the field. Therefore, data to
measure TIM performance is collected by the DPS officer at the crash scene. The Arizona DOT is the
repository for the crash data and controls what is on the ADOT crash form. ADOT provides two ways for
agencies to report crash data — a traditional paper form and an electronic crash form available via
Arizona’s Traffic and Criminal Software (TraCS) license, which ADOT provides at no cost to the law
enforcement agencies. The benefit of the electronic crash form is that there is no data entry after the
fact and the data is cleaner due to validation rules built into the form and TraCS itself.

When the electronic form was developed, Arizona DOT decided to provide 15 blank fields that could be
assigned for use by the individual agencies, and it was in these blank fields where the DPS put the TIM
performance measures in 2010 for the Phoenix metropolitan area. The electronic form was rolled out to
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the rural areas in 2011. While not all areas in the state use the electronic crash form, it is still
mandatory to collect data to calculate the three national TIM performance measures (RCT, ICT, and
secondary crashes) using the traditional paper form.

When an officer arrives on the scene he/she records the on-scene arrival time. The officer then works
to determine the incident start time and records that time using a mobile computer. The mobile
computers, in many case a handheld tablet, are used for both reporting and issuing e-citations. The DPS
has found that the use of these devices improves efficiency and reduces time on the roadside. They
have also found that providing the officers the means of recording data reduces data error rates by
eliminating transcription of hand written reports (Arizona DOT 2012).

To date, Arizona’s focus has been on measuring and quantifying TIM performance for crashes, refining
validation rules to clean the data, and rolling out the SHRP2 TIM training. While Arizona has not yet
examined TIM performance for all incident types, the assumption has been that strategies identified for
crashes will also apply to other types of incidents. The Arizona DPS publishes quarterly TIM reports
through its strategic plan.

See pages 12,13, 22, 40, 87, and 108 for more information and details on the TIM performance
measures practices in Arizona.

VIRGINIA

Since August 2008, the Virginia Department of Transportation (VDOT) has been collecting traffic incident
management data and storing that data in a database known as VaTraffic. The data are then extracted
from the database into analytical software for analysis and performance measure reporting. There are
two primary sources of data that feed the VaTraffic database:

e Data received and directly entered by VDOT's regional traffic operations centers (TOC).
e Data from the Virginia State Police (VSP) and local law enforcement computer aided dispatch
(CAD) systems.

Traffic incident information is available to VDOT’s TOCs from a variety of ITS devices, including roadway
sensors and CCTV cameras. TOC operators enter into the system as much information and details about
the incident that is available to them. This information can be derived from viewing the incident on the
CCTV cameras, via direct communication from VDOT’s Safety Service Patrol (SSP) personnel on the
scene, and local VDOT employees deployed to the scene for traffic control and incident management
purposes. Traffic incident information is also available via the VSP CAD system and 10 local/county law
enforcement agencies via their local/regional Public Safety Answering Points (PSAP), which exchange
data with the ATMS software at each of VDOT's regional TOCs.

While VDOT’s focus has been on reporting performance measures related to incidents on interstate
highways, some limited incident information is captured from primary routes (e.g., state highways) and
arterial streets. In other cases, local police may call VDOT and/or VSP for assistance for incidents
occurring on primary routes. When VDOT and/or VSP personnel are at the scene of the incident, they
can report incident and traffic information for these incidents as well.

Using the information gathered via the TOCs, the VSP CAD system, and VDOT personnel at the scene,
VDOT is able to capture data on approximately 92 percent of the incidents that occur on the interstate
highways statewide (there are a few rural areas without many ITS devices, which brings the overall
percentage down). With the addition of data from the local/regional PSAP integrations, VDOT is
currently able to capture data for about a quarter of the incidents on primary and arterial routes
statewide.
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VDOT captures a wide range of incident data, most of which are input as data elements in the VaTraffic
database. These data elements include, but certainly are not limited to the following:

e Incident location and type. e Hazmat vehicle.
e Roadway name and direction of travel. e Hazmat or cargo spill.
e Incident start time, time all lanes e Spilled material.
cleared, time scene cleared, and time e Number of miles traffic is delayed.

event cleared.
e Number of vehicles involved.
e Total number of lanes. Agencies on scene.
e Closures by lane. If state employee, property, or vehicle
e If the incident occurred in a work zone. was involved in the incident.
e Number of injuries and fatalities.

Degree to which traffic is delayed.
Traffic impact severity.

VDOT does not collect weather data unless there is a weather event; however, weather-related data are
captured on the crash form, but the information on the crash forms does not feed into the VaTraffic
database.

VDOT uses these data to analyze TIM performance statewide, regionally, and by district/jurisdiction.
VDOT considers TIM performance differently and separately for metropolitan areas versus rural areas.
VDOT also looks at TIM performance by corridor (e.g., I-95, 1-81), as well as separately by direction of
travel.

VDOT analyzes and can report on a wide variety of TIM performance measures, including, but not
limited to the following:

e Total number of incidents. Crash hot spots by incident type.

o Number of incidents and number of e Incident duration when SSP responded:
incidents by location, type, time of day, and O Average SSP response time.
district. 0 Average time from arrival on scene to
e Number of incidents by priority (minor, major, clearance.
high profile) (auto-generated by the VaTraffic 0 Average incident clearance time.
database based on information entered by e Percentage of incidents cleared by time
user). category (<30 min, 30-60 min, 60-90 min,
e Total number of SSP responses and SSP >90 min).
responses by incident type and roadway. e Percentage of incidents >30 min.
o Number of lane closures. e Percentage of incidents >60 min.
e Number of incidents involving tractor-trailer e Percentage of incidents >120 min.
trucks. e Top 3 crashes with longest duration.

Using this information, VDOT offices can produce weekly and quarterly performance reports on regional
traffic incident management. Weekly reports are typically a few pages, while quarterly reports contain
significantly more information and detail. In addition to the weekly and quarterly performance reports,
VDOT has a web-based performance dashboard, as well previously presented and discussed.
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VDOT uses the TIM performance
information for a wide range of strategic
and tactical decisions. One example was
the use of the performance information to
deploy resources differently. VDOT
determined that there were a number of
incidents with longer event durations
occurring in a rural area at the tail end of
one of the SSP routes. As a result, VDOT
adjusted the SSP route to obtain more
coverage in this area on a regular basis, as
opposed to having to pull resources from
farther locations to cover these incidents.

VDOT is currently in the process of
expanding and standardizing its incident
performance measurement program and
updating the public facing dashboard. As
such, VDOT is asking for feedback from its
regional offices. As has been previously
stated, VDOT is also working towards
developing real-time analysis tools and
reporting capabilities for the TIM program
(e.g., showing current impacts of an
incident, consequences of extended lane
closures, congestion impacts, detour
options), to aid in the decision making
process.

See pages 25,26,29-32, and 100-101 for
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more information and details on the TIM performance measures practices in Virginia.

LAS VEGAS, NEVADA

Nevada launched a unified TIM program in 2008. Nevada’s TIM program is a partnership of agencies
and organizations that works together with the goal of reducing clearance times and secondary
incidents. The state is divided into three TIM coalitions: northern urban, southern urban and statewide.
The northern and southern coalitions focus primarily on urban issues. The statewide coalition was
formed in 2012 to address TIM issues in rural areas of the state. Unique challenges faced by rural areas
include the response time to incidents that occur in remote locations, wildfires, and the availability of
resources (FHWA “Traffic Incident Management”).

In the southern urban area, including and surrounding Las Vegas, incidents are tracked at the Southern
Nevada’s Freeway and Arterial System of Transportation (FAST) center. FAST monitors and maintains
traffic incident cameras and helps provide travel information to dynamic message signs (DMS) along
freeways throughout the Las Vegas area. Currently the majority of the incidents are reported through

TMC operations and 911 dispatches.

FAST records and reports several TIM performance measures, including: time of vehicle removal to the
shoulder (essentially roadway clearance time), number of incidents, number of incidents managed,
number of incidents on the shoulder in 10 minutes or less, number of incidents that block two or more
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lanes, number of remaining incidents, travel time, and secondary incidents. Secondary incidents
account for 22 percent of all incidents. Data for TIM are shared in a monthly report to the operational
and management committee for TIM as well as to the Nevada Department of Transportation (NDOT).
The FAST center also allows the public to access real-time information through an interactive on-online
dashboard and real-time traffic camera website.
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See pages 17-18, 38, and 62-63 for more information and details on the TIM performance measures
practices in Las Vegas.

FLORIDA

In Florida, the statewide TIM Program, which was formalized in 2000, is run by the Florida DOT and is
organized by FDOT districts. FDOT defines a traffic incident as any non-recurrent event, such as a vehicle
crash, vehicle breakdown, or other special event that causes a reduction in highway capacity and/or an
increase in demand. There are active TIM teams in all of the FDOT districts. These teams consist of
representatives from responding agencies, towing companies, and other contract service providers. The
district TIM teams review past response actions and explore ways that incident management can be
improved on the highways they serve.

FDOT has taken the lead in reporting TIM performance measures in the state. Each FDOT district has a
TMC, and the TMCs are a key component of TIM program operations as well as TIM performance tracking
and reporting. Florida’s definitions for RCT, ICT, and secondary incidents are consistent with the national
definitions. The Florida Highway Patrol (FHP) is dedicated to supporting FDOT’s efforts through the
practice of sound TIM principles and the collection of data to support performance measurement.
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Specifically, the FHP works to reduce RCTs by removing vehicles and debris from the travel lanes as soon
as possible, calling wreckers quickly with specific information about the vehicles involved, and using push
bumpers to clear damaged or disabled vehicles from the travel lanes. To reduce ICTs, FHP works to move
all vehicles from the roadway to a nearby ramp location or parking lot. To reduce secondary incidents,
FHP works to clear the scene quickly, makes use of emergency lighting and position vehicles to warn
approaching motorists, and uses cones and other traffic control to direct drivers.

The Florida Highway Patrol (FHP) accounts for one-third of the crash reports statewide and supports the
collection of TIM performance measure during crash reporting. The FHP uses a mobile crash report
application in the field that allows for the collection of data necessary to calculate the three national
TIM performance measures. As a note, there is an ongoing discussion in Florida regarding the crash-to-
crash relationships of secondary incidents (Florida DOT 2006).

One integral part of the
TIM team is the Florida
Road Ranger service patrol.
Initially the Road Rangers
were used to manage
vehicle incidents in
construction zones. The
program has since
expanded to cover all types
of incident responses and
has become one of the
most effective elements of
Florida’s TIM Program.
Road Rangers provide a direct service to motorists by quickly clearing minor incidents from travel lanes
in close coordination with the FHP and other law enforcement agencies (Florida DOT 2013).

As for reporting the TIM performance measures, some FDOT districts report TIM data in quarterly
reports, while other districts post the data online as part of the TMC website. In the Fort Lauderdale
area real-time incident performance measures are displayed internally on the video wall at the TMC, as
was previously noted.

See pages 7-8, 10, 2-210, 29-30, and 33 for more information and details on the TIM performance
measures practices in Florida.

NEW JERSEY

The New Jersey State Police (NJSP) and the New Jersey Department of Transportation (NJDOT) formed a
partnership for incident management in 1996. A major incident in February 2001, which involved multiple
vehicles and injuries and closed a major regional corridor (New Jersey State Highway 42) for 10 hours in
both directions, was the impetus for the later formation of an Incident Management Task Force (IMTF).

The Delaware Valley Regional Planning Commission (DVRPC) is the master planning organization for a 9-
county region that includes Pennsylvania and New Jersey. Currently DVRPC has established 8 corridor-
based IMTFs. The New Jersey IMTF, known as the Southern Area First Responders Group (SAFR), was
formed in 2002. The corridors in which SAFR responds include the State Highway 42/55 corridor, the I-
676/76 corridor, and the 1-295 corridor. Each IMTF meets on a quarterly basis, and all incident
management strategies are integrated into the DVRPC planning process, including: the long range plan,
the Transportation Operations Master Plan, and the Congestion Management Process. Although the

48 |Page



IMFTs are not region-wide, the purpose is to coordinate incident management response and foster
agency interaction on specific, high-visibility road corridors (McMahon 2013).

The New Jersey TIM
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Incident information from the traffic operations centers is used to produce traffic operations monthly
reports on the incident management program. The reports provide a range of performance measures,
including incident duration, number of incidents lasing 90 minutes or less, number of incidents lasting
more than 90 minutes. These reports also provide a breakdown of average incident duration by various
categories, including motor vehicle incidents, commercial vehicles, spills (hazmat and non-hazmat), and
emergency roadway. The reports also provide the average duration and year-to-date average duration
for incidents by major highway. In addition to reporting average duration, an indication as to the
monthly and yearly trends are provided through the use of colored arrows.

Source: NJDOT Statewide Traffic Operations, Traffic Operations Monthly
Report, May 2013

NJDOT shares its performance measures with the state police, the transportation commissioner and
staff, as well as the public via presentations, the governor’s dashboard, and FHWA.

Average Incident Duration on Interstates, by Roadway
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Source: NJDOT Statewide Traffic Operations, Traffic Operations Monthly Report, May 2013
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HUDSON VALLEY, NEW YORK

New York is a home rule state, which means that local jurisdictions have primary control, particularly as
it relates to emergency and incident management. In 2008, the New York State Department of
Transportation (NYSDOT) formed the New York State (NYS) TIM Steering Committee. The NYS TIM
Steering Committee consists of members of various New York State agencies that represent incident
responders and some private entities that have a vested interest in TIM. The primary goal of the
committee is to create a standard TIM program that can be implemented statewide (New York DOT
“Traffic Incident Management in New York State”). This committee has developed guidelines to help
responders develop TIM programs in their jurisdictions.

As a means of collecting data for roadway clearance time and incident clearance time, the NYSDOT
provided funding to provide the Hudson Valley Highway Emergency Local Patrol (HELP) with computer
aided devices to record incident information. HELP is a freeway service patrol that assists stranded
motorists and vehicles. When HELP personnel arrive to assist a stranded motorist, they are able to input
data and information regarding the incident. These data can then be cross-referenced to NYSDOT
operator logs. The use of same system by various agencies makes data easier to access and evaluate.

Several studies of the HELP program, primarily in the Hudson Valley, provide insight into the
effectiveness of the program in reducing incident duration. A study by Garmen Associates (2000) in
1999 reviewed incident data from police records in an attempt to measure incident duration with and
without HELP service. Using these data a rate of occurrence was developed for each incident type per
million miles traveled. The study found that incident clearance times for incidents involving lane
blockage(s) was significantly reduced with the HELP program (Hudson Valley Transportation
Management Center).

Bridge strikes, which often occur on the state parkway system, are an issue facing New York that can be
addressed using TIM strategies. Bridge strikes, caused by wayward trucks hitting overpasses, are
nonrecurring incidents that require special efforts. As a result, a multi-jurisdictional task force was
formed to address the issue. The task force includes the NYSDOT, NYS Police, Westchester County
Police Department, the NYC DOT, NYC law enforcement, the City University of New York, the State of
Connecticut, the NYC Metropolitan Transportation Authority, the 1-95 Corridor Coalition, and other
agencies (New York State DOT 2013).

NEW HAMPSHIRE

In New Hampshire, TIM is linked to the state’s TMC and ITS Plan. In addition to the TMC, one of the
focal points for TIM in New Hampshire is Interstate 93. As part of the rebuilding process for 1-93, a TIM
Plan was published in 2005. This effort was led by the New Hampshire Department of Transportation
(NHDOT). The plan includes a technical advisory committee, as well as a committee of stakeholders.
The goals of the I-93 corridor plan were to minimize the impact of incidents, improve safety, reduce
secondary incidents, foster inter-agency cooperation, and establish a sustainable TIM program (Edwards
2005).

The New Hampshire TMC, which began operating in 2007, is an integral part of the plan. The TMC
operators are responsible for receiving and disseminating incident information by recording the data
received from responders, documenting incident activity, activating any additional required response for
incidents, and updating information in the advanced traffic management software system that then
pushes data to the state’s traveler information system, 511NH.

NHDOT'’s freeway service patrol responds to incidents, breakdowns, and road debris, and data are also
recorded by freeway service patrol personnel on I-93 and I-95. These employees provide data to the
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TMC operators about their service calls and record the time, location, and type of call (New Hampshire
DOT).

The New Hampshire State Police also contacts the TMC with information on incidents. A NHDOT box has
been added to the state police form, and police dispatchers are receiving training to contact the TMC
with information on incidents.

At this time, information on secondary incidents is not recorded. TIM data are shared on a quarterly
basis with police, responders, and the NHDOT.

PENNSYLVANIA

Incident management in Pennsylvania is organized by regional entities, which include the Delaware
Valley Regional Planning Commission (DVRPC) and the Southwestern Pennsylvania Commission (SPC).

The DVRPC encompasses a 9-county area in the Greater Philadelphia Area. There are five counties in
Pennsylvania and four counties in New Jersey. There are currently incident management task forces in
all five Pennsylvania counties. The IMTFs address the following corridors (Delaware Valley Regional
Planning Commission).

e 195, 1-76, and I-676 (Philadelphia IMTF).
e 195 and I-476 (Delaware County IMTF).
e US 30 Bypass (Chester County IMTF).

e 1-95and US 1 (Bucks County IMTF).

e PA309 IMTF.

o US422 IMTF.

e US202IMTF.

As previously noted, another one of the regional entities deploying TIM in Pennsylvania is the SPC, which
is the regional planning agency for the 10-county area around Pittsburgh. The TIM program utilizes a
team concept addressing incident management by corridor. There are currently two local teams in the
SPC region, the 1-79/1-76 team and the Airport Corridor Team. The teams meet quarterly with a goal of
improving interagency traffic incident management through collaboration and communications
(Southwestern Pennsylvania Commission).

The TIM program in the SPC groups the roads with a concept of highway priorities as the beginning
structure. They look as roads that by average daily traffic (ADT), limited and non-limited access, as well
as the National Highway System classification. The main mission for the TIM program is to keep people
and goods moving safely and efficiently. Currently, the only actual incident management measure used
is a 90-minute clearance time target for all incidents.

KEY POINTS FOR TIM PROGRAM SUCCESS

In summary, a number of key points for excellence in TIM programs emerged from the agency
interviews. These key points include:

e Focus on all incidents, not just major incidents or those involving fatalities. Apply TIM strategies
to all incidents, because BIG incidents happen infrequently.

e The DOT and the state police should be joined at the hip on TIM.

e Data mining software and expertise is essential to understand how to continually focus and
improve TIM program and strategies.

e The executive level must be engaged —to sell TIM, use a 1-2 page summary with executive
talking points.
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Use a single point of entry for all data.

Many DOT personnel feel that co-location with the state police is absolutely key to successful
TIM programs. Data sharing is also essential and a first step. Co-location can help with joint
dispatch and more effective TIM strategies.

Use of a TMC dashboard to allow operators to see and visualize the information, beyond just
data entry into a database.

TIM performance measures suffer when there is no active focus on TIM and no field operational
units (e.g. freeway service patrol).

Training is key. What is a secondary incident? What is quick clearance? What is the result of
implementing quick clearance?

Focus on saving the lives of first responders.

Involve the media in the TIM program.

For effective data sharing, when CAD data are not available, the state police must pass along all
incidents to the DOT, no matter how minor the incident.

For success, make TIM uncomplicated, invaluable, and applicable to everyone.

Look deeper into performance measures, and relate the measures to traffic volumes and travel
times. Get the deeper picture.
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CHAPTER 10: A MODEL DATABASE FOR TIM PERFORMANCE
MEASUREMENT

Performance measurement is the use of statistical evidence to determine progress towards specific,
defined organizational objectives. The systematic, ongoing performance measurement process involves
collecting and analyzing data to determine if these organizational objectives have been met and then
reporting the findings internally, as well as to stakeholders and customers. To this point, the guidance
has focused on the benefits and challenges of TIM performance measurement, the three national TIM
performance measures, the importance and benefits of using incident data to put the performance
measures into context as a way of further understanding performance, and sources of TIM performance
measurement data.

As may have has become apparent throughout this guidance, the analysis of TIM performance can
require a lot of incident-related data, which may come from various data sources. This chapter of the
guidance provides further direction on the organization, use, and analysis of these data using a
relational database. A relational database is a structured set of data that recognizes relationships
between data elements, or individual items of information. Internal to the database, these data
elements are arranged in tables. One table may contain information about the vehicles involved in an
incident, while another table may contain information about the weather conditions at the time of the
incident. The relationship between these tables and the elements they contain provides unique
capabilities for searching, aggregating, and reporting on vast amounts of incidents. This is the overall
goal of TIM incident management reporting—understanding how the TIM program is operating and
being able to see the trends in the data.

The creation and operation of a database used to be a task best left to highly skilled information
technology professionals. Database development and usage was time consuming, challenging, and
expensive for the average agency. Over the past several years, however, substantial progress has been
made on all these fronts. Databases do not have to be expensive. In fact, many are free and open-
source, which has allowed many agencies to gain significant insight into their data by creating and
populating databases.

It is the conviction of this guidance that having TIM data organized in a standard way in a relational
database will drive the collection of TIM performance data; provide a centralized repository for the data;
and facilitate the analysis, reporting, and comparison of TIM performance data not only internal to an
agency, but across agencies and regions. As many agencies have begun only recently to collect and
analyze TIM performance data, it is timely and opportune to provide guidance on the implementation
and use of a TIM performance measurement database for data analysis and reporting. The ultimate
goal of developing a TIM performance measures database is to provide a mechanism for analyzing TIM
program performance to demonstrate transparency, provide program justification, and determine
future improvements and strategies.

This chapter of the guidance provides a framework for developing a TIM performance measurement
relational database. This framework is intended to be downloaded, implemented, and used by agencies
as a starting point for their TIM performance measurement database or as supplemental and supporting
information to an existing TIM database.

The framework includes the following:

e Alist of data elements pertaining to TIM performance measurement.
e A database schema that logically groups individual data elements into related areas.
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e A database script that can be used to generate a database using the schema presented in this
guidance.

e A database script that can be used to populate the database look-up tables with values (e.g., all
of the roadways in an area where TIM activities are tracked).

After presenting the data elements and the database schema and discussing how to create the database
and populate the look-up tables, options for populating the database with incident data are presented
and discussed.

Finally, applications of the database are illustrated through example organizational objectives and
associated database scripts that might be of interest to agencies. These applications include a presentation
of the database outputs, along with more appealing visualizations of the data using various graphics.

The products of this guidance are intended to be used by an agency to download and apply to a
database software package to quickly generate a TIM performance measurement database. In order to
accomplish this objective, the database, scripts, data, and illustrations from this model TIM performance
measurement database were built and tested on a live product. MySQL was chosen as the development
platform due to its open-source background, cost to agencies, and ability to integrate with numerous
other products in the database marketplace. An accompanying tool, Navicat, was used to create the
schema and produce the visual display of the relationships between the data elements. The database
scripts were developed using Structured Query Language (SQL), a standard database language for
managing data in a relational database. It should be noted that agencies could choose to take these
concepts and apply them to their own database software, although some slight modifications of the
scripts would likely be necessary.

GENERAL TERMINOLOGY ASSOCIATED WITH DATABASE MODELS

This section describes how to construct an actual working database for TIM performance measurement.
The associated terminology is important to understand, primarily so that readers can follow the steps
necessary to apply the guidance internally within their own agency. Generically speaking, a database is
an organized collection of data. The data in a database are a collection of numerous individual and basic
pieces of information. Each individual piece of information is called a data element. In the context of
TIM, data elements associated with an incident include items such as the date, time, severity, weather
conditions, etc.

A database is generally built using a data model, which logically structures the individual data elements
according to what they describe or do. Data are organized in tables, and data elements grouped in
tables usually have a readily apparent relationship to each other. A database schema is a plan or design
of how a database is constructed and how the data elements are arranged in the tables. Much like a
blueprint, a database schema is largely a visual representation of the database for the designer and for
anyone looking to understand the relationship between data elements. Lastly, a database scriptis a
stored sequence of instructions that is used to accomplish a repeated task. A script can be used to
create the structure of a database, populate a database with data from data files, interrogate a database
based on a set of parameters, or perform many other tasks. While there are many other terms
associated with databases, these are the main terms used within this guidance.

MODEL DATABASE SCHEMA FOR TIM PERFORMANCE MEASUREMENT

The guidance has previously identified and discussed the data necessary for the calculation of TIM
performance measures. In order to organize and transform these data as elements in a database that
can be used to support TIM performance measurement, a database schema was developed. This
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schema is shown in Figure 12. This schema incorporates data elements critical to the basic calculation of
three national TIM performance measures (RCT, ICT, and secondary incidents); data elements that will
allow for the calculation of other TIM performance measures that might also be on interest to an agency
(incident detection time, incident verification time, and incident response time); and data elements that
will allow analysts to put the performance measures into context by drilling down into the data for a
finer analysis of TIM performance (e.g., what is the ICT for major freeway incidents that occur in work
zones). All of the data elements contained in the schema are listed below. In parentheses following
each data element is the actual name assigned to the data element inside the database.

Data elements describing the incident timeline, conditions, and severity:
e Date of incident (incident_date)
e Description of incident (description)
e Time of first recordable awareness of an incident by a responsible agency
(incident_first_recordable_awareness)
e Time incident verified (incident_verified)
e Time first response dispatched (first_response_dispatched)
e Time first response arrived (first_response_arrived)
e Time of first confirmation that all are lanes available for traffic flow (all_lanes_opened)
e Time at which last responder has left incident scene (last_respondent_departed)
e Time normal flow returns (normal_flow_returned)
e Occurrence of secondary incident(s) (parent_incident_id)
¢ Incident type (incident_type_id)
e Incident severity (severity type)
e Weather conditions (weather_type)
e Lighting conditions (lighting_type)

Data elements describing the roadway and location of incident:
e Roadway name (name)
e Roadway type (roadway_type)
e Roadway direction (direction)
e Roadway location (locationvalue)
e Incident location reference type (location_type)
e Surface condition (surface_condition)
e Work zone (workzone)

Data elements describing lanes involved in incident:
e lanes involved (lanes_involved)
e Total roadway lanes at scene (total_lanes_at_scene)
e Closing and opening of each lane involved (lane_number, time_closed, time_open)

Data elements describing the vehicles involved in the incident:
e Number of vehicles involved (number_vehicles)
e Heavy vehicle (heavy_vehicle_involved)
e Hazmat vehicle (hazmat_involved)

Data elements describing the participants involved in the incident:
e Number of participants involved (participants_count, id)
e Number of injuries and injury type (pdo, serious_injuries, minor_injuries, fatalities)
e Participant types (participant_type)
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e Injury incident (injury)

Data elements describing the emergency responders and vehicles:
e Responders involved (number_people, id, time_on_scene, time_off_scene)
e Response vehicle type, arrival, and departure (number_vehicles, type, time_on_scene,
time_off_scene)
e Response organization (organization_type)

This schema is presented as an industry standard Extended (or Enhanced) Entity-Relationship (EER)
diagram. EER diagrams are simply a way to model the data and the relationships between the different
data elements using standard symbols. While a schema is critical for the construction aspect of the
database, it has little use for the end-user. In fact, schema diagrams can be difficult to understand as
they can express complex attributes of the data.

At a high level, the model TIM performance measurement database schema shown in Figure 12 revolves
around an INCIDENT. For each INCIDENT, there are relationships to the other data elements in the
database model. For example, there are data elements associated with CONDITIONS, SEVERITY TYPE,
and INCIDENT TYPE, and these data elements help describe an incident. There are also data elements
associated with the four “actors” in an INCIDENT, and these actors have their own tables in the schema:
the ROADWAY, the PARTICIPANTS, the VEHICLES, and the RESPONDENTS. These tables contain data
elements that describe the actors (e.g., name of the roadway, number of participants, whether a heavy
vehicle was involved). In some cases, these tables are linked to extended tables, which contain
additional data elements that provide more details about an incident.
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Figure 12. Model TIM Database Schema
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CREATING A PHYSICAL DATABASE FROM THE SCHEMA

The database schema is simply a map of the database; therefore a physical database needs to be
created using this map. One of the easiest ways to create a physical database from a schema is through
an SQL script (a representation of the schema) that “builds” database tables based on the schema-
defined rules and restrictions. To assist agencies in getting started on collecting TIM performance data,
an SQL script that translates the schema into an empty database is available for download and use as
part of this guidance (see Appendix A). While SQL is a standard language that most databases
understand, there is no one SQL script that will create all databases. Therefore, slight modifications may
need to be made to the script depending on the database in use.

Once the script is used to generate the data tables, another script is needed to populate the lookup
tables. Lookup tables store all of the possible values for a given data element so that these values do
not have to be entered each time a record is created. Consequently, the user simply selects the value
from a list of possible choices rather than entering the information in free form. As an example, there
may be more than one way to refer to a particular roadway (by name, by state route number, or even
abbreviations). In a roadway name lookup table, all roadways in a coverage area would already be
entered into the lookup table for the user to choose from. As such, lookup tables help keep the data
consistent across records. The script for populating the look-up tables with static data is also available
for download and use (see Appendix B).

Table 3 provides the name and a description of each data table in the model TIM performance
measurement database, including the lookup tables and the prepopulated values for these data
elements. Although differences in nomenclature do exist between response agencies, to the extent
possible, the data elements and prepopulated values in the lookup tables are described using common
nomenclature. Appendix C provides a description of the attributes of each data element identified in
the model TIM performance measurement database.

Agencies should not be concerned if they do not (or will not) have access to data to populate all fields in
the database, or if there are not enough data elements/attributes defined in the database to match
existing data. In most cases, agencies may find that they do not have the ability to report all data
elements in the model TIM performance measurement database for all incidents. The database was
designed so that most of the data elements are null-able, meaning that these fields can be left empty
without any consequences on the storage of the data. Where it will affect the agency is in its ability to
run specific queries. If a key piece of information is missing in the database, say when the incident was
first reported or when the roadway was cleared, then the RCT cannot be calculated. If, on the other
hand, the agency does not have information on surface conditions, the TIM performance measures can
be calculated, they just cannot be analyzed/reported by different surface conditions.

Alternatively, if more information is available to an agency than is in the model TIM performance
measurement database schema, data elements can be added to the schema, and queries can be created
to use these data elements. The database script available in Appendix B prepopulates the database
lookup tables with commonly occurring conditions, and in most cases these lists are not exhaustive. For
example, roadway surface conditions are prepopulated as: dry, wet, snow, and ice. In some cases, an
agency may find that these prepopulated values are not representative of or do not sufficiently capture
local conditions/data. These prepopulated values can be modified (e.g., values can be eliminated,
added, or re-defined). For example, in the “Organization” look-up table, the names or numbers of
different police or fire departments could be entered, as well as the names of the various private towing
companies that might respond to incidents. The database schema is flexible and requires little work to
adjust as needed. On the other hand, users should exercise some caution when modifying the schema,

58| Page



as the schema was designed with the idea that different agencies could all report the same data, with
the same definitions so that the data could be aggregated and/or compared across regions/states. If the
database is modified to a point where a field deviates from its original meaning, aggregation of the data
and/or comparisons may be more difficult or impossible to achieve.

Table 3. Model TIM Performance Measurement Data Dictionary

Table Name

INCIDENT

Table Description

The main table for the data required to calculate and represent TIM
performance. The other tables are used to support this incident table.

INCIDENT TYPE*

The list of incident types. The prepopulated incident types include: crash,
vehicle fire, disabled vehicle, out of fuel, debris, and other.

The severity of the incident. The prepopulated severity types include: minor,

SEVERITY TYPE* : . .
intermediate, and major.
CONDITIONS The .condltlons at the t|me. c?f the incident. Includes links to tables describing
lighting and weather conditions.
The lighting conditions at the time of the incident. The prepopulated lighting
LIGHTING* g . .
conditions include: dawn, daylight, dusk, and dark.
The weather conditions at the time of the incident. The prepopulated weather
WEATHER* conditions include: clear, cloudy, drizzle, rain, freezing rain, sleet or hail, snow,

and fog.

PARTICIPANTS

The number of people involved in the incident and the number of each type of
injury (if any).

PARTICIPANT

The ID of the participants.

PARTICIPANT TYPE*

The type of participant involved in the incident. The prepopulated participant
types include: driver, passenger, pedestrian, cyclist, first responder, and other.

The type of injury sustained. The prepopulated injury types include: none,

INJURY TYPE* . . .
minor, serious, fatality.
The characteristics/conditions of the roadway on which the incident occurred.
ROADWAY Includes links to tables describing location type, roadway type, roadway name,
location, direction, surface conditions, and lanes involved.
ROADWAY HAS Because the incident car.1 aff(.ect more than one roa.dway (e.g., an |ntersect|.on. of
two roadways or both directions of a roadway), this table allows the association
INCIDENT . -
of more than one roadway with an incident.
ROADWAY TYPE* The type of roadway on which the incident occurs. The prepopulated roadway

types include: freeway, arterial, and collector/distributor.

NAMED ROADWAY*

The names of all roadways in the reporting area. NOTE: no prepopulated values.
Needs to be populated with the names of local roadways in TIM coverage area.

LOCATION TYPE*

The way in which the location of the incident is referenced. The prepopulated
location types include: mile marker, cross street, and nearest ramp.

DIRECTION TYPE*

The roadway direction in which the incident occurs. The prepopulated direction
types include: northbound, southbound, eastbound, and westbound.

SURFACE The surface conditions of the roadway at the time of the incident. The
CONDITIONS* prepopulated surface conditions include: dry, wet, snow, and ice.
TOTAL LANES The total number of directional lanes at the incident scene and the lanes

involved in the incident.
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Table Name Table Description

The lanes that are involved in the incident. The prepopulated lanes include:
shoulder only; lane 1; lane 2; lane 3; lane 4; shoulder and lanel; lane 1 and lane
LANES INVOLVED* 2; lane 2 and lane 3; lane 3 and lane 4; shoulder, lane 1, and lane 2; lane 1, lane
2, and lane 3; lane 2, lane 3, and lane 4; shoulder, lane 1, lane 2, and lane 3; lane
1, lane 2, lane 3, and lane 4; all lanes.

For each lane involved, the lane number, the time the lane is closed, and the

LANE INVOLVED . .
time the lane is opened.

The number of vehicles involved in the incident and whether there was a heavy

VEHICLES vehicle or hazmat vehicle involved.

RESPONDENTS The'nu.mber of emergency responders and the number of emergency vehicles at
the incident.

RESPONDENT The ID of the respondent, the time the respondent arrives at the scene, and the
time the respondent leaves the scene.

RESPONDENT The type of respondent vehicle, the time the respondent vehicle arrives at the

VEHICLE scene, and the time the respondent vehicle leaves the scene.

The types of response vehicles at the incident. The prepopulated respondent
VEHICLE TYPE* vehicles include: towing, law enforcement, fire, EMS, medical examiner, and
transportation, freeway service patrol.

The organizations to which the respondent belongs. The prepopulated
organizations include: towing company, police department, fire department,
transportation organization, freeway service patrol, private organization, and
health department.

ORGANIZATION*

*Database look-up tables.

POPULATING THE MODEL TIM PERFORMANCE MEASUREMENT DATABASE

Once a physical database has been created, an agency can begin to enter data into the model TIM
performance measurement database. The database can be populated with incident data in a number of
ways, depending on where an agency is with respect to TIM performance measures data collection.
Generally, though, the data will be:

e Entered for each incident individually and/or
e Uploaded from an existing database/data source.

If an agency is just beginning to collect data on TIM performance, incident data will likely need to be
entered from scratch as incidents occur. Over a short period of time, however, the agency will have
enough data to begin running queries on the data to determine performance.

In this case, the agency will need to develop a front-end interface for the database that allows for
incident data to be entered into the database. Figure 13 is a simple example of what an initial screen of
a TIM performance measurement database might look like. This example shows the basic components
of an initial screen — a quick view of the most recent incidents that have occurred, as well as the option
of creating a new incident, searching for an incident or incidents, viewing incidents, or creating incident
reports. If a user wants to enter information about a new incident, the user would click “create new
incident,” which would take the user to a data entry screen. A basic example of what a data entry
screen might look like in shown in Figure 14. This screen allows the user to enter all of the data
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elements and information shown in the model TIM performance measurement database schema
diagram. As with the initial screen, an agency can create any design for the incident data entry screen.

Incident Tracking System

Latest Incidents

Crash - Interstate 1 NE 12M18/2013 7:50 AM
Crash - Elm Avenue 12/18/2013 6:58 AM
Out of Fuel - Interstate 1 NBE 12/18/2013 6:30 AM

Create New Inn:ident] [ Search Incidents l [ View Incidents l [Incident Reporting

Figure 13. Sample Initial Screen
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New Incident

Incident Name:

Incident Description:

Text

Incident Type: Crash —
Severity: Minor .
Secondary Incident? MNo Yes

If this is a secondary Incident, what was the Primary Incident?

Incident Names

Ak

Incident Date/Time: MM/DDAYYY & )| Time -
Reported Date/Time: MM/DDNYYYY 5 | Time =
Verification Date/Time: BV 0K s v
Response Dispatched Date/Time: MM/DDAYYYY S| Time =
Response Arrived Date/Time: MMDDYYYY 5| Time =
All Lanes Open Date/Time: MM/DDYYYY 2 Time =
Last Respondant Departed Date/Time:  MM/DD/YYYY 2 | Time b=
Mormal Flow Returned Date/Time: MMDDYYYY  + | Time =
l Add Roadway Information l l Add Vehicle Information l [Add Participant InForT'nationl
[ Add Weather Information ]
[ Save l [ Cancel ] [ Return to Home ]

Figure 14. Sample Data Entry Screen

An example of an actual incident entry screen used by the Freeway and Arterial System of
Transportation (FAST) traffic management center in Las Vegas, Nevada is shown in Figure 15. While
there are some differences, the incident data elements recorded by FAST operators are very similar to
the data elements in the model TIM performance measurement database presented in this guidance —
incident time stamp, incident type, corridor/roadway ID, location, lanes blocked, number of lanes,
severity, lane cleared, truck involved, secondary incident. Figure 16 shows the details in the pull-down
menus for “incident type,” “which lanes blocked,” and “severity” (look-up tables in the FAST database).
It can be seen from these pull-down menus that the definitions used by FAST differ somewhat than the
definitions used in the model TIM performance measurement database in this guidance; however, it is

easy to see how the definitions could be mapped and/or easily modified for consistent definitions or
comparison purposes.
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Figure 15. Example Incident Entry Screen from FAST (Used with permission.)
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Figure 16. Pull-Down Menu Options for Incident Entry — Las Vegas FAST (Used with permission.)
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The data used in a TIM performance measurement database does not necessarily only need to be
created from scratch in the new database. If an agency has already begun collecting TIM performance
data, or if data are available from another database (e.g., police CAD system), these data could be
extracted, transformed, and loaded into the TIM performance measurement database even if the data
are not organized or structured exactly like the TIM model database provided here. There are many
different ways in which data that previously have been collected could be imported into the TIM
performance measurement database. For example, the user could take previously collected data in an
Excel spreadsheet and map/convert the data contained in the file to take the form of one or more of the
TIM performance measurement database tables. Once the data are in the form of the TIM performance
measurement database table, the user could import that data directly into the database using a
standard import function that most database management systems have. If the data exist in a format
that is not easily mapped and converted into the form of the TIM database tables, a custom program
could be written in any language to further process the data in the current form and write it out either
directly to the database or other easily-imported format using the database management system. Once
the data extraction, mapping, and loading process(es) have been developed, these processes can be
used again and again to import new data sets using the same format, thus allowing instant access to
past data in the TIM performance measurement database.

The analysis of existing data, even if there are missing data elements within the database, could help an
agency get an idea of past/current performance and a base on which to build a TIM performance
measurement database that includes more data elements. Agencies could also use the knowledge
gained on TIM performance as a baseline for setting performance targets as they move forward with the
TIM performance measurement program.

In some cases, an agency may have (or have access to) an existing database that could provide some of
the data elements for the incidents. Therefore, for each incident, the agency would only need to input
some of the data elements, while the others could be added through uploading from the other
database(s). For example, the police department likely has much of the incident information from
crash/incident reports. Working together, the agencies could build a process of sharing and merging the
data to populate as many data elements in the model TIM performance measurement database as
possible. As was previously discussed, FAST reviews archived snapshots of incidents and the
surrounding roadways prior to reporting the 30-60-90 TIM performance to the Nevada DOT. This is an
excellent example of the use of existing/archived data for further populating the TIM performance
database.

It should be noted that data exchange and/or transformation from one system (database) to another
can be a complex undertaking and needs careful planning and oversight. As referenced earlier in the
guidance, a multi-agency task force can be used to examine the data availability, definitions, and sharing
capability and to develop the functional requirements for the data exchange that must be implemented
by information technology (IT) staff.

QUERYING THE DATABASE

Once the database is populated with data, an agency can begin using the database to analyze TIM
performance. This analysis is done through database queries. A database query is a request — basically a
qguestion the user asks the database — used to retrieve information from the database. This request is
written in a script language. Different query languages exist for different types of databases; however,
queries are usually constructed using SQL, a standardized query language for requesting information
from a database. Standard SQL allows a script to run on almost all relational database management
systems available with little to no modifications.
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An example database script written in SQL is shown here:

select count(*)
from Incident;

This simple script returns the total number of incidents in the database.

Another example database script is:

select count(*)
from Incidents
where parent_incident_id is null;

This script returns the number of primary incidents in the database.

Finally, the following database script asks the database to provide the percentage of secondary incidents
in the database (as a percentage of all incidents in the database).

select 100*(select count(*)

from incident i

where i.parent_incident_id is not null) /
(select count(*)

from incident i);

Later in the guidance, database queries are provided to illustrate a number of ways to use the model
database to answer questions that might be of interest to agencies regarding their TIM performance.

APPLICATION OF THE MODEL TIM PERFORMANCE MEASUREMENT DATABASE

This section of the guidance illustrates how to use the model TIM performance measurement database
to analyze TIM performance, both overall and at more disaggregate levels.

Analysis of Incident Data to Determine TIM Performance

Recall that performance measurement is the use of statistical evidence to determine progress towards
specific, measurable organizational objectives. Further, the systematic, ongoing performance
measurement process involves collecting and analyzing data to determine if these objectives have been
met and then reporting the findings to stakeholders and customers.

At the highest level, TIM performance objectives might include reducing regional roadway and incident
clearance times, reducing secondary incidents, and improving responder safety. An agency can use the
model TIM performance measurement database to measure and track these performance measures
over time. For example, the mean RCT for all incidents over the past month might be 45 minutes; the
median ICT for all incidents over the past quarter might be 59 minutes; and the percentage of secondary
incidents over the past year might be 18 percent. These numbers are a good starting point for
understanding regional TIM performance at a high level.

However, considering the range of different types of incidents that occur and the varying conditions
under which incidents occur, using such aggregate measures of performance may not be very
informative. More refined information on TIM performance may be necessary to reap the full benefits of
performance measurement, such as being able to demonstrate accountability, process efficiency, or
program effectiveness to decision makers, stakeholders, or customers/tax payers.

Take for example minor incidents that are confined to the shoulder and major incidents that block
multiple roadway lanes and/or involve serious injuries. Whereas the minor incidents can generally be
cleared relatively quickly, major incidents often take much longer to clear. If a gross average is used to
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represent clearance time for both types of incidents, the nuances of the incident characteristics and
their impacts on clearance times are diluted or even undetectable in the resulting performance
measure. In this case, a more astute analysis would be to calculate the mean ICT for minor incidents
and the mean ICT for major incidents separately. Having a populated TIM performance measurement
database would allow an agency to easily conduct this analysis and make this comparison.

In fact, with the model TIM performance measurement database, any or all of the incident
characteristics identified in the database schema can be used to conduct a more refined analysis of TIM
performance. Using the incident characteristics in the database to conduct a finer analysis of TIM
performance can help tease out certain factors that may be impacting TIM performance that are not
easily recognized from a more aggregate analysis. The model TIM performance measurement database
schema was designed to allow the analyst to do just this —to fine tune the analysis for a better
understanding of TIM performance. As such, agencies with a populated TIM performance measurement
database are able to set more specific TIM performance objectives because they have the data to
support the analyses. In addition, once the data are in the database, it is relatively easy to run analyses,
and a lot of analyses can be run in a relatively short amount of time.

Chapter 3 of this guidance discussed how to put TIM performance measures into context to add value
and to better understand TIM performance. Chapter 3 also discussed the most common ways of
categorizing incidents for conducting these more refined analyses (e.g., by incident severity, injury
severity, type of roadway). This section of the guidance takes the information presented in Chapter 3
one step further by linking these categories of incidents to specific organization objectives or strategic
questions regarding TIM program performance that might be of interest to agencies operating TIM
programs. In addition, this section provides suggested performance measures for each of the specific
organizational objectives, the data elements required for the analysis, and a link to the specific data
element in the model TIM performance measurement database schema. It is the hope that this section
will get agencies thinking about different ways of viewing and analyzing TIM performance in their area.

Analysis of TIM Performance by Incident Severity

One of the primary ways of analyzing incident data to get a good idea of TIM performance is by incident
severity. Within the model TIM performance measurement database, incident severity is categorized
as: minor, intermediate, and major. The definitions of these categories may vary from agency to
agency; however, it is generally understood that minor incidents (e.g., contained to the shoulder,
involving one vehicle, property damage only) are likely to take much less time to clear than major
incidents, which may involve multiple lanes, multiple vehicles, one or more injuries, and/or heavy
vehicles. If all incidents are taken together in the calculation of the clearance time performance
measures, the result is an average of a wide range and highly variable clearance times. When the
calculation of the performance measures is broken down by incident severity, the resulting performance
measures can give a TIM program a much better idea of how it is performing for different types of
incidents based on severity. A TIM program could even establish organizational objectives around
performance by incident severity. Table 4 shows example organization objectives for TIM performance
by incident severity, along with potential performance measures and a link to the model TIM database
schema.
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Table 4. Example Objectives for TIM Performance by Incident Severity

Clear all minor incidents in 30 Number/percent of ICTs >

Minor . .
minutes or less. 30 min

severity_type = minor

Reduce roadway clearance times

Intermediate . . e
for intermediate incidents.

average RCT severity_type = intermediate

Improve response strategies for characteristics of incidents

Major major incidents. with 5 longest ICTs

severity_type = major

Analysis of TIM Performance by Injury Severity

Injury severity also can impact incident response and clearance times. While incidents involving no
injuries may require just a tow truck, incidents involving even a minor injury usually require response by
emergency medical services (EMS) personnel, and incidents involving serious injuries are more critical
due to the nature of those injuries. Incidents involving fatalities can be even more sensitive, require
response from the medical examiner, and could take hours to clear. When multiple injuries or fatalities
are involved, response and clearance are further complicated. Therefore, a TIM program may wish to
look at performance for incidents with different types/levels of injury severity to see if there are certain
areas where they could work to improve clearance times and/or the occurrence of secondary incidents.
Table 5 shows example organization objectives for TIM performance by injury severity, along with
potential performance measures and a link to the model TIM database schema.

Table 5. Example Objectives for TIM Performance by Injury Severity

- Reduce incident clearance times for . .
Non-injury non-injury incidents median ICT injury = non

L Reduce roadway clearance times for minor_injuries or
All injuries L average RCT . S
injury incidents. serious_injuries > or = 1
- Reduce secondary incidents durin ercentage of -
Fatalities ¥ g P g fatalities > or =1

fatal incidents. secondary incidents

Analysis of TIM Performance by Roadway Characteristics

Another way an agency might want to examine its TIM performance is by roadway. Within the model
TIM performance measurement database, there are a number of roadway characteristics, including:
roadway type (includes freeway, arterial, and collector/distributor), roadway name and direction, and
surface conditions. A TIM program might be interested in performance on freeways, a particular
freeway, or even a particular direction on a freeway. The model TIM performance measurement
database affords the ability for agencies to assess performance at this level by calculating performance
measures by roadway characteristics. Table 6 shows example organization objectives for TIM
performance by roadway characteristics, along with potential performance measures and a link to the
model TIM database schema.
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Table 6. Example Objectives for TIM Performance by Roadway Characteristics

Type

Reduce roadway clearance times
for all freeway incidents.

average RCT

roadway_type = freeway

Name

Clear 95 percent of all incidents on
Interstate X in 90 minutes or less.

95™-percentile ICT

name = Interstate X

Direction

Reduce secondary incidents on
northbound Interstate X.

percentage of

name = Interstate X and

secondary incidents direction = NB

Analysis of TIM Performance by Lanes Involved

A factor that can be critical to a TIM program’s response strategy, and thus a factor of interest in
performance, is the lanes involved in an incident — both the total number and which lanes in particular
are impacted. Generally, the more lanes that are impacted by an incident, the longer it could take to
clear the roadway. In some cases, inside lanes may be more difficult to access, impacting response and
staging times; while an incident occurring in the middle lane of a multi-lane freeway could hinder traffic
diversion around the incident and ultimate roadway clearance time. Having a better understanding of
how the lanes involved in an incident affect TIM performance could help a TIM program develop
improved strategies for responding to incidents. Table 7 shows example organization objectives for TIM
performance by lanes involved, along with potential performance measures and a link to the model TIM

database schema.

Table 7. Example Objectives for TIM Performance by Lanes Involved

Shoulder Clear all incidents confined to the
only shoulder in 30 minute or less.

Number/percent of
ICTs > 30 min

lanesinvolved = shoulder only

1 lane

Reduce roadway clearance times
for incidents blocking one lane.

average RCT

lanesinvolved = any lane
except shoulder only

Reduce secondary incidents
All lanes during incidents that block all
lanes.

percentage of
secondary incidents

lanesinvolved = all lanes

Analysis of TIM Performance by Time of Incident

The time of an incident can be a critical factor impacting incident response and clearance, as well as the

occurrence of secondary incidents. Incidents that occur during peak commute times are more
challenging to respond to and clear than during times when there are far fewer vehicles on the roadway.
An agency may even be interested in examining performance by day of the week, or even month/season
of the year, to see how performance various across the weeks/months/year. Table 8 shows example
organization objectives for TIM performance by time of incident, along with potential performance

measures and a link to the model TIM database schema.
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Table 8. Example Objectives for TIM Performance by Time of Incident

Peak periods

Reduce incident clearance
times for incidents
occurring during the peak
periods.

average ICT

incident_first_recordable_awareness =
7:00-9:00 am and 4:30-6:30 pm

Determine if roadway

incident_date = Monday, Tuesday,

Wﬁiziz(\;s' Si?;?:;;;?i vzr;/ of average RCT Wednesday, Thursday or Friday vs.
¥ y by cay incident_date = Saturday or Sunday
week.
PeFermlne i secondary. percentage of | incident_date = January-May or
Summervs. | incident occurrence varies
other months | svstematicallv b secondary September-December vs.
¥ ¥y by incidents incident_date = June, July, or August

season/month of year.

Analysis of TIM Performance by Other Single Data Elements

As has been seen in the previous examples, use of the model TIM performance measurement database
affords the ability to drill down into the data to assess performance for different types of incidents.
While the previous examples may be of the most interest, an analyst could conduct analyses of TIM
performance using any of the data elements in the database, including vehicles involved and conditions
such as weather, lighting, and surface conditions. Table 9 shows example organization objectives for

TIM performance by various other single data elements, along with potential performance measures

and a link to the model TIM database schema.

Table 9. Example Objectives for TIM Performance by Other Single Data Elements

Heavy involved

Develop improved response strategies

heavy vehicle_involved =

vs. heavy vehicle o . . ) average ICT yes vs. heavy
. for incidents involving heavy vehicles. L
not involved vehicle_involved = no
Dry vs. Develop improved response strategies weather_type = dry vs.
inclement for incidents occurring in inclement median ICT weather_type = rain, sleet
weather weather. or hail, snow, and fog
. Develop improved response strategies lighting_type = daylight
Light vs. dark o . ICT o
'ght vs. dar for incidents occurring after dark. average vs. lighting_type = dark
Develop improved response strategies _
Dry surface vs. for incidents occurring when surface is | median ICT pavement_type = dry vs.

wet surface

wet.

pavement_type = wet
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Analysis of TIM Performance by Multiple Data Elements

The above examples have illustrated how a TIM program can use the data in the model TIM
performance measurement database to assess performance at a more disaggregate level (as opposed to
including all incidents in the analysis). These examples have included the use of just one data element;
however, the database can also be used to answer more complex questions regarding TIM performance.
Using two or more data elements in combination allows a TIM program to examine TIM performance on
a more discrete level of detail than using just one data element. For example, a TIM program might feel
or know that it is struggling with response to certain types of incidents, in certain locations, and/or
under certain conditions, and the program might want to analyze this more specifically. Table 10 shows
a few examples of more complex TIM performance organization objectives using multiple data elements
from the TIM database. The more questions asked and explored, the more the program will learn about

its TIM performance.

Table 10. Example Objectives for TIM Performance by Multiple Data Elements

Injury severity
AND
Lanes involved

Reduce RCT for incidents
involving serious injuries and
blocking 2 or more lanes

average RCT

serious_injuries and
lanesinvolved = 2 or more

Roadway type Reduce secondary incidents percentage of
. L roadway_type = freeway
AND during freeway incidents secondary .
. . . . and fatalities > or = 1
Number of injuries | involving a fatality Incidents
Roadway name .
(location) 'Re('iuce ICT on Interstate X during name = Interstate X and
incidents that block at least one average ICT .
AND lanesinvolved = 1 or more

Lanes involved

lane

Lanes involved
AND
Vehicle type

Reduce roadway clearance times
for incidents blocking at least one
lane in which a heavy vehicle is
involved

average RCT

lanesinvolved = 1 or more
and heavy vehicle_involved
=yes

Incident severity
AND
Weather conditions

Reduce secondary incidents
associated with intermediate and
serious incidents that occur
during inclement weather
conditions

percentage of
secondary
Incidents

severity_type = intermediate
and serious and
weather_type = rain, sleet or
hail, snow, and fog
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Example Applications of the Model TIM Performance Measurement Database

The intent of this section of the guidance is to illustrate more specifically how a TIM program could
make use of the model TIM performance measurement database to measure performance against
specific organization objectives. Using four fictitious, but realistic, examples, this section walks the
reader through the selection of performance measures and targets, calculation of the performance
measures using the database (including the database queries), presentation and discussion of the
performance results, and the discussion of potential next steps.

The four fictitious examples are based around four potential organizational objectives, as follows:

e Organizational Objective 1: Improve TIM performance for freeway incidents.

e Organizational Objective 2: Identify improved roadway clearance strategies for lane-blocking
freeway incidents.

e Organizational Objective 3: Reduce incident clearance times through implementation of a
freeway service patrol program.

e Organizational Objective 4: Reduce secondary incidents throughout the region.

The remainder of this section provides the details associated with each of these example organizational
objectives.
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ORGANIZATIONAL OBJECTIVE 1:

Improve TIM performance for freeway incidents.
The objectives of this example are to illustrate:

e Use of the ICT performance measure.

e Application of the model TIM performance measurement database to
analyze ICT for all freeway incidents.

e How to drill down into the data for a more fine-tuned analysis of ICT for
freeway incidents by incident severity and injury severity.

e Importance of considering various ICT performance measures, including
average, median, minimum, and maximum, as well as distributions of ICTs.

e Selection of performance targets for ICT overall and for different incident
characteristics.

e Visualization and interpretation of data.

Introduction and Background

The TIM partners in the Northville region have been charged with improving TIM performance specific
to freeway incidents. There has been a string of recent freeway incidents that have caused major back-
ups that resulted in long delays for travelers. Fortunately, the Northville TIM partners recently began
loading incident information into a TIM performance measurement database, and they decide it is time
to begin examining the data to better understand their current levels of performance.

With an objective to improve TIM performance for freeway incidents, the Northville TIM partners need
to select one or more performance measures and associated performance targets. They decide to start
with ICT as a performance measure. While there are a number of ways in which ICT could be expressed,
the partners choose to use the average ICT as a starting point. Unsure of a realistic target value (and
without data to indicate previous performance), they look to what other states and regions have used in
terms of performance measures and targets. They find a range of different target values, several of
which are shown in Table 11.

Based on these examples, the Northville TIM partners select an initial target of 60 minutes for average
ICT for all freeway incidents. Table 12 summarizes the objective, performance measure, and
performance target.

Table 11. Example Target Performance Goals Used by States/Regions

MPO 1 Clearance of incidents with Average ICT = 90 min
significant impact on roadways

“Clearance time for incidents on .
State 1 " Average ICT = 35 min
urban freeways

City 1 “Clearing highway traffic incidents” Less than 90 min
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Table 12. Organizational Objective 1 — Performance Measures and Target Performance

Reduce incident clearance time
for freeway incidents.

average ICT 60 min

Database Queries

The partners then ask a data analyst to use the TIM performance measurement database to calculate
the average ICT for freeway incidents. Table 13 shows the SQL script the analyst uses to query the

database regarding this objective.

Table 13. Database Query for Average ICT for Freeway Incidents

Average ICT for freeway
incidents over past 3 months

SELECT
avg(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
last_respondent_departed
)
)
FROM

incident i
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id =
r.named_roadway_id
WHERE

nr.roadway_type_id=1
AND incident_first_recordable_awareness > (NOW() - INTERVAL 3
MONTH);

Using this query, the database searches for all freeway incidents during the selected analysis period (in
this case, 3 months) and calculates the average ICT for these incidents. The output of this query is an

average ICT of 59 minutes.

At this point, the analyst could simply report to the TIM partners that on average, they are performing
within their target goal; however, the analyst wants to get a better idea of the range and distribution of
ICTs before reporting back to the TIM partners. Therefore, the analyst conducts additional database

queries to determine the median ICT, the minimum ICT, and the maximum ICT for the freeway incidents.

These queries are shown in Table 14.
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Table 14. Database Queries for Median ICT and Minimum and Maximum ICTs for Freeway Incidents

Median ICT for freeway
incidents over past 3 months

SET @rownum :=-1;

SELECT

AVG(t.ict)

FROM
(

) AS t
WHERE

SELECT

FROM

@rownum := @rownum + 1 AS rownum,

g.ict ASict
(
SELECT
(
TIMESTAMPDIFF(
MINUTE,
i.incident_first_recordable_awareness,
i.last_respondent_departed
)
) AS ict
FROM
incident i

)ASq

JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id

JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id

WHERE
nr.roadway_type_id =1

AND incident_first_recordable_awareness > (NOW() - INTERVAL 3 MONTH)

ORDER BY
ict

t.rownum IN (CEIL(@rownum / 2));
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Performance Measures Database Queries

Minimum and maximum ICTs SELECT
for freeway incidents over past min(
3 months TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
last_respondent_departed
)
),
max(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
last_respondent_departed
)
)
FROM
incident i
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id
WHERE
nr.roadway_type_id=1
AND incident_first_recordable_awareness > (NOW() - INTERVAL 3 MONTH);
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Presentation of Findings

The results of these queries showed that the median ICT is 52 minutes, the minimum ICT is 18 minutes,
and the maximum ICT is 291 minutes. These results are shown, along with the average ICT, in Figure 17.
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Figure 17. Minimum, Mean, and Maximum ICT for Freeway Incidents

Given the wide range of incident clearance times for the freeway incidents, as well as the difference
between the median and average incident clearance times, the analyst decides to dig a little deeper into
the data to determine what more could be learned about TIM performance for freeway incidents.

First, the analyst queries the database to determine the ICTs for all of the freeway incidents over the 3-
month period, using the database query shown in Table 15.

Table 15. Database Query for All ICTs for Freeway Incidents over Past 3 Months

SELECT

All ICTs for freeway incidents .
l.

over past 3 months
FROM

incident i
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id =
r.named_roadway_id
WHERE

nr.roadway_type_id=1
AND incident_first_recordable_awareness > (NOW() - INTERVAL 3
MONTH);
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Next, the analyst imports the individual ICTs into another tool (in this case a spreadsheet) for further
analysis and visualization of the data. Using this tool, the analyst creates a scatter plot of the ICTs for all
freeway incidents. The scatter plot is shown in Figure 18.
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Figure 18. Individual Incident Clearance Times for All Freeway Incidents

From the scatter plot, it can be seen immediately that there are a large number of freeway incidents
overall, and that the ICTs for the incidents vary widely. It is also evident that there is a cluster of ICTs at
the lower end of the ICT range, with far fewer incidents at the upper end of the ICT range. While not an
unexpected finding, the analyst creates an ICT frequency distribution curve, as well as a cumulative
distribution curve (shown in Figure 19 and Figure 20, respectively) to determine more specifically the
percentage of incidents within certain ICT ranges.

The frequency distribution curve shown in Figure 19 is simply a different way of visualizing what is
shown in the scatter plot and verifies the cluster of ICTs towards the lower end of the full range of ICTs.
Given the shape of this distribution curve (skewed to the right), the average is being pulled in the
direction of the skew. Therefore, the median ICT is a better representation of the central location of the
ICTs. This example shows the importance of looking more closely at the data.

The cumulative distribution curve in Figure 20 shows more specifically the percentage of incidents
within certain ICT ranges. Using this curve, the analyst can see what percentage of incidents was cleared
within certain times. For example, the cumulative distribution curve shows that 61 percent of the
freeway incidents were cleared in under 60 minutes, 84 percent of the freeway incidents were cleared in
under 90 minutes, and 96 percent of freeway incidents were cleared in under 120 minutes.
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The results of these analyses show that both the median and the average ICT are below the target of 60
minutes set by the partners. If the partners had set a goal to clear all freeway incidents in under 90
minutes (as is a goal set by some regions/states), the cumulative distribution curve would tell them that
they are meeting their goal for 84 percent of freeway incidents.

Refining the Analysis

Given such a wide range of incident clearance times for the freeway incidents, the TIM partners decide
that they would be better served to group similar incidents into categories for analysis (e.g., incident
severity, injury severity, number of lanes blocked, vehicle type).

The Northville TIM partners decide to look more closely at performance by incident severity and injury
severity. They choose median ICT as the performance measure and do not set any specific performance
targets at this point.

The analyst then develops queries (shown in Table 16 and Table 17) to calculate these performance
measures. The database outputs/results are visualized in Figure 21 and Figure 22.
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Table 16. Database Query for Median ICT for Freeway Incidents by Incident Severity

Median ICT for minor SET @rownum :=-1;
freeway incidents (over
past 3 months) SELECT
AVG(t.ict)
FROM
(
SELECT
@rownum := @rownum + 1 AS rownum,
g.ict ASict
FROM
(
SELECT
(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
last_respondent_departed
)
) AS ict
FROM
incident i
JOIN severity_type s ON s.severity_type_id = i.severity_type_id
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id
WHERE
nr.roadway_type_id =1
AND s.severity_type_id =1
AND i.incident_first_recordable_awareness > (NOW() - INTERVAL 3 MONTH)
ORDER BY
ict
)ASq
)ASt
WHERE
t.rownum IN (CEIL(@rownum / 2));
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Median ICT for SET @rownum :=-1;
intermediate freeway
incidents (over past 3 SELECT
AVG(t.ict)
months) FROM
(
SELECT
@rownum := @rownum + 1 AS rownum,
g.ict ASict
FROM
(
SELECT
(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
last_respondent_departed
)
) AS ict
FROM
incident i
JOIN severity_type s ON s.severity_type_id = i.severity_type_id
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id
WHERE
nr.roadway_type_id =1
AND s.severity_type_id =2
AND i.incident_first_recordable_awareness > (NOW() - INTERVAL 3 MONTH)
ORDER BY
ict
)ASq
)ASt
WHERE
t.rownum IN (CEIL(@rownum / 2));
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Median ICT for major SET @rownum :=-1;
freeway incidents (over
past 3 months) SELECT
AVG(t.ict)
FROM
(
SELECT
@rownum := @rownum + 1 AS rownum,
g.ict ASict
FROM
(
SELECT
(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
last_respondent_departed
)
) AS ict
FROM
incident i
JOIN severity_type s ON s.severity_type_id = i.severity_type_id
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id
WHERE
nr.roadway_type_id =1
AND s.severity_type_id =3
AND i.incident_first_recordable_awareness > (NOW() - INTERVAL 3 MONTH)
ORDER BY
ict
)ASq
)ASt
WHERE
t.rownum IN (CEIL({@rownum / 2));

82|Page



Table 17.

Database Queries for Median ICT for Freeway Incidents by Injury Severity

Median ICT for freeway
incidents involving no injuries
(over past 3 months)

SET @rownum :=-1;

SELECT
AVG(t.ict)
FROM
(
SELECT
@rownum := @rownum + 1 AS rownum,
g.ict ASict
FROM
(
SELECT
(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
last_respondent_departed
)
) ASict
FROM
incident i

JOIN participants p ON p.incident_id = i.incident_id
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id

JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id

WHERE

nr.roadway_type_id=1
AND (

p.serious_injuries =0

OR p.serious_injuries IS NULL
)
AND (

p.minor_injuries =0

OR p.minor_injuries IS NULL
)
AND (

p.fatalities =0
OR p.fatalities IS NULL
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)
AND incident_first_recordable_awareness > (NOW() - INTERVAL 3 MONTH)
ORDER BY
ict
)ASq
JASt
WHERE
t.rownum IN (CEIL(@rownum / 2));

Median ICT for freeway SET @rownum :=-1;

incidents involving an injury

SELECT
(over past 3 months) AVG(t.ict)
FROM
(
SELECT
@rownum := @rownum + 1 AS rownum,
g.ict ASict
FROM
(
SELECT
(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
last_respondent_departed
)
) AS ict
FROM
incident i

JOIN participants p ON p.incident_id = i.incident_id
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id
WHERE
nr.roadway_type_id=1
AND p.serious_injuries >=1
OR p.minor_injuries >=1
AND incident_first_recordable_awareness > (NOW() - INTERVAL 3 MONTH)
ORDER BY
ict
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)ASq
)AS t
WHERE
t.rownum IN (CEIL(@rownum / 2));
Median ICT for freeway
. X R . SELECT
incidents involving a fatality AVG(tict)
(over past 3 months) FROM
(
SELECT
@rownum := @rownum + 1 AS rownum,
g.ict ASict
FROM
(
SELECT
(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
last_respondent_departed
)
) AS ict
FROM
incident i
JOIN participants p ON p.incident_id = i.incident_id
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id
WHERE
nr.roadway_type_id=1
AND p.fatalities >=1
AND incident_first_recordable_awareness > (NOW() - INTERVAL 3 MONTH)
ORDER BY
ict
)ASq
) AS t
WHERE
t.rownum IN (CEIL(@rownum / 2));
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The median ICTs for freeway incident by incident severity are shown in Figure 21, and the median ICTs
for freeway incidents by injury severity are shown in Figure 22. Recall that the median ICT for all
freeway incidents was 52 minutes. As can be seen in Figure 21 and Figure 22, examining performance
by incident severity and injury severity does provide more precise information that can help the
partners better understand their performance. These findings could also be used as a baseline for
setting specific performance targets for the various categories of incidents for future performance
analysis and comparisons.

Median ICTs for Freeway Incidents - by Incident Severity
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w._Median ICT for all
freeway incidents
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Figure 21. Actual Performance — Freeway ICTs by Incident Severity

Median ICTs for Freeway Incidents - by Injury Severity
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Figure 22. Actual Performance — Freeway ICTs by Injury Severity
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Example from the Arizona Department of Public Safety (DPS)

An example of this sort of TIM performance analysis comes from the Arizona DPS. Arizona has applied
this same concept to examine TIM performance more closely by incident severity in the metropolitan
Phoenix area. Figure 23 compares performance by incident (in this case crash) severity over a 3-year
period between 2011 and 2013. Categorization of crashes by severity was as follows: minor crash (ICT
of 30 minutes or less), intermediate crash (ICT between 31-119 minutes), and major crash (ICT 120
minutes or more). It should be noted that as the crash severity is categorized based on ICT, the
categorization took place after calculation of the ICT performance measure (as opposed to categorizing
the incident severity at the time of the incident based on the incident characteristics).

Figure 23 illustrates that over the 3-year period, more crashes fell into the “minor” crash category, while
fewer crashes fell into the “intermediate” and “major” crash categories. These results show that
performance in terms of incident clearance improved over the 3-year period, as responders were able to
clear incidents more quickly. This is particularly visible for the 2013 data, when overall there were more
crashes than in 2011 and 2012. Yet in 2013, there were the least number of intermediate and major
crashes.

AzDPS Metro Crash Incident Clearance Times

by Incident Severity and Year
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Number of Crashes
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M Total crashes
® Minor (30 min or less)
M Intermediate (31-119 min)

Major (120 min or more)

Figure 23. Arizona DPS Metro Phoenix Crash ICT by Year and Incident Severity

Arizona has also examined TIM performance by injury severity, as was discussed in Chapter 8. See 40
for a presentation of these results.
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Summary and Closing Notes

In summary, Example Organizational Objective #1 has illustrated how to use the model TIM
performance measurement database to assess overall performance (i.e., average ICT for all freeway
incidents). This example has also illustrated how to use the database to assess TIM performance at a
more disaggregate level (i.e., average/median ICT for freeway incidents by incident severity and injury
severity), as well as the benefits of doing so.

A closing note on the use of the “incident severity” data element — while the classification of incidents
based on severity can be subjective, pages 14-15 of the guidance outline the classification/definition of
incident severity according to the MUTCD. The MUTCD classifies incidents as “major,” “intermediate,”
or “minor” based on incident duration and other incident characteristics including the types and number
of vehicles involved, the number of lanes involved, and whether traffic control is needed. In the model
TIM performance database presented in this guidance, incident severity is also classified as “major,”
intermediate,” or “minor.” When selecting an incident severity category, agencies may want to refer to
the MUTCD classification/definition, or they may have their own way of classifying incident severity.
Because the MUTCD provides roadway clearance times in the classification/definition of incident
severity, incident severity could be classified after calculating the RCT performance measure for each
incident rather than at the time of the incident (as is done in Arizona). According to the MUTCD,
incidents with road closures lasting less than 30 minutes can be considered “minor” incidents; incidents
affecting travel lanes for 30 minutes to 2 hours can be considered “intermediate” incidents; and
incidents that affect all or part of the roadway for more than 2 hours can be considered “major”
incidents. In this case, a subroutine can be built into the TIM database to populate the incident severity
field based on RCT or ICT, rather than entering it at the time of the incident.

Organization Objective #1 has also illustrated the application of performance targets, and as such, there
is one closing note and consideration for agencies on setting performance targets. While setting and
using targets is an important part of performance measurement and management, agencies should be
careful not to allow their targets to drive actual performance. An example is shown in Figure 24.

The graph shown in Figure 24 illustrates how internal policies related to incident clearance could impact
performance. A, C, D and E represent four different actual transportation agencies. Agencies A, C, and E
did not set specific performance targets; rather their philosophy was to clear the roadway as quickly as
possible. As a result, their clearance profiles show that the majority of their incidents were cleared from
the lanes in 15 minutes or less. Agency D, however, had a performance target to clear 90 percent of all
incidents within 90 minutes. From the graph it can be seen that Agency D has a completely different
clearance time profile than the other agencies. Due to the shape of the clearance profile, it appears that
Agency D’s policy provided little incentive for the agency to clear its roads significantly less than the
target of 90 minutes. The 90-minute target of agency D seems to have placed focus on the 90 minutes
rather than a goal of clearing incidents as quickly as possible.
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Figure 24. Distribution of Lane Clearance Times for Four Transportation Agencies

(Explanation and graphic courtesy of Michael Pack. Used with permission.)
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ORGANIZATIONAL OBJECTIVE 2:

Identify improved roadway clearance strategies for lane-blocking
freeway incidents.

The objectives of this example are to illustrate:

e Use of the RCT performance measure.

e Application of the model TIM performance measurement database to
analyze RCT for lane-blocking freeway incidents.

e How to drill down into the data for a more fine-tuned analysis of RCT by
number of lanes blocked.

e Selection of performance targets for RCT overall and for different incident
characteristics — specifically, number of lanes blocked.

e Visualization and interpretation of data.

Introduction and Background

As a result of the previous analyses, the Northville region TIM partners have set an objective to identify
improved roadway clearance strategies for lane-blocking freeway incidents. For this objective, the
performance measure is roadway clearance time. The partners want to look at the average RCT by
number of lanes blocked; however they do not set any initial performance targets by number of lanes
blocked. The table below summarizes the objective and performance measures. Table 18 summarizes
the objective and performance measures.

Table 18. Organizational Objective 2 — Performance Measures

average RCT for incidents blocking 1 lane

Improve response clearance

strategies for intermediate
and major freeway incidents. | average RCT for incidents blocking 3 lanes

average RCT for incidents blocking 2 lanes

average RCT for incidents blocking 4 + lanes

Database Queries

First, the analyst runs a query on all incidents in the database to determine the allocation of incidents
across the four categories of lane-blocking incidents. The query is shown in Table 19, and the findings
are shown in Figure 25. It can be seen that the majority (58 percent) of lane-blocking incidents blocked
just one roadway lane. About one quarter of incidents blocked two roadway lanes. Thirteen percent of
lane-blocking incidents blocked three lanes, and only six percent of lane-blocking incidents blocked four
or more roadway lanes. Next, the analyst develops the database queries shown in Table 20 to
determine the average RCT for each category.
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Table 19. Database Query to Determine the Allocation of Incidents Across Four Categories of Lane-

Performance
Measure

Blocking Incidents

Database Query

Percentage of lane-
blocking incidents
blocking 1, 2, 3, and
4+ lanes.

SELECT
@TotalLaneBlockingIncidentCount := count(*)
FROM
incident i
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN total_lanes tl ON r.total_lanes_id = tl.total_lanes_id
JOIN lanes_involved li ON tl.lanes_involved_id = li.lanes_involved_id
WHERE
li.lanes_involved_count <> 0;
SELECT
li.lanes_involved_count,
(
count(i.incident_id) / @TotalLaneBlockingIncidentCount
) * 100 AS 'Percent of Incidents'
FROM
incident i
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN total_lanes tl ON r.total_lanes_id = tl.total_lanes_id
JOIN lanes_involved li ON tl.lanes_involved_id = li.lanes_involved_id
GROUP BY
li.lanes_involved_count;
SET @TotalLaneBlockinglncidentCount = NULL;

23%

Percent of Incidents
(blocking at least one lane)

6%

m Blocks 1 lane
M Blocks 2 lanes
 Blocks 3 lanes

m Blocks 4 + lanes

Figure 25. Distribution of Lane-Blocking Incidents
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Table 20. Database Queries for Average RCTs for Freeway Incidents by Number of Lanes Blocked

SELECT
avg(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
all_lanes_opened
)
Average RCT for freeway )
incidents blocking 1 lane FROM

incident i
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN total_lanes tl ON r.total_lanes_id = tl.total_lanes_id
JOIN lanes_involved li ON tl.lanes_involved_id = li.lanes_involved_id

WHERE
li.lanes_involved_count = 1;
SELECT
avg(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
all_lanes_opened
)
Average RCT for freeway )
incidents blocking 2 lanes FROM

incident i
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN total_lanes tl ON r.total_lanes_id = tl.total_lanes_id
JOIN lanes_involved li ON tl.lanes_involved_id = li.lanes_involved_id

WHERE
li.lanes_involved_count = 2;
SELECT
avg(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
all_lanes_opened
)
Average RCT for freeway )
incidents blocking 3 lanes FROM

incident i
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN total_lanes tl ON r.total_lanes_id = tl.total_lanes_id
JOIN lanes_involved li ON tl.lanes_involved_id = li.lanes_involved_id
WHERE

li.lanes_involved_count = 3;

92 |Page




SELECT

avg(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
all_lanes_opened
)
Average RCT for freeway )
incidents blocking 4+ lanes FROM
incident i

JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN total_lanes tl ON r.total_lanes_id = tl.total_lanes_id
JOIN lanes_involved li ON tl.lanes_involved_id = li.lanes_involved_id
WHERE

li.lanes_involved_count >=4;

Presentation of Findings

Using the data and the database outputs, the analyst develops a scatter plot of the RCTs for all lane-
blocking incidents, color codes the data points by number of lanes blocked, and shows the average for
each category (Figure 26).

As would be expected, the more lanes that are blocked, the longer the average RCT. For incidents that
blocked 1 lane, the RCTs are clustered around the average RCT of 25 minutes. For incidents that blocked
2 lanes, the RCTs are more dispersed and show some overlap with the RCTs for both 1- and 3-lane
incidents. The RCTs for 3-lane incidents also overlap somewhat with the RCTs for incidents blocking 4 or
more lanes, and there appears to be even more dispersion in the RCTs for 3-lane incidents. There were
only eight incidents that blocked 4 or more lanes in the database, with an average RCT of 139 minutes.

Figure 26 could be compared to Figure 18- the scatter plot of the ICTs for all freeway incidents in

Organizational Objective #1. While Figure 18 shows ICTs and includes all freeway incidents, the plots
look very similar.
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Figure 26. Roadway Clearance Time by Number of Lanes Blocked

Next, the analyst creates a graph with the frequency distributions for each category and a graph with
the cumulative distributions for each category, which are shown in Figure 27 and Figure 28, respectively.

Figure 27 shows that 45 percent on one-lane incidents are cleared from the roadway in 20-29 minutes.
The sharp peak of the frequency distribution of RCTs for one-lane incidents shows there is little
variability in clearing the roadway during these incidents.

The frequency distributions of RCTs for two-and three-lane incidents are less peaked and a little wider,
showing more variability in clearing the roadway during two- and three-lane incidents as compared to
one-lane incidents. A few outliers can also be seen for the three-lane incidents. There were only nine
incidents that blocked four or more lanes.

Examining the cumulative distributions in Figure 28, it can be seen that for all one-lane incidents, the
roadway was cleared in under 60 minutes; for all two-lane incidents, the roadway was cleared in under
90 minutes; and for all but two of the three-lane incidents, the roadway was cleared in under 130
minutes. The nine incidents that blocked four or more lanes ranged from an RCT of 89 minutes to an RCT
of 209 minutes.

Interpretation of Findings

With the findings in hand, how can this information help the Northville TIM partners identify improved
roadway clearance strategies for lane-blocking incidents? Examining the frequency and cumulative
distributions of RCTs for one-lane incidents, it is clear that the partners are consistently clearing the
roadway in under 29 minutes (about 71 percent of incidents), and for all one-lane incidents the roadway
was cleared in under 60 minutes. As incidents blocking one lane make up the majority of lane-blocking
incidents (58 percent), focusing on strategies for clearing one-lane incidents provides the most “bang for
the buck.” However, given the current level of performance in clearing one-lane incidents, efforts might
be better spent focusing on incidents blocking two or more lanes.
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From a standpoint of frequency distribution, incidents blocking two lanes and incidents blocking three
lanes are very similar; the distribution for the three-lane incidents is just shifted a bit to the right on the
X-axis representing the longer RCTs associated with three-lane incidents. On average, for two-lane
incidents the roadway was cleared 44 minutes sooner than for three-lane incidents. The partners could
discuss the differences in clearing two-lane versus three-lane incidents. Perhaps there are incidents that
block three roadway lanes that could be configured to only block two lanes, which might effectively
reduce the overall roadway clearance times. The partners could set a goal to shift the RCT frequency
distribution closer to that of two-lane incidents.

Incidents blocking four or more roadway lanes occur much less frequently; however, when they do
occur, delays to motorists can last for hours. One thing that might help the Northville TIM partners
develop roadway clearance strategies for these types of incidents is to pull the characteristics of the
“worst” incidents from the TIM performance measurement database. For example, what was the injury
severity associated with these incidents (how many injuries/fatalities)? Was a heavy vehicle involved in
any of these incidents? What time of day did these incidents occur? Where (what roadway, which
direction, at what location) did these incidents occur? Sitting down and discussing the details associated
with these incidents, potentially conducting table top exercises, could help the partners develop
strategies for reducing roadway clearance times.

Frequency Distribution of RCTs by Number of Lanes Blocked
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Figure 27. Frequency Distribution of RCTs by Number of Lanes Blocked
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ORGANIZATIONAL OBJECTIVE 3:

Reduce incident clearance times through implementation of a
freeway service patrol (FSP) program.

The objectives of this example are to illustrate:

e Use of the ICT performance measure.

e Application of the model TIM performance measurement database to analyze
the ICT for minor freeway incidents before and after FSP program
implementation.

e Importance of considering various ICT performance measures, including
average, median, minimum, and maximum, as well as distributions of ICTs.

e Visualization and interpretation of data.

Introduction and Background

During the analyses conducted for Organization Objective #1, the region of Northville determined that
its performance clearing minor incidents was higher than expected, with a median ICT of 44 minutes.
Therefore, the partners have set an organization objective to reduce incident clearance times for minor
incidents through implementation of a freeway service patrol (FSP) program. The FSP program has been
under development for some time and is ready for operational deployment.

Prior to beginning to operate the FSP program, the partners discuss their target performance after
program implementation. Knowing that performance for minor incidents before implementation of the
FSP program was a median ICT of 44 minutes, the partners decide to set a target of 30 minutes for the
median ICT for all minor incidents where an FSP is involved in the response. Table 21 summarizes the
organizational objective, performance measure, and target.

Table 21. Organizational Objective 3 — Performance Measures and Target Performance

Reduce incident clearance times through

A ICT 30 minut
implementation of a FSP program. verage minutes

Database Queries

After 3 months of the FSP program being operational, the data analyst queries the TIM performance
measurement database to determine the average ICT (along with the average, minimum, and maximum
ICTs) for all minor freeway incidents in which an FSP was involved. Then, the analyst develops queries to
determine the same performance measures for all minor incidents for the 3 months before
implementation of the FSP program. The database queries for the before and after average ICTs for
minor freeway incidents are shown in Table 22.
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Table 22. Database Queries for Average ICTs for Minor Freeway Incidents Before and After
Implementation of the FSP Program

SELECT
avg(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
last_respondent_departed
)
)
Average ICT for minor FROM
incident i

freeway incidents before
implementation of the FSP
program.

JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id
JOIN roadway_type rt ON nr.roadway_type_id = rt.roadway_type_id
JOIN severity_type st ON i.severity_type_id = st.severity_type_id
WHERE
rt.roadway_type = 'Freeway'
AND st.severity_type = 'Minor'
AND incident_first_recordable_awareness < (NOW() - INTERVAL 3 MONTH)
AND incident_first_recordable_awareness > (NOW() - INTERVAL 6 MONTH);

SELECT
avg(
TIMESTAMPDIFF(
MINUTE,
incident_first_recordable_awareness,
last_respondent_departed
)
. )
Average ICT for minor FROM
freeway incidents after incident i

implementation of the FSP | joIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
program. JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id
JOIN roadway_type rt ON nr.roadway_type_id = rt.roadway_type_id
JOIN severity_type st ON i.severity_type_id = st.severity_type_id
WHERE
rt.roadway_type = 'Freeway'
AND st.severity_type = 'Minor'
AND incident_first_recordable_awareness > (NOW() - INTERVAL 3 MONTH);
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Presentation of Findings

After getting the outputs from the database, the analysts develops a graph comparing the before and after
performance measures. The graph is shown in Figure 29. The analyst also develops cumulative distribution
curves of ICT before and after implementation of the FSP program, both of which are shown in Figure 30.

As can be seen in Figure 29, ICTs were reduced after implementation of the FSP program. The maximum
ICT of 74 minutes before FSP program implementation was reduced to 61 minutes (a 18% reduction),
and the minimum ICT of 20 minutes before FSP program implementation was reduced to 18 minutes (a
10% reduction). The average ICT dropped from 46 minutes before the FSP program to 36 minutes after
the FSP program (a 22% reduction). Finally, the median ICT dropped from 44 minutes before the FSP
program to 32 minutes after the FSP program. While the new median ICT is not within the target set by
the partners prior to the analysis, the median ICT was reduced by 27 percent after implementation of
the FSP program, a significant reduction from before program implementation.

Performance Before and After Implementation
of FSP Program

Maximum ICT 74

Average ICT

Median ICT

20
18

Minimum ICT

0 20 40 60 80
Incident Clearance Time (min)

m Before FSP Program M After FSP Program

Figure 29. Performance Before and After Implementation of FSP Program

The cumulative distribution curves shown in Figure 30 show the percentage of all incidents that were
cleared under different ICT ranges. For example, it can be seen that while only 12 percent of incidents
before the FSP program were cleared in under 30 minutes, after implementation of the FSP program, 57
percent of incidents were cleared in under 30 minutes. Examining the percentage of incidents cleared
under 45 minutes, before the FSP program about 63 percent had been cleared, while after
implementation of the FSP program, 92 percent of incidents had been cleared. Examining the
percentage of incidents cleared under 60 minutes, before the FSP program about 94 percent had been
cleared, while after implementation of the FSP program, 99 percent of incidents had been cleared
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Figure 30. ICTs Before and After FSP Program

These results show that the FSP program was highly effective at reducing incident clearance times for
minor freeway incidents, especially for those in the range of about 20 to 45 minutes. While this was a
simple analysis comparing performance before program implementation to performance after program
implementation, the partners could continue to track the progress of the FSP program over time,
analyzing/tracking performance week-to-week and/or month-to-month.

Example from the Virginia Department of Transportation

An example of tracking the performance of a freeway service patrol over time comes from VDOT. The
graph shown in Figure 31 illustrates three performance measures calculated weekly over a year’s period.
The three performance measures include the average Safety Service Patrol (SSP) response time, average
clearance time, and average notification to clear time (equivalent to ICT). The graph also shows the 52-
week average for all three performance measures in the box in the upper left corner. This chart allows
VDOT to compare the performance of the SSP week-to-week, as well as to compare the performance in
any given week to the overall 52-week average. Understanding how performance varies over time can
help an agency identify areas for improvement.
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Figure 31. Example of Virginia DOT Average Weekly Safety Service Patrol Response Times and ICTs

101 |Page



ORGANIZATIONAL OBJECTIVE 4:

Reduce secondary incidents throughout the region.
The objectives of this example are to illustrate:

e Use of the secondary incident performance measure.

e Application of the model TIM performance measurement database to
analyze secondary incidents for all freeway incidents.

e How to drill down into the data for a more fine-tuned analysis of secondary
incidents for freeway incidents by time of day and location.

e Selection of performance targets for secondary incidents.

e Visualization and interpretation of data.

Introduction and Background

Due to what seems to be a growing number of incidents occurring secondary to other incidents, the
Northville TIM partners have set an organization objective to reduce secondary incidents throughout the
region. In order to do so, they have begun recording information on whether an incident occurs within
the time of detection of another incident and within either the original incident scene or queue in either
direction of travel. This information, which is entered by either TMC operators or identified by
responders at the incident scene, is a data element in the TIM performance measurement database and
can be used for analysis purposes.

The TIM partners decide that the performance measure will be secondary crashes in the region as a
percentage of all incidents in the region. They set an initial target of not more than 20 percent
secondary crashes. Table 23 summarizes the organizational objective, performance measure, and
target.

Table 23. Organizational Objective 4 — Performance Measures and Target Performance

Reduce secondary incidents for all Secondary incidents as a 20% or less
incidents in the region. percentage of all incidents

Database Queries

The partners can rely on data stored in the TIM performance measurement database to determine the
percentage of secondary incidents throughout the region. Table 24 shows the script used to query the
database regarding this objective.
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Table 24. Database Queries for Organizational Objective 6

Secondary incidents (as a percentage of the SELECT
total number of incidents) for all incidents. 100 * (
SELECT
count(*)
FROM
incident i
WHERE
i.parent_incident_id IS NOT
NULL
) / (SELECT count(*) FROM incident i);

Using the query in Table 24 the database searches for all crashes in the database that were recorded as
“secondary,” as well as the total number of incidents in the database. The database then calculates the
percentage of secondary crashes as a percentage of the total incidents. At the time of analysis, the
partners have about two years of data in the TIM performance measurement database.

The total number of incidents in the database is 51,569. The total number of incidents recorded as
secondary is 9,608. Therefore, the percentage of secondary crashes is about 19 percent (51,569 +
9,608). Therefore, actual performance is just under the target of 20 percent.

Refining the Analysis

While the regional percentage of secondary incidents is 19 percent overall, the opportunity exists to
mine the available data to see if the Northville TIM partners can identify more specifically when and
where secondary incidents may be likely to occur.

First, the partners would like to see if the occurrence of secondary incidents is related to the time of
day, which they suspect it is. Second, they would like to know if the occurrence of secondary incidents
varies by major freeway. There are four major freeways in the region: Interstates 1, 2, 3, and 4.
Therefore, they ask the data analyst to conduct a more refined analysis of secondary incidents by time
of day and by location. They decide to use the same performance measure — secondary incidents as a
percentage of all incidents — and the same target of not more than 20 percent secondary incidents.
Table 25 summarizes the performance measures and targets.

Table 25. Performance Measures and Targets for Secondary Incidents by Time of Day and Location

between 6-9 am 20%
Secondary incidents (as a percentage of
. 'y . ( . P & between 4-7 pm 20%
total incidents) for incidents that occur...
all other times 20%
on Interstate 1 20%
Secondary incidents (as a percentage of on Interstate 2 20%
total incidents) for incidents that occur... | op Interstate 3 20%
on Interstate 4 20%
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The analyst uses the TIM performance measurement database to determine the percentage of
secondary incidents during the specified time periods and on the specified freeways. Table 26 shows
the SQL scripts used to query the database regarding the percentage of secondary incidents by time of
day. Table 27 shows the SQL scripts used to query the database regarding the percentage of secondary

incidents by freeway.

Table 26. Database Queries for Percentage of Secondary Incidents by Time of Day

Percentage of secondary SELECT .
incidents (as a percentage of 100 * (
total incidents) for incidents SELECT count(*)
that occur between 6-9 am FROM
incident i
WHERE
i.parent_incident_id IS NOT NULL
AND HOUR (i.incident_date) >= 6
AND HOUR (i.incident_date) <=9
) / (SELECT count(*) FROM incident i);
Percentage of secondary SELECT
incidents (as a percentage of 100 (
total incidents) for incidents SELECT count(*)
that occur between 4-7 pm FROM
incident i
WHERE

i.parent_incident_id IS NOT NULL
AND HOUR (i.incident_date) >= 16
AND HOUR (i.incident_date) <= 19
) / (SELECT count(*) FROM incident i);

Percentage of secondary
incidents (as a percentage of
total incidents) for incidents
that occur all other times

SELECT
100 * (
SELECT
count(*)
FROM
incident i
WHERE
i.parent_incident_id IS NOT NULL
AND (
HOUR (i.incident_date) < 6
OR(
HOUR (i.incident_date) >9
AND HOUR (i.incident_date) < 16

)
OR HOUR (i.incident_date) > 19

)
) / (SELECT count(*) FROM incident i);
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Table 27. Database Queries for Percentage of Secondary Incidents by Location

Percentage of secondary
incidents (as a percentage of
total incidents) for incidents
that occur on Interstate |

SELECT
100 * (

SELECT
count(*)
FROM
incident i
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id
WHERE
i.parent_incident_id IS NOT NULL
AND nr. NAME = 'interstate 1'

) / (SELECT count(*) FROM incident i);

Percentage of secondary
incidents (as a percentage of
total incidents) for incidents
that occur on Interstate 2

SELECT
100 * (

SELECT
count(*)
FROM
incident i
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id
WHERE
i.parent_incident_id IS NOT NULL
AND nr. NAME = 'interstate 2'

) / (SELECT count(*) FROM incident i);
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Percentage of secondary
incidents (as a percentage of
total incidents) for incidents
that occur on Interstate 3

SELECT

100 * (

SELECT
count(*)
FROM
incident i
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id
WHERE
i.parent_incident_id IS NOT NULL
AND nr. NAME = 'interstate 3'

) / (SELECT count(*) FROM incident i);

Percentage of secondary
incidents (as a percentage of
total incidents) for incidents
that occur on Interstate 4

SELECT

100 * (

SELECT
count(*)
FROM
incident i
JOIN roadway_has_incident rhi ON i.incident_id = rhi.incident_id
JOIN roadway r ON rhi.roadway_roadway_id = r.roadway_id
JOIN named_roadway nr ON nr.named_roadway_id = r.named_roadway_id
WHERE
i.parent_incident_id IS NOT NULL
AND nr. NAME = 'interstate 4'

) / (SELECT count(*) FROM incident i);

Note: Names of actual local interstates/freeways should be inserted into these queries.
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Presentation of Findings

The results are shown in Table 28. Considering the occurrence of secondary incidents by time of day,
the results show that the percentage of secondary incidents that occurs during the morning and evening
peak periods is 23 percent and 25 percent, respectively, which is over the target of 20 percent. Outside
of the peak periods, however, the occurrence of secondary incidents is only 15 percent (averaged across
the remaining 18 hours of the day).

Considering the occurrence of secondary incidents by major freeway, the results show that the
percentage of secondary incidents that occurs on Interstate Highway 2 and Interstate Highway 3 are
within the target range (18 percent and 17 percent, respectively). On the other hand, the percentage of
secondary incidents that occurs on Interstate Highway 1 and Interstate Highway 4 are over the target —
22 percent and 28 percent, respectively.

Table 28. Actual vs. Target Performance for Secondary Incidents by Time of Day and Location

Secondary incidents (as a between 6-9 am 23% 20%

percentage of total incidents) | between 4-7 pm 25% 20%

for incidents that occur... all other times 15% 20% v
on Interstate Highway 1 22% 20%

Secondary incidents (as a on Interstate Highway 2 18% 20% v

percentage of total incidents)

for incidents that occur... on Interstate Highway 3 17% 20% Y
on Interstate Highway 4 28% 20%

Interpretation of Findings and Potential Next Steps

From this analysis, the TIM partners are able to determine that an over-representative percentage of
secondary incidents occur during the morning and evening peak periods (more so during the evening)
than during all other times of the day. This finding is not surprising in that there are more motorists on
the roads during these time periods that could be involved in secondary incidents. However, this
information could allow the partners to focus on the development of strategies that could be deployed
during these times that might help reduce the occurrence of secondary incidents.

The analysis also shows that there is an over-representative percentage of secondary incidents that
occur on Interstate Highway 1 and Interstate Highway 4, particularly Interstate Highway 4. This finding
can steer the partners towards focusing on what attributes of these roadways might be impacting the
occurrence of secondary incidents and how these might be overcome. In addition, the partners could
conduct additional analyses for these roadways, using other roadway characteristics in the database
(e.g., direction, milepost) to determine if there is one direction of flow and/or particular locations that
are more susceptible to the occurrence of secondary incidents.

Finally, the partners could conduct additional analyses using other incident characteristics (e.g., weather
conditions, severity of injury, number of lanes blocked, number of vehicles involved) to determine if
there are other incident characteristics that tend to lead to more secondary incidents than others.
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Example from the Arizona DPS

A major incentive for the Arizona DPS of measuring TIM performance was to improve first responder
safety. Towards this goal, the DPS conducted the SHRP2 TIM training in 2012. As part of their TIM
performance measurement program, the Arizona DPS collects data not only on the occurrence of
secondary incidents (specifically secondary crashes), but whether or not a first responder is involved in a
secondary crash. Therefore, using their TIM performance data, the DPS could measure the impacts of
the SHRP2 TIM training on the occurrence of secondary crashes involving a first responder.

The graphs shown in Figure 32 compare the percentage of secondary crashes in 2011 (before the SHRP2
TIM training) to those in 2013 (after the SHRP2 TIM training), as well as secondary crashes involving a
first responder to those not involving a first responder.

The data shown in the graph indicate that the percentage of secondary crashes not involving a first
responder actually increased over the3-year period (63 percent in 2011 and 73 percent in 2013). On the
other hand, secondary incidents involving a first responder decreased over the same period (about 7
percent in 2011 before conducting the TIM training and only 2 percent in 2013 after conducting the TIM
training). These findings suggest that the involvement of first responders in the TIM training resulted in
fewer responders being involved in secondary crashes.

Secondary Crashes Not Involving a Secondary Crashes Involving a
1st Responder 1st Responder
80% 80%

73%

70% 70%

60% 60%

50% 50%

40%

40%

30%

30%

20% 20%

10%

10% 79%

3% 2%
- 0.45% 0.67% 0.45%
0

0%

2011 2012 2013 2011 2012 2013
m Secondary to Crash B Secondary to Crash, Invol. 1st Resp.
M Secondary to an Incident B Secondary to an Incident, Invol. 1st Resp.

Figure 32. Comparison of Secondary Crashes Not Involving a First Responder to Those Involving a First
Responder
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CHAPTER 11: TAKING THE NEXT STEP TO TIM PERFORMANCE
MEASUREMENT

This guidance has provided a working framework to support an agency or TIM program in understanding
TIM performance measurement and in establishing a TIM performance measurement database.

Chapters 2-9 have provided an overview of TIM performance measurement, including:

e Descriptions and consistent definitions of the three nationally-recognized TIM performance
measures, as well as how to calculate the performance measures.

e Descriptions/examples of how to use incident characteristics (e.g., incident severity, injury
severity) to put TIM performance measures into context to provide meaningful comparisons of
TIM performance within and between agencies.

e The most common sources of TIM data, including traffic management centers, law enforcement,
and freeway service patrols.

e Adiscussion of the most prevalent issues facing many TIM programs, including inconsistent
definitions; data availability, sharing, and exchange; data quality and completeness; and data
timeliness.

e Example TIM performance graphics and reports, as well as examples of the analysis of TIM
performance data from different perspectives and the use of data visualization techniques.

e Adiscussion of the legal and institutional issues that may affect both TIM performance
measures and the tactical elements of TIM during response to an incident.

e Examples of current agency practices with respect to TIM performance measurement.

e Key points for success.

Chapter 10 has presented an in-depth discussion surrounding the development, implementation, and
application of a model TIM performance measurement database, including:

e Adictionary of data elements pertaining to TIM performance measurement.

e A model TIM performance measurement database schema that logically groups individual data
elements into related areas.

e A script that can be used to generate an empty TIM performance measurement database from
the model schema.

e A script that will populate the look-up tables of the TIM performance measurement database.

e Example analyses of performance objectives or strategic questions that might be of interest to
an agency or TIM program, as well as a link to the corresponding data elements in the model
database.

e Detailed example applications of the model TIM performance measurement database.

e Database scripts/queries associated with the example applications.

e Database outputs, analyses, and visualizations associated with the example applications.

e The model TIM performance measurements database in this guidance is intended to be used by
an agency or group of agencies to download and apply to a database software package to
quickly generate their own TIM performance measurement database.

The model TIM performance measurement database developed for this project is intended to be
downloaded, applied to a database software package, and used by agencies as a starting point for a TIM
performance measurement database or as supplemental or supporting information to an existing TIM
database. To aid agencies in the creation of a TIM performance measurement database, the database
scripts are provided in the appendices; however, an additional and complementary deliverable of this
project is a web-based version of the guidance. The web-based version of the guidance can be found via
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the TIM Network website at timnetwork.org, and the database scripts can be downloaded directly from
this website.

It is the conviction of this guidance that having TIM data organized in a standard way in a relational
database will drive the collection of TIM performance data; provide a centralized repository for the data;
and facilitate the analysis, reporting, and comparison of TIM performance data not only internal to an
agency, but across agencies and regions. As many agencies have begun only recently to collect and
analyze TIM performance data, it is timely and opportune to provide guidance on the implementation
and use of a TIM performance measurement database for data analysis and reporting. The ultimate
goal of developing a TIM performance measurement database is to provide a mechanism for analyzing
TIM program performance to demonstrate transparency, provide program justification, and determine
future improvements and strategies.

Regardless of where an agency or TIM program currently is with respect to TIM performance measures,
this guidance presents pertinent information that can be used to further advance the TIM program. If
an agency is just getting started, the first step might be to convene a committee to support the TIM
performance measurement effort. Members of this committee might include an existing regional TIM
committee to establish regional objectives, identify performance measure of interest, and set initial
performance targets. The committee should also include IT staff from the agency that will be
responsible for creating and maintaining the TIM performance measurement database.

If an agency or group of agencies has already begun to consider or even measure TIM performance, but
lacks a formal process or data, the next step might be to begin working with IT staff and the help of this
guidance to create a TIM performance measurement database. If some data do exist, the data could be
loaded into the database to provide a historical or baseline look at regional TIM performance, while new
incident data are entered into the TIM performance measurement database.

If an agency or group of agencies already has an established TIM performance measurement program, it
might compare its database schema to the model TIM performance measurement database schema
presented in this guidance. Comparisons could yield additional data elements or additional ways of
mining existing data. In addition, as other regions begin to build their own databases, current lead TIM
programs might consider slight modifications to data elements or definitions to allow comparisons
across regions or for aggregation of data for statewide or nationwide analyses.

The important issue to remember is that there are numerous benefits to measuring and tracking TIM
performance. Agencies need to know how they are doing so they can demonstrate transparency,
accountability, process efficiency, and improvements over time; and in order to know how they are
doing, agencies need to be able to track their performance, which requires incident data that are
organized in a meaningful way. Once these data are available, agencies need to understand how to
mine the data and query the database to identify the areas where performance is below par, as well as
to highlight areas where performance is exceptional.

Having a TIM performance measurement database, as well as an understanding of how to mine and
analyze the data, will assist agencies in identifying when, where, and during what types of incidents they
can improve performance. Even if the result is reducing average RCT or ICT by a few minutes, the
outcomes can be significant. This guidance has provided the reader with the tools needed to get started
or to take a TIM program to the next level.
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APPENDIX A

Below is the SQL script that can be used to create an empty TIM performance measurement database.

Source Server : ERIC_Lamp
Source Server Type : MySQL
Source Server Version : 50166
Source Host : localhost
Source Database  :tim_db

Target Server Type : MySQL
Target Server Version : 50166
File Encoding s utf-8

Date: 10/21/2014 21:46:21 PM
*/

SET NAMES utf8;
SET FOREIGN_KEY_CHECKS = 0;

-- Table structure for ‘conditions’
DROP TABLE IF EXISTS ‘conditions’;
CREATE TABLE “conditions’ (
‘conditions_id" int(11) NOT NULL AUTO_INCREMENT,
‘incident_id" int(11) NOT NULL,
‘weather_id" int(11) NOT NULL,
‘lighting_id" int(11) NOT NULL,
PRIMARY KEY (‘conditions_id"),
KEY “fk_conditions_incident1_idx" (‘incident_id"),
KEY “fk_conditions_weatherl_idx" (‘weather_id"),
KEY *fk_conditions_lightingl_idx" (‘lighting_id"),

CONSTRAINT “fk_conditions_incident1® FOREIGN KEY (‘incident_id") REFERENCES ‘incident” (‘incident_id") ON

DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_conditions_lightingl® FOREIGN KEY ('lighting_id") REFERENCES ‘lighting" (‘lighting_id") ON

DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_conditions_weather1® FOREIGN KEY (‘weather_id") REFERENCES “weather™ (‘weather_id") ON

DELETE NO ACTION ON UPDATE NO ACTION
) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for “direction_type’

DROP TABLE IF EXISTS “direction_type’;
CREATE TABLE “direction_type" (

“direction_type_id" int(11) NOT NULL COMMENT '1 = nb'
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“direction” varchar(45) DEFAULT NULL COMMENT 'nb’,
PRIMARY KEY (‘direction_type_id")
) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for “incident’
DROP TABLE IF EXISTS “incident’;
CREATE TABLE ‘incident” (
‘incident_id" int(11) NOT NULL AUTO_INCREMENT,
‘incident_date’ datetime DEFAULT NULL,

‘incident_first_recordable_awareness’ datetime DEFAULT NULL,

‘incident_verified" datetime DEFAULT NULL,
“first_response_dispatched” datetime DEFAULT NULL,
“first_response_arrived” datetime DEFAULT NULL,
‘all_lanes_opened" datetime DEFAULT NULL,
‘last_respondent_departed” datetime DEFAULT NULL,
‘normal_flow_returned” datetime DEFAULT NULL,
“description” varchar(1000) DEFAULT NULL,
‘parent_incident_id" int(11) DEFAULT NULL,
‘incident_type_id" int(11) DEFAULT NULL,
“severity_type_id" int(11) DEFAULT NULL,

PRIMARY KEY (‘incident_id"),

KEY “fk_parent_incident_idx" (‘parent_incident_id"),
KEY “fk_incident_typel_idx" (‘incident_type_id’),

KEY “fk_severity_typel_idx" (‘severity_type_id’),

CONSTRAINT “fk_incident_typel® FOREIGN KEY (‘incident_type_id") REFERENCES ‘incident_type"
(‘incident_type_id") ON DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_parent_incident” FOREIGN KEY ("parent_incident_id") REFERENCES ‘incident’ (‘incident_id") ON

DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_severity_typel® FOREIGN KEY ('severity_type_id") REFERENCES “severity_type"
(‘severity_type_id") ON DELETE NO ACTION ON UPDATE NO ACTION

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for ‘incident_type’

DROP TABLE IF EXISTS “incident_type’;

CREATE TABLE ‘incident_type’ (
‘incident_type_id" int(11) NOT NULL COMMENT '1 = crash’,
‘incident_type" varchar(45) DEFAULT NULL COMMENT ‘crash’,
PRIMARY KEY (‘incident_type_id")

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for “injury_type’
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DROP TABLE IF EXISTS ‘injury_type’;

CREATE TABLE ‘injury_type’ (
‘injury_type_id int(11) NOT NULL,
‘injury” varchar(45) DEFAULT NULL,
PRIMARY KEY (‘injury_type_id")

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for ‘lane_involved®

DROP TABLE IF EXISTS “lane_involved’;

CREATE TABLE ‘lane_involved™ (
‘lane_involved_id" int(11) NOT NULL,
“total_lanes_id" int(11) NOT NULL,
‘lane_number’ int(11) DEFAULT NULL,
‘time_closed” datetime DEFAULT NULL,
“time_open’ datetime DEFAULT NULL,
PRIMARY KEY (‘lane_involved_id’),
KEY “fk_lane_lanesl_idx" (‘total_lanes_id’),

CONSTRAINT “fk_lane_lanes1® FOREIGN KEY (‘total_lanes_id") REFERENCES “total_lanes’ (‘total_lanes_id’) ON

DELETE NO ACTION ON UPDATE NO ACTION
) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for “lanes_involved®
DROP TABLE IF EXISTS “lanes_involved';
CREATE TABLE “lanes_involved" (
‘lanes_involved_id" int(11) NOT NULL COMMENT '1 = shoulder only',
‘lanes_involved® varchar(50) NOT NULL,
“lanes_involved_count’ int(11) NOT NULL,
PRIMARY KEY (‘lanes_involved_id")
) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for “lighting’

DROP TABLE IF EXISTS lighting’;

CREATE TABLE ‘lighting” (
‘lighting_id" int(11) NOT NULL COMMENT '1 = daylight',
‘lighting_type" varchar(45) NOT NULL COMMENT 'daylight’,
PRIMARY KEY ('lighting_id")

) ENGINE=InnoDB DEFAULT CHARSET=utf8;
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-- Table structure for ‘location_type’

DROP TABLE IF EXISTS “location_type’;

CREATE TABLE ‘location_type’ (
“location_type_id" int(11) NOT NULL COMMENT '1 = mile marker",
“location_type" varchar(45) DEFAULT NULL COMMENT 'milemarker’,
PRIMARY KEY (‘location_type_id")

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for ‘named_roadway"
DROP TABLE IF EXISTS ‘named_roadway;
CREATE TABLE “named_roadway" (
‘named_roadway_id" int(11) NOT NULL COMMENT 'interstate 1',
‘name’ varchar(45) DEFAULT NULL,
‘roadway_type_id" int(11) DEFAULT NULL,
‘direction_type_id" int(11) DEFAULT NULL,
“locationvalue™ varchar(45) DEFAULT NULL,
PRIMARY KEY (‘named_roadway_id’),
KEY ‘fk_roadway_roadway_typel_idx (‘roadway_type_id’),

KEY “fk_roadway_direction_typel_idx" (‘direction_type_id’),
CONSTRAINT “fk_roadway_direction_typel® FOREIGN KEY ("direction_type_id") REFERENCES “direction_type’
(‘direction_type_id") ON DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_roadway_roadway_typel” FOREIGN KEY (‘roadway_type_id") REFERENCES ‘roadway_type’
(‘roadway_type_id’) ON DELETE NO ACTION ON UPDATE NO ACTION

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for ‘organization®

DROP TABLE IF EXISTS “organization’;

CREATE TABLE “organization” (
‘organization_id" int(11) NOT NULL COMMENT '1 = fire department’,
‘organization_type’ varchar(45) DEFAULT NULL COMMENT 'fire department’,
PRIMARY KEY (‘organization_id")

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for “participant’

DROP TABLE IF EXISTS “participant’;

CREATE TABLE “participant” (
“participant_id" int(11) NOT NULL,
‘id” varchar(45) DEFAULT NULL,
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“participants_id" int(11) NOT NULL,

“participant_type_id" int(11) NOT NULL,

‘organization_id" int(11) NOT NULL,

‘injury_type_id int(11) NOT NULL,

PRIMARY KEY (*participant_id’),

KEY “fk_participant_participants1_idx" (‘participants_id’),

KEY “fk_participant_participant_typel_idx" (*participant_type_id’),

KEY “fk_participant_organization1_idx" (‘organization_id"’),

KEY “fk_participant_injury_typel_idx (‘injury_type_id’),

CONSTRAINT “fk_participant_injury_typel® FOREIGN KEY (‘injury_type_id") REFERENCES “injury_type"
(‘injury_type_id") ON DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_participant_organization1® FOREIGN KEY (‘organization_id") REFERENCES “organization®
(‘organization_id") ON DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_participant_participantsl® FOREIGN KEY (“participants_id") REFERENCES “participants’
(‘participants_id") ON DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_participant_participant_typel® FOREIGN KEY ('participant_type_id") REFERENCES
“participant_type’ (‘participant_type_id") ON DELETE NO ACTION ON UPDATE NO ACTION

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for “participant_type’
DROP TABLE IF EXISTS “participant_type’;
CREATE TABLE “participant_type” (
“participant_type_id" int(11) NOT NULL,
“participant_type’ varchar(45) DEFAULT NULL COMMENT '1 = Driver',
PRIMARY KEY (‘participant_type_id")
) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for “participants’

DROP TABLE IF EXISTS “participants’;
CREATE TABLE “participants’ (
“participants_id" int(11) NOT NULL AUTO_INCREMENT,
“participants_count’ int(11) DEFAULT NULL,
‘serious_injuries” int(11) DEFAULT NULL,
‘minor_injuries’” int(11) DEFAULT NULL,
“fatalities” int(11) DEFAULT NULL,
‘incident_id" int(11) NOT NULL,
‘pdo’ tinyint(1) DEFAULT NULL,
PRIMARY KEY ("participants_id’),
KEY “fk_participants_incident1_idx" (‘incident_id"),
CONSTRAINT “fk_participants_incidentl® FOREIGN KEY (‘incident_id") REFERENCES ‘incident’ (‘incident_id") ON
DELETE NO ACTION ON UPDATE NO ACTION
) ENGINE=InnoDB DEFAULT CHARSET=utf8;
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-- Table structure for ‘respondent’
DROP TABLE IF EXISTS ‘respondent’;
CREATE TABLE ‘respondent’ (
‘respondent_id int(11) NOT NULL AUTO_INCREMENT,
‘id” varchar(100) DEFAULT NULL,
“time_on_scene” datetime DEFAULT NULL,
“time_off_scene’ datetime DEFAULT NULL,
‘respondents_id" int(11) NOT NULL,
‘organization_id" int(11) NOT NULL,
‘respondent_vehicle_id" int(11) NOT NULL,
PRIMARY KEY (‘respondent_id’),
KEY “fk_respondent_respondentsl_idx" (‘respondents_id’),

KEY “fk_respondent_organization1_idx" (‘organization_id"),
KEY “fk_respondent_respondent_vehiclel_idx" (‘respondent_vehicle_id"),

CONSTRAINT “fk_respondent_organization1® FOREIGN KEY (‘organization_id") REFERENCES ‘organization’
(‘organization_id") ON DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_respondent_respondentsl® FOREIGN KEY (‘respondents_id") REFERENCES ‘respondents’
(‘respondents_id’) ON DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_respondent_respondent_vehiclel® FOREIGN KEY (‘respondent_vehicle_id") REFERENCES
‘respondent_vehicle” (‘respondent_vehicle_id") ON DELETE NO ACTION ON UPDATE NO ACTION

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for ‘respondent_vehicle’
DROP TABLE IF EXISTS ‘respondent_vehicle’;
CREATE TABLE ‘respondent_vehicle” (
‘respondent_vehicle_id" int(11) NOT NULL AUTO_INCREMENT COMMENT '1 = le,
‘respondents_id" int(11) NOT NULL,
‘time_on_scene’ datetime DEFAULT NULL,
“time_off_scene’ datetime DEFAULT NULL,
‘vehicle_type_id" int(11) NOT NULL,
PRIMARY KEY (‘respondent_vehicle_id"),
KEY ‘fk_respondent_vehicle_respondentsl_idx" (‘respondents_id’),

KEY *fk_respondent_vehicle_vehicle_typel_idx" (‘vehicle_type_id’),
CONSTRAINT “fk_respondent_vehicle_respondentsl’ FOREIGN KEY (‘respondents_id") REFERENCES ‘respondents’
(‘respondents_id*) ON DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_respondent_vehicle_vehicle_typel® FOREIGN KEY (‘vehicle_type_id") REFERENCES
‘vehicle_type" (‘vehicle_type_id") ON DELETE NO ACTION ON UPDATE NO ACTION

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for ‘respondents’
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DROP TABLE IF EXISTS ‘respondents’;
CREATE TABLE ‘respondents’ (
‘respondents_id" int(11) NOT NULL AUTO_INCREMENT,
‘number_people’ int(11) DEFAULT NULL,
‘number_vehicles” int(11) DEFAULT NULL,
‘incident_id" int(11) NOT NULL,
PRIMARY KEY (‘respondents_id"),
KEY “fk_respondents_incidentl_idx" (‘incident_id’),
CONSTRAINT “fk_respondents_incidentl® FOREIGN KEY (‘incident_id") REFERENCES ‘incident’ (‘incident_id") ON
DELETE NO ACTION ON UPDATE NO ACTION
) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for ‘roadway’
DROP TABLE IF EXISTS ‘roadway;
CREATE TABLE ‘roadway" (
‘roadway_id" int(11) NOT NULL AUTO_INCREMENT,
“location_type_id" int(11) NOT NULL,
“locationvalue™ varchar(45) DEFAULT NULL,
“total_lanes_id" int(11) NOT NULL,
“surface_conditions_id" int(11) NOT NULL,
‘named_roadway_id" int(11) NOT NULL,
‘workzone® tinyint(1) DEFAULT NULL,
PRIMARY KEY (‘roadway_id"),
KEY “fk_roadway_location_typel_idx" (‘location_type_id’),

KEY ‘fk_roadway_lanes1_idx" (‘total_lanes_id"),
KEY “fk_roadway_roadway_conditions1_idx" (‘surface_conditions_id’),
KEY ‘fk_roadway_named_roadwayl_idx" (‘named_roadway_id’),

CONSTRAINT “fk_roadway_lanes1® FOREIGN KEY (‘total_lanes_id*) REFERENCES “total_lanes’ (‘total_lanes_id") ON
DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_roadway_location_typel” FOREIGN KEY (‘location_type_id") REFERENCES ‘location_type"
(‘location_type_id") ON DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_roadway_named_roadwayl® FOREIGN KEY (‘named_roadway_id") REFERENCES
‘named_roadway’ (‘named_roadway_id") ON DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_roadway_roadway_conditions1® FOREIGN KEY (‘surface_conditions_id") REFERENCES
‘surface_conditions™ (“surface_conditions_id") ON DELETE NO ACTION ON UPDATE NO ACTION

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for ‘roadway_has_incident’

DROP TABLE IF EXISTS ‘roadway_has_incident’;

CREATE TABLE ‘roadway_has_incident” (
‘roadway_roadway_id" int(11) NOT NULL,
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‘incident_id" int(11) NOT NULL,

PRIMARY KEY (‘roadway_roadway_id", incident_id"),

KEY ‘fk_roadway_has_incidentl_idx" (‘incident_id’),

KEY ‘fk_roadway_has_incident_roadwayl_idx" (‘roadway_roadway id’),

CONSTRAINT “fk_roadway_has_incident1® FOREIGN KEY (‘incident_id") REFERENCES ‘incident’ (‘incident_id") ON
DELETE NO ACTION ON UPDATE NO ACTION,

CONSTRAINT “fk_roadway_has_incident_roadwayl® FOREIGN KEY (‘roadway_roadway_id") REFERENCES
‘roadway" (‘roadway_id') ON DELETE NO ACTION ON UPDATE NO ACTION

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for ‘roadway_type"

DROP TABLE IF EXISTS ‘roadway_type’;

CREATE TABLE ‘roadway_type" (
‘roadway_type_id" int(11) NOT NULL COMMENT '1 = freeway',
‘roadway_type" varchar(45) NOT NULL COMMENT 'freeway’,
PRIMARY KEY (‘roadway_type_id")

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for “severity_type’

DROP TABLE IF EXISTS “severity_type’;

CREATE TABLE ‘severity_type’ (
‘severity_type_id" int(11) NOT NULL,
“severity_type’ varchar(45) DEFAULT NULL,
PRIMARY KEY ( severity_type_id")

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for “surface_conditions’

DROP TABLE IF EXISTS “surface_conditions’;

CREATE TABLE ‘surface_conditions’ (
‘surface_conditions_id" int(11) NOT NULL COMMENT '1 =dry ',
‘surface_condition’ varchar(45) DEFAULT NULL COMMENT 'dry ',
PRIMARY KEY ('surface_conditions_id")

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for “total_lanes’

DROP TABLE IF EXISTS “total_lanes’;

CREATE TABLE “total_lanes’ (
“total_lanes_id" int(11) NOT NULL,
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“total_lanes_at_scene” int(11) DEFAULT NULL,

“lanes_involved_id" int(11) NOT NULL,

PRIMARY KEY (‘total_lanes_id’),

KEY “fk_total_lanes_lanes_involved typel idx (‘lanes_involved_id’),

CONSTRAINT “fk_total_lanes_lanes_involved_typel’ FOREIGN KEY (‘lanes_involved_id") REFERENCES
‘lanes_involved" (‘lanes_involved_id") ON DELETE NO ACTION ON UPDATE NO ACTION

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for ‘vehicle_type®

DROP TABLE IF EXISTS ‘vehicle_type’;

CREATE TABLE “vehicle_type” (
‘vehicle_type_id" int(11) NOT NULL,
‘type’ varchar(45) DEFAULT NULL,
PRIMARY KEY (‘vehicle_type_id")

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for “vehicles’
DROP TABLE IF EXISTS “vehicles’;
CREATE TABLE “vehicles® (

‘vehicles_id" int(11) NOT NULL AUTO_INCREMENT,

‘number_vehicles™ int(11) DEFAULT NULL,

“heavy_vehicle_involved" tinyint(1) DEFAULT NULL,

*hazmat_involved tinyint(1) DEFAULT NULL,

‘incident_id" int(11) NOT NULL,

PRIMARY KEY (‘vehicles_id"),

KEY “fk_vehicles_incidentl_idx" (‘incident_id"),

CONSTRAINT “fk_vehicles_incidentl” FOREIGN KEY (‘incident_id") REFERENCES “incident” (‘incident_id") ON
DELETE NO ACTION ON UPDATE NO ACTION

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

-- Table structure for ‘weather’

DROP TABLE IF EXISTS ‘weather’;

CREATE TABLE “weather’ (
‘weather_id" int(11) NOT NULL COMMENT '1 = clear",
‘weather_type’ varchar(45) NOT NULL COMMENT 'clear’,
PRIMARY KEY (‘weather_id")

) ENGINE=InnoDB DEFAULT CHARSET=utf8;

SET FOREIGN_KEY_CHECKS = 1;
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APPENDIX B

Below is the SQL script that will populate the look-up tables in the TIM performance measurement
database according to the data dictionary shown in Table 3 of the guidance.

/** clear data tables

delete from conditions;

delete from respondent_vehicle;
delete from respondents;

delete from vehicles;

delete from roadway_has_incident;
delete from roadway;

delete from participants;

delete from incident where parent_incident_id is not null;
delete from incident;

delete from named_roadway;

*/

insert into incident_type (incident_type_id, incident_type) values (1,'Crash');

insert into incident_type (incident_type_id, incident_type) values (2,'Vehicle fire');
insert into incident_type (incident_type_id, incident_type) values (3,'Disabled vehicle');
insert into incident_type (incident_type_id, incident_type) values (4,'Out of Fuel');
insert into incident_type (incident_type_id, incident_type) values (5,'Debris');

insert into incident_type (incident_type_id, incident_type) values (6,'Other');

insert into severity_type (severity_type_id, severity_type) values (1,'Minor');
insert into severity_type (severity_type_id, severity_type) values (2,'Intermediate');
insert into severity_type (severity_type_id, severity_type) values (3,'Major');

insert into lighting (lighting_id, lighting_type) values (1,'Daylight');
insert into lighting (lighting_id, lighting_type) values (2,'Dusk');
insert into lighting (lighting_id, lighting_type) values (3,'Dark');
insert into lighting (lighting_id, lighting_type) values (4,'Dawn');

insert into weather(weather_id, weather_type) values (1,'Clear');

insert into weather(weather_id, weather_type) values (2,'Rain');

insert into weather(weather_id, weather_type) values (3,'Sleet or Hail');
insert into weather(weather_id, weather_type) values (4,'Snow');

insert into weather(weather_id, weather_type) values (5,'Fog');

insert into weather(weather_id, weather_type) values (6,'Cloudy');

insert into weather(weather_id, weather_type) values (7,'Freezing Rain');
insert into weather(weather_id, weather_type) values (8,'Drizzle');

insert into injury_type(injury_type_id, injury) values (1,'None');
insert into injury_type(injury_type_id, injury) values (2,'Minor');

insert into injury_type(injury_type_id, injury) values (3,'Serious');
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insert into injury_type(injury_type_id, injury) values (4,'Fatality');
insert into direction_type(direction_type_id, direction) values (1,'Northbound');
insert into direction_type(direction_type_id, direction) values (2,'Southbound');
insert into direction_type(direction_type_id, direction) values (3,'Eastbound’);

values (4,'Westbound');

_ = = =

insert into direction_type(direction_type_id, direction

insert into roadway_type (roadway_type_id, roadway_type) values (1,'Freeway');
insert into roadway_type (roadway_type_id, roadway_type) values (2,'Arterial’);
insert into roadway_type (roadway_type_id, roadway_type) values (3,'Collector/Distributor');

insert into location_type(location_type_id, location_type) values (1,'Mile Marker');
insert into location_type(location_type_id, location_type) values (2,'Nearest Ramp');
insert into location_type(location_type_id, location_type) values (3,'Cross Street');

insert into participant_type(participant_type_id, participant_type) values (1,'Driver');

insert into participant_type(participant_type_id, participant_type) values (2,'Passenger');
insert into participant_type(participant_type_id, participant_type) values (3,'Pedestrian’);
insert into participant_type(participant_type_id, participant_type) values (4,'Cyclist');

insert into participant_type(participant_type_id, participant_type) values (5, First Responder');
insert into participant_type(participant_type_id, participant_type) values (6,'Other');

insert into organization (organization_id, organization_type) values (1,'Fire Department');

insert into organization (organization_id, organization_type) values (2,'Police Department');

insert into organization (organization_id, organization_type) values (3, Transportation Organization');
insert into organization (organization_id, organization_type) values (4,'Private Organization');

insert into organization (organization_id, organization_type) values (5,'Towing Company');

insert into organization (organization_id, organization_type) values (6,'Health Department');

insert into organization (organization_id, organization_type) values (6,'Freeway Service Patrol');

insert into vehicle_type (vehicle_type_id,type) values (1,'Law Enforcement');
insert into vehicle_type (vehicle_type_id,type) values (2,'Fire');

insert into vehicle_type (vehicle_type_id,type) values (3,'EMS');

insert into vehicle_type (vehicle_type_id,type) values (4,'Transportation');

insert into vehicle_type (vehicle_type_id,type) values (5, Towing');

insert into vehicle_type (vehicle_type_id,type) values (6,'Medical Examiner');
insert into vehicle_type (vehicle_type_id,type) values (6,'Freeway Service Patrol');

insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (1,'Shoulder only',0);
insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (2,'lane 1',1);
insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (3,'lane 2',1);
insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (4,'lane 3',1);
insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (5,'lane 4',1);

insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (6,'shoulder and lane
14,2);
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insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (7,'lane 1 and lane
2',2);

insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (8,'lane 2 and lane
3'2);

insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (9,'lane 3 and lane
4',2);

insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (10,'shoulder, lane 1,
lane 2',3);

insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (11,'lane 1, lane 2,
lane 3',3);

insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (12,'lane 2, lane 3,
lane 4',3);

insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (13,'shoulder, lane 1,
lane 2, lane 3',4);

insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (14,'lane 1, lane 2,
lane 3, lane 4',4);

insert into lanes_involved (lanes_involved_id, lanes_involved, lanes_involved_count) values (15,'all lanes',4);

insert into surface_conditions (surface_conditions_id, surface_condition) values (1,'Dry');
insert into surface_conditions (surface_conditions_id, surface_condition) values (2,'Wet');
insert into surface_conditions (surface_conditions_id, surface_condition) values (3,'Snow');
insert into surface_conditions (surface_conditions_id, surface_condition) values (4,'lce');
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APPENDIX C

The attributes for each table in the TIM performance measurement database are shown in Table C-1.
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Table C-1. Attributes for Each Table in the TIM Data Model

Data Table Name Name of Column in Data Tables Column Comment Data Type O,[\Jltji!n Fl,f( Is FK
INCIDENT INCIDENT_ID A unique identifier for the incident. INTEGER NOT Yes | No
NULL

INCIDENT INCIDENT_DATE The date and time of the incident. DATETIME NULL No No

INCIDENT INCIDENT_FIRST_RECORDABLE_AWARENESS | The date and time of the first DATETIME NULL No No
recordable awareness of an incident
by a responsible agency.

INCIDENT INCIDENT_VERIFIED The date and time that the incident DATETIME NULL No | No
was verified.

INCIDENT FIRST_RESPONSE_DISPATCHED The date and time that the first DATETIME NULL No No
response was dispatched to the
incident.

INCIDENT FIRST_RESPONSE_ARRIVED The date and time that the first DATETIME NULL No No
response arrived at the incident.

INCIDENT ALL LANES_OPENED The date and time that all lanes are DATETIME NULL No | No
available for traffic flow after the
incident.

INCIDENT LAST_RESPONDENT_DEPARTED The date and time at which the last DATETIME NULL No No
responder has left the incident scene.

INCIDENT NORMAL_FLOW_RETURNED The date and time that normal flow DATETIME NULL No | No
operations returned to the incident
area.

INCIDENT DESCRIPTION This is a description of the incident. VARCHAR NULL No No

INCIDENT PARENT_INCIDENT_ID If this is a secondary incident, what INTEGER NULL No Yes
was the ID of the primary incident
that caused it to occur.

INCIDENT INCIDENT_TYPE_ID The ID of the type of incident. INTEGER NULL No No

INCIDENT SEVERITY_TYPE_ID The ID of the severity of the incident. | INTEGER NULL No No

INCIDENT TYPE INCIDENT_TYPE_ID The ID of the incident type. INTEGER NOT Yes | No
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Data Table Name Name of Column in Data Tables Column Comment Data Type O,;I;Ji!n |:I>T< Is FK
NULL
INCIDENT TYPE INCIDENT_TYPE The type of incident. Crash, vehicle VARCHAR(45) NULL No Yes
fire, disabled vehicle, out of fuel,
debris, and other.
INJURY TYPE INJURY_TYPE_ID The ID of the injury type. INTEGER NOT Yes ' No
NULL
INJURY TYPE INJURY TYPE The type of injury. None, minor, VARCHAR(45) NULL No | Yes
serious, fatality.
CONDITIONS CONDITIONS_ID The ID of the condition. INTEGER NOT Yes ' No
NULL
CONDITIONS INCIDENT_ID The ID of the Incident this references. | INTEGER NOT No Yes
NULL
CONDITIONS WEATHER_ID The ID of the Weather this references. | INTEGER NOT No Yes
NULL
CONDITIONS LIGHTING_ID The ID of the Lighting this references. | INTEGER NOT No Yes
NULL
LIGHTING LIGHTING_ID The ID of the lighting. INTEGER NOT Yes ' No
NULL
LIGHTING LIGHTING_TYPE The lighting type. Dawn, daylight, VARCHAR(45) NULL No No
dusk, and dark.
WEATHER WEATHER_ID The ID of this weather. INTEGER NOT Yes ' No
NULL
WEATHER WEATHER_TYPE The weather type. Clear, cloudy, VARCHAR(45) NULL No No
drizzle, rain, freezing rain, sleet or
hail, snow, and fog.
PARTICIPANTS PARTICIPANTS_ID The ID of the participants. INTEGER NOT Yes ' No
NULL
PARTICIPANTS PARTICIPANTS_COUNT The number of participants in this INTEGER NULL No No
incident.
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Data Table Name Name of Column in Data Tables Column Comment Data Type O';Jltji!n |:I>T< Is FK
PARTICIPANTS SERIOUS_INJURIES The number of serious injuries. INTEGER NULL No No
PARTICIPANTS MINOR_INJURIES The number of minor injuries. INTEGER NULL No No
PARTICIPANTS FATALITIES The number of fatalities. INTEGER NULL No |No
PARTICIPANTS INCIDENT_ID The ID of the Incident this references. | INTEGER NOT No Yes

NULL
PARTICIPANTS PDO Property Damage Only flag.
PARTICIPANT TYPE PARTICIPANT_TYPE_ID The ID of the participant type. INTEGER NOT Yes | No
NULL
PARTICIPANT TYPE PARTICIPANT_TYPE The participant type. Driver, VARCHAR(45) NOT No |No
passenger, pedestrian, cyclist, first NULL
responder, and other.
SEVERITY TYPE SEVERITY_TYPE_ID The ID of the severity type. INTEGER NOT Yes | No
NULL
SEVERITY TYPE SEVERITY_TYPE The severity type. Serious, VARCHAR(45) NOT No | No
intermediate, minor NULL
ROADWAY ROADWAY_ID The ID of the Roadway. INTEGER NOT Yes ' No
NULL
ROADWAY LOCATION_TYPE_ID The ID of the Location Type this INTEGER NOT No Yes
references. NULL
ROADWAY LOCATIONVALUE The value of the location. VARCHAR(45) NULL No |No
ROADWAY TOTAL_LANES_ID The ID of the Lanes this references. INTEGER NOT No Yes
NULL
ROADWAY SURFACE _CONDITIONS_ID The ID of the Surface Conditions this | INTEGER NOT No Yes
references. NULL
ROADWAY NAMED_ROADWAY _ID The ID of the Named Roadway this INTEGER NOT No |Yes
references. NULL
ROADWAY WORKZONE Indicates whether this is a work zone | TINYINT NULL No |No
or not.
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ROADWAY HAS INCIDENT A ROADWAY_ROADWAY_ID The ID of the Roadway this INTEGER NOT Yes Yes
references. NULL
ROADWAY HAS INCIDENT | INCIDENT_ID The ID of the Incident this references. |INTEGER NOT Yes | Yes
NULL
LOCATION TYPE LOCATION_TYPE_ID The ID of the location type. INTEGER NOT Yes ' No
NULL
LOCATION TYPE LOCATION_TYPE The location type. Mile Marker, VARCHAR(45) NULL No No
Nearest Ramp, Cross Street.
NAMED ROADWAY NAMED_ROADWAY_ID The ID of the named roadway. INTEGER NOT Yes ' No
NULL
NAMED ROADWAY NAME The name of the roadway. VARCHAR(45) NULL No No
NAMED ROADWAY ROADWAY_TYPE_ID The ID of the Roadway Type this INTEGER NOT No Yes
references. NULL
NAMED ROADWAY DIRECTION_TYPE_ID The ID of the Direction Type this INTEGER NOT No Yes
references. NULL
NAMED ROADWAY LOCATIONVALUE The location value. VARCHAR(45) NULL No |No
ROADWAY TYPE ROADWAY_TYPE_ID The ID of this roadway type. INTEGER NOT Yes | No
NULL
ROADWAY TYPE ROADWAY_TYPE The roadway type. Freeway, Arterial, | VARCHAR(45) NULL No No
Collector/Distributor.
DIRECTION TYPE DIRECTION_TYPE_ID The ID of the direction type. INTEGER NOT Yes ' No
NULL
DIRECTION TYPE DIRECTION The direction. NB, SB, EB, WB VARCHAR(45) NULL No No
TOTAL_LANES TOTAL_LANES_ID The ID of the total lanes. INTEGER NOT Yes | No
NULL
TOTAL_LANES TOTAL_LANES_AT_SCENE The total lanes at the scene. INTEGER NOT No No
NULL
TOTAL_LANES LANES_INVOLVED_ID The ID of the lanes involved that this | INTEGER NULL No No

C5|Page




Data Table Name Name of Column in Data Tables Column Comment Data Type O';Jltji!n |:I>T< Is FK
record references.
LANES_INVOLVED LANES_INVOLVED_ID The ID of the lanes. INTEGER NOT Yes | No
NULL
LANES_INVOLVED LANES_INVOLVED The lanes involved in this roadway. VARCHAR(50) NULL No No
Can be Shoulder Only, Lane 1, Lane 2,
Lane 3, Lane 4, All Lanes, Shoulder
and Lane 1, etc...
LANES_INVOLVED LANES_INVOLVED_COUNT Number of lanes involved. INTEGER NULL No No
LANE_INVOLVED LANE_INVOLVED_ID The ID of the lanes. INTEGER NOT Yes ' No
NULL
LANE_INVOLVED TOTAL_LANES_ID The ID of the Total Lanes that this INTEGER NULL No |Yes
record references.
LANE_INVOLVED LANE_NUMBER The lane number. INTEGER NULL No No
LANE_INVOLVED TIME_CLOSED The time the lane was closed. DATE/TIME NULL No No
LANE_INVOLVED TIME_OPEN The time the lane was opened. DATE/TIME NULL No No
SURFACE CONDITIONS SURFACE_CONDITIONS_ID The ID of the surface conditions. INTEGER NOT Yes ' No
NULL
SURFACE CONDITIONS SURFACE_CONDITION The condition of the surface. Dry, VARCHAR(45) NULL No No
Wet, Snow, Ice.
RESPONDENTS RESPONDENTS_ID The ID of the respondents. INTEGER NOT Yes ' No
NULL
RESPONDENTS NUMBER_PEOPLE The number of people that INTEGER NULL No No
responded.
RESPONDENTS NUMBER_VEHICLES The number of vehicles that INTEGER NULL No No
responded.
RESPONDENTS INCIDENT_ID The ID of the incident this references. | INTEGER NOT No Yes
NULL
RESPONDENT VEHICLE RESPONDENT_VEHICLE_ID The ID of the respondent vehicles. INTEGER NOT Yes | No
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NULL
RESPONDENT VEHICLE VEHICLE_TYPE_ID The ID of the vehicle type. INTEGER NOT No No
NULL
RESPONDENT VEHICLE TIME_ON_SCENE The time this vehicle was on scene. DATE/TIME NOT No No
NULL
RESPONDENT VEHICLE TIME_OFF_SCENE The time this vehicle was off scene. DATE/TIME NOT No | No
NULL
RESPONDENT VEHICLE RESPONDENTS_ID The ID of the respondent that this INTEGER NOT No | Yes
references. NULL
RESPONDENT RESPONDENT_ID The ID of the individual respondent. INTEGER NOT Yes | No
NULL
RESPONDENT NAME The name of this respondent. DATE/TIME NOT No | No
NULL
RESPONDENT TIME_ON_SCENE The time this respondent was on DATE/TIME NOT No | No
scene. NULL
RESPONDENT TIME_OFF_SCENE The time this respondent was off DATE/TIME NOT No No
scene. NULL
RESPONDENT RESPONDENTS_ID The ID of the respondents that this INTEGER NOT No | Yes
references. NULL
RESPONDENT ORGANIZATION_ID The ID of the organization that this INTEGER NOT No | Yes
references. NULL
RESPONDENT RESPONDENT_VEHICLE_ID The ID of the respondent vehicle that | INTEGER NOT No | Yes
this references. NULL
ORGANIZATION ORGANIZATION_ID The ID of the organization. INTEGER NOT Yes | No
NULL
ORGANIZATION ORGANIZATION_TYPE The type of the organization. Towing |[INTEGER NOT No [No
company, police department, fire NULL
department, transportation
organization, freeway service patrol,
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private organization, and health
department.

VEHICLE TYPE VEHICLE_TYPE_ID The ID of this vehicle type. INTEGER NOT Yes | No

NULL

VEHICLE TYPE VEHICLE_TYPE The vehicle type. Towing, law VARCHAR(45) NULL No |No
enforcement, fire, EMS, medical
examiner, and transportation, freeway
service patrol.

VEHICLES VEHICLES_ID The ID of the Vehicles. INTEGER NOT Yes |No

NULL

VEHICLES NUMBER_VEHICLES The number of vehicles involved. INTERGER NULL No |No

VEHICLES HEAVY_VEHICLE_INVOLVED Does this involve a heavy vehicle. TINYINT NULL No [No

VEHICLES HAZMAT_INVOLVED Does this involve a hazmat vehicle. TINYINT NULL No [No

VEHICLES INCIDENT_ID The ID of the incident that this INTEGER NULL No |YES
references.

PARTICIPANT PARTICIPANT_ID The ID of this participant. INTEGER NULL Yes |[No

PARTICIPANT NAME The name of the participant. VARCHAR(45) NULL No |No

PARTICIPANT PARTICIPANTS_ID The ID of the participants that this INTEGER NULL No |Yes
references.

PARTICIPANT PARTICIPANT_TYPE_ID The ID of the participant type that this [ INTEGER NULL No |Yes
references.

PARTICIPANT ORGANIZATION_ID The ID of the organization that this INTEGER NULL No |Yes
references.

PARTICIPANT INJURY_TYPE_ID The ID of the injury type that this INTEGER NULL No |Yes
references.
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