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Wiliam Hyman, SHRP 2 Senior Program Officer, Reliability

Reliability of transport, especially the ability to reach a destination within a certain amount
of time, is a regular concern of travelers and shippers. The definition of reliability used in
this research is how travel time varies over time. The variability can apply to the travel times
observed over a road segment during a specific time slice (e.g., 3 to 6 p.m.) over a fairly long
period of time, say a year. The variability can also pertain to the travel times of repeated trips
made by a person or a truck between a given origin and destination. Agencies are increas-
ingly aware of the issue of reliability, although the transportation industry as a whole as yet
lacks a firm understanding of the causes and solutions to failures of reliability. As the agenda
for the SHRP 2 research on travel time reliability took shape, it became clear a fundamental
study was required to be able to talk about travel time reliability in a meaningful way.

Basic reliability issues are addressed in this study, which is not concerned with average travel
times, but rather ways of describing travel times that reflect the uncertainty in the amount
of time required to travel between two points. Some of the uncertainty is systematic, such
as the normal ebb and flow of traffic within the course of a work day or season of the year.
Congestion associated with this systematic uncertainty is called recurrent. Congestion due
to unpredictable or unexpected events is called nonrecurrent. Sources of nonrecurrent con-
gestion include incidents (e.g., accidents), work zones, weather, special events, problems
with traffic control devices, and unexpected fluctuations in demand.

If every travel time observed over a highway section for a year is plotted, a distribution
of travel time is obtained. This plotted distribution is the picture of travel time variability.
Such distributions are the focus of this research, especially the degree to which recurring and
nonrecurring congestion influence the nature of the distribution. This research shows how
to derive performance measures from such distributions and recommends a set for use by
managers, planners, and systems operators. The research reexamines the composition of the
congestion puzzle in terms of the fractions attributable to recurrent and various sources of
nonrecurrent congestion. The project team used before-and-after studies to determine the
effectiveness of different types of actions, both operational and capacity improvements, in
improving reliability. This study also examined the effect of the downturn of the economy
on travel time reliability. Finally, this research resulted in two types of models that can be
used to estimate or predict travel time reliability. These models have broad applicability to
planning, programming, and systems management and operations.
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Executive Summary

Project Background

The fundamental objective of SHRP 2 Project L03 was to develop predictive relationships
between highway improvements and travel time reliability. In other words, how can the effect of
an improvement on reliability be predicted? Alternatively, how can reliability be characterized as
a function of highway, traffic, and operating conditions? A variety of challenging issues have been
confronted in addressing this objective.

Significance of Travel Time Reliability
in Transportation System Performance

Reliability is important to travelers and transportation practitioners for a variety of reasons:

¢ From an economic perspective, reliability is highly important because travelers must either bud-
get extra time for their trips to avoid arriving late or suffer the consequences of being late. This
extra time has value beyond the average travel time used in traditional economic analyses. Recent
work has documented that reliability has value to travelers and influences their behavior (1, 2).

e Because of the extra time required in planning trips and uncertainty about the amount of time
actually needed for a trip, reliability influences decisions about where, when, and how travel
is made.

e Transportation planners and operators need to include the extra economic cost of unreliable
travel on users in project planning, programming, and selection processes. This is particularly
true of strategies that deal directly with roadway events (e.g., incidents). In the past, most
assessments of these types of strategies have missed this important aspect of travel.

New Concept of Travel Time Reliability

Although use of travel time-based performance measures in planning and operations applica-
tions has taken on greater significance in the past few years, travel time reliability—how consis-
tent (or variable) travel conditions are from day to day—is a relatively new concept to which
much of the transportation profession has had only limited exposure. Congestion has been
growing nationwide, and planners increasingly have become involved in short-term activities
such as performance monitoring, as well as operations and management strategies. These activ-
ities have been elevated in importance by transportation agencies in order to be responsive to the
demands of the public and state legislatures. Anecdotal reports and technical studies indicate
that average congestion levels have grown, and continue to grow, in our cities.

However, talking about typical or average conditions in a transportation system that experi-
ences wide performance fluctuations tells only part of the story. The notion of travel time
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reliability has taken on increasing importance as variation in travel times is now understood as
a separate component of the public’s and business sector’s frustration with congestion problems.
Reliability is a major part of system performance and of travelers’ perceptions of performance.
It has not been widely used to describe performance, but increasingly agencies are recognizing
its value in assessing their own performance and in communicating performance to the public.

Defining Travel Time Reliability

The Future Strategic Highway Research Program (F-SHRP) defined highway travel time vari-
ability as synonymous with reliability:

... from a practical standpoint, travel-time reliability can be defined in terms of how travel times vary
over time (e.g., hour-to-hour, day-to-day). This concept of variability can be extended to any other
travel-time-based metrics such as average speeds and delay. For the purpose of this study, travel time
variability and reliability are used interchangeably. (3)

A slightly different view of reliability is based on the notion of the probability of failure, which
is often used to characterize industrial processes. With this view, failure is defined in terms of
travel times, and the number of times a given threshold is not achieved or exceeded can be counted.

In recent years, some non-U.S. reliability research has defined the probability of failure in terms
of traffic flow breakdown. A corollary concept, vulnerability, is a measure of how vulnerable the
network is to breakdown conditions. This concept can be applied at the link or network level.

Understanding Travel Time Reliability

To understand travel time reliability, it is essential to understand the factors that cause travel
times to be unreliable. L03 research built on what the original F-SHRP Reliability Research Plan
identified as seven sources of congestion that cause travel times to be unreliable and contribute
to total congestion: incidents, inclement weather, work zones, special events, traffic control
device timing, demand fluctuations, and inadequate base capacity. These categories were devel-
oped to move away from the more general recurring—nonrecurring nomenclature.

Operational Strategies and Capacity Expansion

This project studied operational strategies and capacity expansion projects, both of which were
expected to affect reliability. Many operational strategies are aimed specifically at the factors that
cause unreliable travel (e.g., incident management, work zone management). It is generally
expected that adding capacity will affect reliability.

Travel Time Measurements

Travel time is the starting point for sound congestion measurement because it reflects the actual
experience of system users. When measured directly, it is independent of theoretical capacity
concerns, such as what happens in oversaturated conditions. Further, once travel time is obtained,
a whole family of additional measures can be created using basic information (e.g., volume, free-
flow speed) about the system. Delay is one example of the metrics that naturally derives from
travel time measurements.

Project Approach

Data Collection

The research team undertook an empirical approach based on their familiarity with the data
used to characterize congestion and reliability and the sufficient quality and amount of data
available. Reliability can only be characterized by a long history of travel times, and the use of
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Figure ES.1. Reliability is defined by how travel times vary.

automated equipment is the only feasible method of data collection. Because of the cost of col-
lecting new data, the team relied on data already being collected by transportation agencies,
primarily in support of operations programs.

Figure ES.1 shows the distribution of travel times along a section of highway. This distribu-
tion, and the statistics that describe it, are the basis for research. The statistics superimposed on
the distribution in the figure represent the reliability metrics used in the research. P10, P90, and
P95 are the 10th, 90th, and 95th percentiles, respectively, of the distribution. The remaining
metrics are defined elsewhere in this report.

A very large data set (Figure ES.2), most of which covered urban freeways, was assembled from
various traffic management centers (Tables ES.1 through ES.3). A separate data set for urban
freeways was compiled for the Seattle area for the congestion by source analysis.

Data on the basic characteristics of incidents were available from three sources and were used
to varying degrees, depending on the team’s assessment of the data sources for each city’s situa-
tion. Incident data were available from a private vendor, Traffic.com. Incident and event data were
provided to the project team by Traffic.com at no cost from their traveler information manage-
ment system. This system provided a standardized source of information for traffic incidents,

Traffic Incident Weather ent Geometric
Data Data Data anagement I C haracteristics
Volumes
Speeds
Y _
Section Section Agenc ' NWS rvice Capacity
Reliability Traffic Gonersted | | Traffic.com Hourly Bottleneck
Measures | |Characteristics Obs )
Ramp Meters

By Time Slice | Demand
Traffic Statistics

[ hraysis Dalasel

Figure ES.2. The analysis data set fused data from a variety of sources.
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Table ES.1. Urban Freeway Study Section Summary

Number of Directional

Total Directional

City Study Sections Mileage
Houston, Texas 13 58.80
Minneapolis, Minnesota 16 62.63
Los Angeles, California 3 50.27
San Francisco Bay Area, California 4 19.98
San Diego, California 6 28.04
Atlanta, Georgia 10 54.66
Jacksonville, Florida 8 17.71
Total 60 292.09

events, scheduled and unscheduled construction, and other events that could affect traffic condi-
tions (e.g., severe weather or transit delays). Weather data consisting of hourly weather observa-
tions (e.g., precipitation, temperature, wind, fog) at multiple points within the urban areas were
obtained from the National Climatic Data Center of the National Oceanic and Atmospheric
Administration. Geometric data were obtained from satellite imagery (lane configurations) and
the 2007 Highway Performance Monitoring data. Operating and improvement data were
obtained directly from state departments of transportation. The most important data in this

category were those elements related to calculating capacity for each individual link.

Table ES.2. Signalized Arterial Study Sections

Travel Time Data
City Arterial From To Length (mi) | Data Technology Period
Orlando, Section 1: SR 50 Florida Turnpike SR 408 West 6.85 Tag-based probe March 2008+
Florida eastbound
Section 2: SR 50 SR 408 West Florida Turnpike 6.85 Tag-based probe March 2008+
westbound
Section 3: U.S. 441 SR 417 SR 408 10.67 Tag-based probe March 2008+
northbound
Section 4: U.S. 441 SR 408 SR 417 10.67 Tag-based probe March 2008+
southbound
Section 5: U.S. 441 SR 408 N. John Young 4.35 Tag-based probe March 2008+
northbound Parkway
Section 6: U.S. 441 N. John Young Parkway | SR 408 4.35 Tag-based probe March 2008+
southbound
Los Angeles, Santa Monica Boulevard | [-405 N. Gardner Street 6.9 GPS probe (Inrix) 2006-2007
California
Phoenix, E. Camelback Road 44th Street Highway 51 4.2 GPS probe (Inrix) 2006-2007
Arizona
Minneapolis, Washington Avenue County Highway 153 U.S. 65 3.4 GPS probe (Inrix) 2006-2007
Minnesota
Miami, Florida U.S. 1 17th Avenue Le Jeune Road 3.8 GPS probe (Inrix) 2006-2007
Houston, Texas | Westheimer Road W. Sam Houston 1-610 6.9 GPS probe (Inrix) 2006-2007

Note: GPS = global positioning system. Probe tag technology provides direct estimates of travel time over the segment.
Inrix-provided data are supplied as speed estimates by link (approximately 0.5- to 1-mile long). Only the Orlando sections were used in the analysis because of sample
size limitations on the other sections.
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Table ES.3. Rural Freeway Study Sections

Travel Time Data
State Route From To Length (mi) | Data Technology Period
Texas I-45 Exit 213, Navarro | Exit 267, Ellis County 54.1 GPS probe (Inrix) 2006-2007
County
South Carolina 1-95 South Carolina— SR 68, Hampton County 38.2 GPS probe (Inrix) 2006-2007
Georgia border
Analysis Approach

The analysis was based on a conceptual model previously developed by members of the research
team (Figure ES.3). As the model indicates, the sources of congestion interact to produce total
congestion. Reliability, an aspect of total congestion, is greatly influenced by the complex inter-
actions of traffic demand, physical capacity, and roadway events.

The analysis proceeded with four tracks:

1. Exploratory analysis, which was used to improve the understanding of reliability and establish

many of the research parameters;

2. Before-and-after studies on selected study sections that resulted in empirical measurements

of the change in reliability;

3. Cross-sectional statistical modeling, which was used to develop statistically based predictive
models of reliability as a function of traffic, operating, and geometric conditions. The cross-
sectional modeling was extremely important because it allowed a study of all of the possible
improvement types in the field using a before-and-after approach; and

4. Congestion by source analysis, which was a microlevel approach to separating daily congestion

into its component sources.

= Source of Congestion

Planned
Traffic Control Daily/Seasonal 5
; Aoy S | Events
Devices @ Variation @ HoE- @ Emergencies
I ..determine.. I
¥ A4 ...lowers capacity
Physical .interacts with Demand Volume and changes demand...
Capacity Q |
Roadway Events
Secondary
et Weather ()
.Can cause..
r
Base Delay L o e I
(*Recurring” or “Bottleneck’) incidents (&)
Iﬁ can cause..
Y
Event-Related .| Total Congestion Work Zones @I
Delay

Figure ES.3. A model of congestion and its sources.
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Findings
Data Set Compilation and Usage

The large and comprehensive data set included many levels of aggregation and summarization.
Traffic data from urban freeways comprised the largest portion of the data set and included the
original measurements from roadway detectors (5-minute intervals by lane), numbering in the
hundreds of millions of records. The traffic data were also summarized at several spatial and
temporal aggregation levels. The most-summarized portion of the data set was the one used for
the cross-sectional statistical analysis: every record is an annual summary of traffic and reli-
ability characteristics, with annual event characteristics and roadway features merged into it.
The data processing included new procedures specifically created by the research team for the
project.

Exploratory Analyses

A large variety of exploratory analyses were undertaken before the main analyses to test assump-
tions, develop data processing methods, and more thoroughly understand the manifestation and
ramifications of reliability.

Recommended Reliability Metrics

The Travel Time Index (TTI) is the ratio of the actual travel time to the ideal or free-flow travel
time. Based on empirical tests, it was found that the performance metrics defined in the early
stages of the research were sensitive to the effects of improvements. The 95th percentile TTI may
be too extreme a value to be influenced significantly by operations strategies, but the 80th per-
centile was more sensitive to these improvements. As a result, the 80th percentile TTI was added
to the list of reliability performance metrics for the remainder of the research. The final set of
reliability metrics, which also are appropriate for general practice, appears in Table ES.4.
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