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FOREWORD

Over the past three decades, the practice of freeway operations has matured. Strategies have
evolved, techniques have been developed, and new technologies (ITS) have emerged. Traffic
operation centers have reported successes and failures as lessons learned. The intelligent
transportation community has quickly incorporated those lessons, and the resultant systems
have progressed with each new generation of the freeway traffic management system.

The profession’s view of freeway management and operations has also changed. Freeway
management strategies and concepts were initially developed to counter congestion. That is still
a major goal, along with enhance safety. But freeway practitioners are also beginning to view
themselves as good stewards and responsible managers, managing not only the traffic flow on
the network but also the being more proactive in addressing potential problems, rather than
merely reactive. Moreover, part of this stewardship includes managing the elements of the
network itself (e.g., asset management), not just the traffic flow. Another important consideration
in this regard is that transportation is becoming increasingly customer-driven, with a need to
view the network at more of a regional scale.

This expanded view of freeway operations and management is reflected in the key and

recurring themes in this Handbook, including:

o Even though their primary responsibility may be the freeway network, practitioners must not
address freeway management and operations in a singular, isolated manner. Accordingly,
freeway managers must view the overall performance of the transportation network as a
whole, and consider a vast array of potential actions to improve its performance. This may
mean looking beyond the “typical’ freeway management and operation alternatives and
technologies.

o Freeway management and operations extends beyond ITS and electronic systems.
Freeway managers must be familiar with all of the tools available to improve the safety and
efficiency of the freeway system, including major roadway improvements, minor roadway
improvements, and traditional traffic control devices (such as, static signing, pavement
marking, and illumination systems); and look for appropriate opportunities to utilize these
tools.

e Several processes have been instituted for developing transportation programs, planning
and prioritizing potential improvements, and defining individual projects and strategies.
Freeway management and operations should be an integral part of the established
processes within an agency. Moreover, the freeway management practitioner must be
cognizant of and, to the greatest extent possible (commensurate with his/her
responsibilities), participate in these processes ensuring that freeway management and
operations receives appropriate consideration.
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REVISION HISTORY

The Freeway Management and Operations Handbook was developed in September 2003, and
has since been updated to reflect current state of the practice. Updates to this handbook were
coordinated by the Freeway Operations Committee Task Force.

The date of each chapter is listed in the footer of each page of the Handbook (e.g., September
2003). This will help to ensure that you have the most recent Handbook as individual chapters
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1. INTRODUCTION

Chapter 1 was revised in June 2006. For more information on the extent of these revisions, see
the Revision History Table at the beginning of this handbook.

1.1 SCOPE OF FREEWAY MANAGEMENT AND OPERATIONS

Civilizations have become great in part because of their transportation systems. The
Phoenicians used the seas as their transportation system. The Roman Empire built roads to
connect the distant parts of their empire. The British Empire used the seas to maintain their
empire. The United States civilization has become great and remains so, in a large part
because of its transportation system, which has contributed to a robust economy. The ability to
meet society’s needs for mobility, access, goods movement, security, and overall quality of life
is dependent on the ability to provide for safe, reliable, and sustainable travel in an ever-
changing environment with varying demands. (8)

The nation’s Interstate System and other expressways — totaling approximately 55,000
centerline miles — are an integral part of the surface transportation network. For example, urban
freeways make up less than 2.4 % of the total urban highway mileage; yet carry approximately
20 % of the traffic nationwide (1). In essence, freeways provide the basic backbone of our
roadway transportation system and the highest level of service when traffic flows smoothly and
safely. “Service” in this context not only refers to the commuting, commercial, and recreational
movement of drivers, riders and shippers; it also refers to the ability of the freeway network to
support other government agencies (e.g., emergency service providers, first responders, military
and security) as they plan, react to, and recover from weather-related, natural disasters, and
human-caused emergencies.

Since the 1960’s, population growth and economic prosperity have led to a steady increase in
the number of vehicles using the roadways — particularly freeways — across the United States.
The growth in highway travel by the public can be attributed to a number of factors including:
population growth, an increased number of licensed drivers and auto ownership, an increase in
the number of trips per household, growth in economic activity, changes in urban land use, and
increase in freight activity. As shown in Figure 1-1, vehicle — miles traveled grew steadily during
the last decade, with a minimal increase in lane-mileage.

This increase in demand has, unfortunately, resulted in more turbulent traffic conditions,
increased congestion, and more frequent and longer traffic delays. Increased turbulence and
increased vehicle demand leads to more conflicts and collisions, reducing safety. Today, the
demand for freeway facilities is overwhelming, and problems have grown to an intolerable
proportion in some metropolitan areas. A FHWA paper discussing TEA-21 Reauthorization (9)
states: “It is has become widely acknowledged that providing effective highway-based
transportation consists of three component parts:
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e Building the necessary infrastructure
e Preserving that infrastructure (e.g., maintenance & reconstruction), and
e Preserving its operating capacity by managing operations on a day-to-day basis.

Highway transportation can thus be likened to a three-legged stool that cannot effectively serve
customer needs if any of these three parts (legs) is missing or is underemphasized (too short)
relative to the others.” The focus of this document is the “operations leg”.

Vehicle Miles Traveled Versus Lane Milage
180

170

Vehicle Miles Traveled

100

a
a
o

Index 1980
I
o

120

110
Lane Mileage

| | | | | | | |
1990 1992 1994 1996 1998

100

Figure 1-1: Vehicle Miles Traveled Versus Lane Mileage
(Reference 10)

Freeway traffic management and operations is the implementation of policies, strategies and
technologies to improve freeway performance. The over-riding objectives of freeway
management programs are to minimize congestion (and its side effects), improve safety,
enhance overall mobility, and provide support to other agencies during emergencies. The TRB
Freeway Operations Committee’s Millennium Paper (3) states: “Freeway operations, in its
broadest context, entails a program to combat congestion and its damaging effects: user delay,
inconvenience and frustration, reduced safety, and deteriorated air quality.” Moreover, this
“context” includes a vast array of freeway uses — the daily commute, commercial vehicle
operations, personal and recreational trips, emergency service response, and evacuations
during emergencies.

111 Importance of Freeway Management & Operations

When discussing the quality of day-to-day freeway operations, the terms “congestion” and
“safety” are commonly used. Traffic congestion means there are more people trying to use a
given transportation facility during a specific period of time (i.e., “demand”) than the facility can
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handle (i.e., “capacity”) with what are considered to be acceptable levels of delay or
inconvenience. Safety is concerned with reducing the number of vehicle crashes and minimizing
any injuries associated with crashes. Congestion — particularly unexpected congestion — and
safety have very strong impacts on travelers’ attitudes. In a series of surveys carried out by
FHWA (10), traffic flow and safety topped the list of highway characteristics that should receive
the most attention (followed by pavement conditions and work zones).

Other equally important considerations include:

e Mobility: The ability and knowledge to travel from one location to another using a
multimodal approach. (1)

e Accessibility: The means by which an individual can accomplish some economic or social
activity. (1)

e Reliability / Predictability: How much the ease of movement varies from day to day, and
the extent to which the traveler can predict these temporal variations.

In essence, motorists (and transit riders) want to know what to expect — such knowledge being a
key attribute of “mobility”. Having accurate information about roadway performance significantly
improves the perception of a trip because information allows motorists to make decisions that
give them the perception of having more control over their life. Knowing the extent and duration
of congestion not only gives the motorist better options, it removes a significant stress point, the
unknown. (For example, a father trying to reach his daughter’s softball game realizes that the
10-minute delay won't force him to miss the first pitch; therefore, he can relax and approach the
accident site more cautiously, without any aggressive driving or “road rage”). Thus the
perception of the congestion improves significantly. Conversely, when information is not
available, the anxiety associated with the unknown reason for, and length of, the delay causes
the motorist to perceive the delay as longer than it really is, perhaps leads to more erratic
driving behavior, and creates a much more negative opinion of both the traffic congestion and,
ultimately, how well the highway agency is using taxpayer resources. (2)

These considerations of mobility, accessibility, and reliability also apply to emergency and
incident management agencies (i.e., Principal Responding Agencies — PRAS), and to motorists
who are affected by an emergency (e.g., the need to evacuate from an area affected by a
disaster of some sort). Under such extreme circumstances, these users also need to know their
options and what to expect.

In theory, problems of congestion, safety, mobility, accessibility, etc. would dissolve with
increases in capacity (i.e., adding more lanes, and new facilities) and the reconstruction of
existing facilities (wider lanes and shoulders, improved alignment) to improve safety. Increasing
capacity and reconstructing existing facilities, however, introduces significant economical,
political and societal challenges, many of which cannot (and perhaps should not) be overcome.
Moreover, increased capacity may create additional demand, eventually resulting in the same
problems as before. Management and operations can provide practical and cost-effective
alternatives (perhaps in concert with capacity improvements) for addressing freeway problems.

The need for and importance of freeway management and operations extends well beyond any
constraints on building / reconstructing conventional infrastructure. Transportation agencies and
authorities, and their staffs, have the responsibility to be good stewards and responsible
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managers, being more proactive in addressing potential problems, rather than merely reactive.
Moreover, part of this stewardship includes managing the elements of the network itself (e.g.,
asset management), not just the traffic flow.

Another important consideration in this regard is that transportation is becoming increasingly
customer-driven, with a need to view the network at more of a regional scale. The public does
not care which jurisdiction is responsible for the road on which they are currently traveling.
They want and deserve a safe, reliable, and predictable trip, one that is safe from physical and
mental harm, provides consistent service, and is predictable in terms of travel time that is
within an acceptable variance.

Finally, technology — specifically Intelligent Transportation Systems (ITS) — is creating an
environment where management and operations can take a major leap forward. The recent
advances in surveillance, communications, processing, and information dissemination
technologies, with an emphasis on “real time” applications, have proven a significant enabler of
freeway management and operations. ITS allows for the rapid identification of situations with a
potential to cause congestion, unsafe conditions, reduced mobility, etc.; and then to implement
the appropriate strategies and plans for mitigating these problems and their duration and
impacts on travel.

1.1.2 Wile E. Coyote and Freeway Performance

Reference 2 ! presents the “Wile E. Coyote Theorem of Freeway Performance” (including

Figure 1-2) as follows:
“Freeway performance on congested and nearly congested roadways can perhaps best be
explained by analogy to the Warner Bros. Road Runner cartoons. First, let’s talk about the
cartoon. In a familiar Road Runner scene, Wile E. Coyote chases the Road Runner across
the mesas of New Mexico. They run along a mesa until the Road Runner simply runs off the
end, into thin air. Unaware, the Coyote follows him, running on thin air. Then something
happens: he looks down. The Road Runner, safe as ever, whips out a taunting sign, and
suddenly the Coyote realizes he is hanging in air. Zoom! Down he plunges for hundreds of
feet... ending in a small puff of dust.

This same scenario is a very good description of urban freeway operations. Detection
systems now measure freeway volumes that are 20 percent greater than what was once
considered their theoretical maximum. However, under these volume conditions, when any
type of disturbance in flow occurs, dramatic decreases in vehicle volumes and speeds
result.

High volumes can be compared to the Coyote running along the top of the mesa. Volumes
above about 2000 vehicles per lane per hour can be viewed as the Coyote running in air. As
long as nothing happens to remind him that he is doing the impossible, he’s okay. And as
long as nothing happens along the roadway, traffic will continue flowing.

The problem is, "things happen." Accidents occur. Even small disruptions, such as a
distraction on the side of the road (a catchy billboard, a police car pulled over) are

! Lomax, Turner, Hallenback, et al; “TRAFFIC CONGESTION AND TRAVEL RELIABILITY -- How Bad is
the Situation and What is Being Done About It?"; September 2002
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analogous to the Coyote looking down. At very high volumes, one vehicle’'s small hesitation
can cause other vehicles to brake more heavily to avoid a collision. The disruption in flow
then cascades, and suddenly both speed and throughput volume rapidly decrease. Like the
Coyote, roadway performance plummets, and vehicle throughput vanishes in a small puff of
dust.

And tomorrow, the Coyote will do it all again. Once again life imitates art.”

Figure 1-2: Cartoon Analogy of Freeway Conditions

(Reference 2)
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Freeway management and operations is all about keeping the Coyote from running off the cliff
in the first place; and if (and when) he does, to keep him from looking down; and if (and when)
he does look down, to minimize the impact of his fall (and the resulting dust plume), so he can
resume his chase of the Road Runner as soon as possible thereafter.

1.2 PURPOSE

This document was prepared under FHWA Work Order SA80B010 as part of Contract DTFH61-
01-C-00180. The original focus was to update the Freeway Management Handbook, reflecting
the changes in the state-of-the-practice that had occurred since the Handbook was last updated
in 1996. Per the original task order scope, “only an update and not a comprehensive revision is
required to the Freeway Management Handbook”, and the “intent of this task order is to assess
the current document, identify proposed changes, and perform the necessary revisions that ...
are needed to represent the current state-of-the-practice in freeway management.” However,
after a thorough review by the project team and a task force comprised of members and friends
of the TRB Committee on Freeway Operations (see Table 1-1), it was determined that a
complete and comprehensive revision to the Freeway Management Handbook was required —
not just an “update” — to reflect the state of the practice, as well as to better address an
expanded view of freeway management and operations. Annotated Outlines of each chapter
were prepared, followed by several drafts reflecting review comments made by the
aforementioned Freeway Operations Committee Task Force. It should be noted that the
contributions made by this group of individuals was invaluable.

Table 1-1: Handbook Contributors — Freeway Operations Committee Task Force

e Jon Obenberger — FHWA Contract e Les Jacobson — Review Coordinator
Manager e Pete Briglia — Chair, Freeway

e Joel Marcuson — Task Force Leader Operations Committee

e Tom Urbanik — Project Team Reviewer e Conrad Dudek

o Walter Kraft e JimKerr

e Larry Klein e Mousa Abbasi

e Ron Sonntag e Ramakrishna Tadi

e Mark Hallenbeck e Abdul Hamad

e Laurence Lambert e Mitsuru Saito

e Dave Helman e Les Kelman

e Dave Roper e Jack Tone

¢ John Corbin e Tip Franklin

e John O'Laughlin e Chuck Fuhs

e Henry Wall e Steve Balog

e Brandy Meehan e Dick McGuinness

¢ Ken Brooke e Larry Corcoran

e Lynette Goodwin o William Stoeckert

o Jeff Lindley e Dan Baxter
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This revised “Freeway Management and Operations Handbook” is intended to be an
introductory manual — a resource document that provides an overview of the various institutional
and technical issues associated with the planning, design, implementation, operation, and
management of a freeway network. It is not intended to be an all-encompassing, “Everything
You Ever Wanted To Know About Freeway Management and Operations”. Rather, it is intended
to provide the user with a better understanding the wide variety of potential strategies, tools, and
technologies that may be used to support management and operation of the freeway network.
Additionally, beyond this obvious purpose of the Handbook, the document also attempts to
address several broader issues, including:
e The concept of “operations” as a part of the overall mission (and some might regard as a
relatively new one) for transportation agencies;

e Freeway management and operations activities (which often have a relatively short-term
focus), within the context of the “life cycle” of the surface transportation network, such as
relating freeway operations to a broader set of visions and goals, coordinating freeway
operations with the longer — term policy making and transportation planning processes (and
vice — versa), and expanding the view of freeway management and operations such that the
transportation is considered.

e The numerous institutional relationships that impact the operation of the freeway and the
infrastructure itself; and similarly, how individual “operational” actions relate to one another
and how, when combined, can affect the institutional framework.

o Potential measures and procedures for evaluating the overall performance of the freeway,
as well as evaluating freeway management strategies and improvements (both prior to and
following their implementation).

¢ Planning and engineering processes for developing and updating freeway management
programs, for developing individual projects to implement the program, and for managing
the program after the projects are complete.

The Freeway Management and Operations Handbook relies heavily on other references for
many of the concepts and some of the text included herein. As a general rule, the specific
reference(s) is identified at the end of the associated sentence / paragraph / bullet list with a
reference number in parenthesis. The references and their respective numbers are listed at the
end of each chapter.

1.2.1 Why This Document Is Needed

In the late 1960s and early 1970s, highway agencies began to take steps toward active
operation of the freeways that had been constructed during the intense building years of the
Interstate Program. Emphases in highway transportation began to shift from building new
facilities and enlarging existing ones to extracting the most from existing facilities. It was the
dawn of the era of freeway operations and traffic management. Authorities began to realize that
understanding how the public used freeways and how operating agencies managed that use
was crucial to maintaining operational efficiency. Allowing unrestrained growth in the use of the
freeway network produced congestion, which effectively reduced freeway capacity, lowered
traveling speeds, reduced safety, and increased driver frustrations. Tools that could manage
and reduce the congestion plaguing our highways were sorely needed. Researchers used
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studies of highway usage to come up with the concepts and approaches that have since
evolved into freeway traffic management programs. They realized that implementing these
programs could cost-effectively influence the public’s use of the highway system. (3)

Over the past three decades, the practice of freeway operations has matured. Strategies have
evolved, techniques have been developed, and new technologies (ITS) have emerged. Traffic
operation centers have reported successes and failures as lessons learned. The intelligent
transportation community has quickly incorporated those lessons, and the resultant systems
have progressed with each new generation of the freeway traffic management system.

The profession’s view of freeway management and operations has also changed. Freeway
management strategies and concepts were initially developed to counter congestion. That is still
a major goal. But freeway practitioners are also beginning to view themselves as good stewards
and responsible managers, managing not only the traffic flow on the network but also the
physical elements of the network itself, addressing safety and security issues, and attempting to
be more proactive in addressing potential problems rather than merely reactive.

Throughout this evolution, FHWA has sponsored the development of Handbooks to document
the state of the practice in freeway management. A “Freeway Management Handbook” was
originally developed in 1983. The first (and current) update was initiated in 1995, with the
revised document published in 1997. The evolution will undoubtedly occur, and a new and
revised “Freeway Management and Operations Handbook” will likely be required in another few
years.

1.3 INTENDED AUDIENCE

The intended audience of the revised Handbook is transportation professionals that participate
in or are responsible for any phase in the life cycle of a freeway network. This includes all public
or private “practitioners” (e.g., managers, supervisors, engineers, planners, or technicians) that
are involved with any issue or decision (e.g., legislation, policy, program, funding, project
implementation, operational scenario) that may directly or indirectly influence the performance
of a freeway facility. These activities may include, but not be limited to, planning and design of
freeways and other transportation facilities within the same corridor, operational strategies,
programs, and services that support continuous management of travel and control of traffic on
freeway facilities, and the technology infrastructure to provide these capabilities.

It is emphasized that while this document focuses on the management and operation of freeway
facilities, and views freeway practitioners as the primary audience, these practitioners must not
consider freeways and their operation in a singular, isolated manner. All three of the
aforementioned legs of the “transportation stool” (i.e., building, preserving, operating), are
integral parts of the business of most transportation agencies, and freeways are just one
element of the surface transportation network. The same planning, programming, and budgeting
processes are applied to all of these facilities and management attributes. This is not to imply
that they are necessarily in competition with one another; rather they should be viewed as
complementary — for example, the application of freeway management and operational
strategies on existing facilities may defer or eliminate the need for new infrastructure; new /
expanded transit service may reduce the traffic flow on the freeway and other roadway facilities;
the construction / reconstruction of freeway facilities can provide the opportunity to install ITS
technologies and infrastructure (that support operations) in a most cost-effective manner; and
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an intense program of freeway management and operations can help minimize the traffic flow
impacts during reconstruction / maintenance activities.

1.4 OVERVIEW

1.4.1 The Problem

Demand for highway travel by Americans continues to grow as the population increases,
particularly in metropolitan areas. Construction of new highway capacity has not kept pace with
this growth. For example, between 1980 and 1999, route miles of highways increased 1.5
percent while vehicle miles of travel increased 76 percent. The effects of this disparity are
captured in a number of measures and perceptions, including visible and consistent roadway
congestion, the loss of personal and professional time, environmental degradation, and general
traveler frustration — in essence, a reduction in overall mobility and accessibility. Some statistics
are provided below:
o The Texas Transportation Institute (TTI) estimates that, in 2000, the 75 largest metropolitan
areas experienced 3.6 billion vehicle-hours of delay, resulting in 21.6 billion liters (5.7 billion
gallons) in wasted fuel and $67.5 billion in lost productivity. (4)

e Each year, more than 42,000 people die on the nation’s highways and 5 million are injured.
A recent report from the National Highway Traffic Safety Administration put the economic
costs of highway crashes at more than $230 billion per year including medical and
emergency services costs, lost productivity, legal costs, travel delay and property damage.
Additionally, highway crashes are the leading cause of death of Americans 6 to 28 years of
age. (13) The fatality rate on the Interstate System has been relatively steady after falling
early in the 1990s. The number of fatalities on Interstate highways has increased over the
past decade, but so has the level of traffic, as indicated by the number of vehicle miles
traveled (VMT) (5).

e Congestion is growing in areas of every size. TTI's 2001 Annual Urban Mobility Report
shows more severe congestion that lasts a longer period of time and affects more of the
transportation network in 1999 than in 1982 in all urban population categories. The average
annual delay per person climbed from 11 hours in 1982 to 36 hours in 1999. And delay over
the same period quintupled in areas with less than 1 million people. The time to complete a
trip during the congested period also continues to get longer. (2)

e Another measure of congestion—the travel time index—indicates how much more time it
takes to travel during a peak period than at other times of day. This measure is based solely
on the regular traffic congestion on the roadways. It provides a measure of how much of the
change in traffic congestion is due solely to more cars using the roadways. During the past
decade, the travel time index on Interstates increased by about 12 percent. This statistic
provides information about drivers’ experiences as well as the level of congestion on the
road because it accounts for delays due both to the traffic demand on the road and to
roadway incidents (e.g., crashes). (5)

The growth in demand has also impacted the temporal aspects of freeway operations. As
discussed in Reference 2 and shown in Figure 1-3, traffic levels initially grow immediately before
the start of the workday and immediately after the end of the workday (the green line). As traffic
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reaches the roadway’s capacity during those times, travelers begin to leave 10 or 15 minutes
earlier or later in the day to avoid the resulting congestion or they allow more time for

travel. This spread of travel demand soon creates a true "peak hour" of volume. As growth
continues, like it has in most major cities, the "peak hour" becomes the "peak period," since
limitations in roadway capacity allow growth in traffic to occur only at the beginning and end of
the "peak period” (see the red line in the figure). The sharp morning or afternoon peak in travel
thus becomes a wide mesa. In many areas, particularly suburban areas, these peak movements
stop being one-directional (people traveling from the suburbs to the central city in the morning
and back in the afternoon) and become two-directional as people travel among multiple
suburban locations. As the evolution of congestion continues, travel on heavily used (and
frequently congested) roads actually becomes almost constant throughout the day. Finally, as
growth pressure continues, congestion in the peak periods can become so severe that average
peak period volumes actually decline because congestion decreases the volume of vehicles a
road can accommodate. (2)

] e

Figure 1-3: Typical Plots of Volume vs. Time-of-Day
(Reference 2)
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Delays (resulting from freeway congestion) at particular locations in a transportation network are
certainly aggravating to those using the system; but these delays are part of a much larger
picture of how a transportation system allows people and goods to move around a metropolitan
area. The consequences of congestion are much more serious to a community. For example:

e Local Traffic Impacts: When faced with congested conditions, many drivers quickly look
for ways to bypass the freeway bottleneck. These often include making their way through
arterial streets and residential neighborhoods not designed to handle through traffic. Such
bypass traffic often becomes the focus of neighborhood complaints. (1)

o Economic Growth: Efficient transportation access to employment and shopping sites is an
important consideration to business and developers when considering expansion
opportunities. A good transportation system is an important selling point to communities
that desire to attract development. In addition, good transportation is very important to the
movement of goods and services and thus has a direct impact on sound economic growth
and productivity. (1) With respect to the last point, commercial freight carriers notice the
growing lack of travel reliability even more. These companies experience increasing costs
from having to pay large quantities of overtime because their trucks are stuck in unexpected
traffic. Costs also increase from an inability to schedule work for their vehicles over the
complete workday, as the companies lengthen expected delivery times just to ensure that
they don’t have to pay overtime. Inefficiencies caused by unreliable roadway travel times
add to the costs that slow moving traffic create by making each trip last longer. (2)

¢ Quality-of-Life: To some people, congested (and unsafe) highways are a symptom of
deteriorating quality-of-life in a community. In many cases, and in particular in suburban
communities, residents moved to their community to escape urban problems like traffic
jams. Now facing this congestion has once again become part of their daily routine.
Another aspect of this quality-of-life characteristic is the role transportation plays as a key
element of getting and keeping a job. (1)

e Environmental Quality: Congested road conditions can have a detrimental effect on the
environment, in particular air quality. Making improvements to the transportation system or
trying to change travel behavior has been an important objective of those wanting to
improve environmental quality. (1)

There is also an institutional and political aspect to all of this. Addressing the performance of
the transportation network and the mobility needs of a community has become, in several
cases, a litmus test for effective leadership. Because the public sector is viewed as having the
major responsibility for solving transportation problems, community officials are often the focal
point for citizens’ interest concerning traffic congestion, safety, and mobility needs. (1)

1.4.2 The Future

There are a number of demographic trends that are likely to affect travel patterns and

congestion in the future, including:

¢ Rising affluence and increased income—Rising incomes will likely translate into increased
auto availability and use, increased number of trips per household, and increased average
trip lengths. The rising affluence is partly due to the fact that many households now have
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multiple workers. When multiple workers reside in a single household, it then becomes more
difficult for each to live in close proximity to their work; thus the need to choose some
compromise location that meets both workers’ needs as well as the needs of other
household members (e.g., good schools, nice parks, etc.).

e Democratization of mobility—Privately owned auto transportation is becoming more
accessible to previously car-less households. This increased access to personal mobility via
personal auto is mostly among Americans living in center cities. In many instances, this
newfound personal mobility carries them to where employment is easy to find—the booming
suburban areas that require longer vehicle trips. (2)

Traffic demand — both passenger and freight — is expected to increase. Estimates that FHWA
uses indicate passenger traffic will increase by 17 percent from the end of 2001 through 2010—
an increase from 2.7 trillion vehicle miles traveled to 3.1 trillion. In addition, states and FHWA
data indicate that truck traffic is expected to increase in the future. Estimates used by FHWA
show freight movement by truck increasing by 28 percent from the end of 2001 through the end
of 2010. Finally, an alliance of primarily southern and southeastern states released a 2001 study
that estimates a 6.9 percent annual increase in Latin American truck traffic in the United States
(resulting in almost a doubling over the 10-year period). Ninety-six percent of this truck traffic
will be on Interstates. (5)

143 Homeland Security and Other Emergencies

Another (and relatively new concern) is that of homeland security, which can be expected to
exact new demands on the U.S. surface transportation system. Research by the Federal transit
Administration indicates that 58% of international terrorist attacks were on transportation
targets, and of these 92% were on surface transportation. The ability of our system to cope with
such contingencies requires capability to detect catastrophic incidents, to facilitate first
responder communications, to quarantine roads, and to effectively route evacuations from major
metropolitan areas; all while maintaining the appropriate balance between these transportation
security needs and the efficiency of the transportation network. Freeway practitioners must be
prepared to go beyond the normal day-to-day management activities to support emergency
service providers and the military during large-scale response and recovery activities — not only
terrorist attacks, but natural and weather related disasters such as hurricanes, forest fires,
blizzards, earthquakes, etc.

1.4.4 Potential Solutions

As previously noted, providing effective highway-based transportation consists of three
component parts: construction, preservation, and operations. In addition to these primarily
“supply” — oriented solutions, there is also “demand” aspect; and numerous agencies have
implemented solutions for managing the demand for the highway network.

1.4.4.1 Construction

Construction, whenever it is feasible, often seems to be the first choice of most politicians and
many transportation agencies. It provides a visible increase in vehicular capacity. Whether it is
politically popular depends on the cost of the construction project and its impacts on land uses
and the environment. Construction does have several drawbacks. There isn’t enough funding to
address the growing demand. Moreover, construction is becoming increasingly difficult to do. In
urban areas, where congestion tends to be greatest, land prices, public resistance, and
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environmental mitigation requirements severely limit the size of capacity improvements. They
also increase the time required to gain the necessary permits, thus raising costs

dramatically. These problems limit both the public’'s acceptance of new construction and their
willingness to pay for those roads. Under these circumstances, new construction may only
moderate existing congestion rather than eliminate it because building sufficient capacity to
meet existing levels of demand is not feasible.

1.4.4.2 Operations

Since new construction is often not feasible or insufficient to significantly reduce congestion and
improve mobility, transportation agencies are turning to operational improvements to reduce /
limit the growth of congestion, improve safety, and / or increase the number of people the
existing roadway will carry. A variety of strategies have been used successfully to improve
roadway operation. Among the most common are: traffic incident detection and management,
traveler information, managed lanes (e.g., preferential treatment to high-occupancy vehicles),
ramp management, and Intelligent Transportation Systems.

Freeway management applications have had a positive effect on freeway operations leading to
benefits such as increased safety, improved traffic flow, and reductions in traffic delays. A
summary of measured benefits associated with freeway management is provided in Table 1-2.
(More detailed information on the benefits and costs of freeway management strategies, and
ITS technologies in general is available “Intelligent Transportation Systems Benefits and Costs
— 2003 Update” (Reference 15). Information in that report is drawn from the ITS Benefits and
Unit Costs Databases, a regularly updated repository of information, available at
www.benefitcost.its.dot.gov.)

Table 1-2 Measured Benefits of Freeway Management

(Reference 6)

Measure Benefit

Travel Time Decrease 20% to 48%

Travel Speed Increase 16% to 62%

Freeway Capacity Increase 17%to 25%

Accidents Decrease 15% to 50%

Fuel Consumption Decrease of 41% in congested areas

Emissions Decrease HC emissions 1400 tons annually
Decrease NOx emissions 1200 tons annually

Each of the various operational strategies works effectively under specific conditions, but most
improvements individually achieve only modest reductions in congestion. Their real contribution
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is to significantly improve the efficiency of the existing infrastructure, while increasing the
reliability and safety of the transportation system operation.

1.4.4.3 Demand Management

In the broadest sense, transportation demand management (TDM) is any action or set of
actions intended to influence the intensity, timing, and spatial distribution of transportation
demand for the purpose of reducing the impact of traffic or enhancing mobility options (1). A
variety of government- and employer-sponsored programs can be designed to reduce vehicle
trips during congested periods and in congested locations. These include flexible work
schedules that allow employees to travel off-peak (or work at home), amenities to improve the
safety and efficiency of biking and walking, ridematching services for vanpools and carpools,
community-based carsharing, employer-subsidized transit passes, guaranteed emergency rides
home for transit users, and incentives to decrease employer-paid parking.

1.4.4.4 Discussion

The transportation phenomenon is the result of demographic and market forces that are difficult
to change. In addition to the supply and demand — oriented solutions noted above, there is
also the issue of managing the land use and development patterns that influence when and
where travel demand occurs over the long term. To be effective within this context, one needs to
examine how the various actions complement one another over the long run.

A coordinated mobility, congestion reduction, and safety enhancement program should consist

of several tools and elements from all of these categories of potential solutions. The specific

structure of such a program depends, of course, upon funding and the feasibility of

implementing such actions in the local political environment. Attributes of a mobility / congestion

/ safety program include:

¢ Provide the most cost effective transportation system improvements that enhance mobility,
increase safety, and reduce traffic congestion while being consistent with community goals.
The improvements can include operational changes to improve the performance of the
existing network and services, and the physical expansion of the highway system or the
addition of transit services.

¢ Examine better ways of managing transportation demand, especially if the opportunity for
substantial gains in system performance through expansion or operational improvements is
limited.

o Explicitly consider long-range strategies that will provide the foundation for avoiding similar
problems in the future. This implies an important role for considering future land
use/development patterns and their impact on travel.

o Deal with institutional arrangements and funding requirements for implementing the
program. This is especially important where the transportation services are housed in
separate units. (1)

It also bears mentioning that while all of these potential strategies can reduce congestion,
enhance safety, and improve mobility; they will rarely be implemented in enough magnitude to
completely eliminate congestion in urban areas. The goals, then, are more typically to manage
congestion, provide travel options, and improve travel reliability and safety.
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1.5 DEFINITIONS AND CONCEPTS

1.5.1 Freeways

The Highway Capacity Manual (HCM) (7) defines a freeway as a divided highway with full
control of access and two or more lanes for the exclusive use of traffic in each direction.
Freeways provide uninterrupted flow?. Opposing directions of flow are continuously separated
by a raised barrier, an at-grade median, or a continuous raised median (Figure 1-4). Operating
conditions on a freeway primarily result from interactions among vehicles and drivers in the
traffic stream and among vehicles, drivers, and the geometric characteristics of the freeway.

Figure 1-4: Freeway Interchange (181 /1690 in Syracuse, NY)
(Courtesy of NYS DOT)

The AASHTO “Green Book” (13) defines freeways as “arterial highways with full control of
access. They are intended to provide for high levels of safety and efficiency in the movement of
large volumes of traffic at high speeds. With full control of access, preference is given to through
traffic by providing access connections with selected public roads only and by prohibiting
crossings at grade and private driveway connections”.

% “Uninterrupted” is used to describe the type of facility, not the quality of the traffic flow at any given time.
A freeway experiencing extreme congestion, for example, is still an uninterrupted-flow facility because the
causes of congestion are internal.
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Several physical attributes of the freeway facility impact its capacity and operational
characteristics as summarized in Table 1-3. Additional factors include level of enforcement,
lighting conditions, pavement conditions, pavement markings and signing, and weather.

Table 1-3: Physical Factors Affecting Roadway Capacity and Operations

Category Capacity / Design Element

Horizontal Alignment e Degree of curvature
e Superelevation

Vertical Alignment e Grade
e Length of grade
e Vertical curves — sag and crest

Cross Section ¢ Number of lanes
¢ Lane width
e Lateral Clearance
0 Shoulder type and width
0 Median type and width
o0 Clearance to obstructions
Other ¢ Interchange density
e Ramps & ramp junctions
e Weaving sections

A tollway or toll road is similar to a freeway, except that tolls are collected at designated points
along the facility, either electronically, manually, or some combination. Although the collection of
tolls may involve interruptions of traffic flow (Figure 1-6), these facilities should generally be
treated as “freeways”, particularly with respect to strategies and technologies for management
and operations. Special attention should be given to the unique characteristics, lane
management opportunities, and constraints associated with toll collection facilities. Accordingly,
the term “freeway” as used in this Handbook refers to any limited access facility, including the
interstate system, expressways, toll roads, and connecting bridges and tunnels.

15.2 Congestion

The FHWA publication “Managing our Congested Streets & Highways” (10) documents the
results of several surveys, with delays caused by traffic congestion topping the list of
transportation issues that people reported as affecting their communities. But what is actually
meant by the term “congestion”? To truly comprehend freeway management and operations
strategies and supporting technologies, and to fully appreciate their potential to deal with
congestion problems, it is important to understand both the nature of congestion and the events
that occur in the traffic stream as congestion forms. There are multiple definitions and measures
of congestion — both quantitative and qualitative, as discussed below.
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Figure 1-5: Toll Plaza

1.5.2.1 Traffic Flow Theory

The generalized relationships between speed, density and flow rate are shown in Figure 1-6,

with these parameters defined as follows:

¢ Flow Rate—the equivalent hourly rate (i.e., vehicles per hour) at which vehicles pass over a
given point or section of a lane or roadway during a given time interval of less than one
hour. (This is different from “volume”, which is the number of vehicles observed or predicted
to pass a point during a specified time interval, such as annual or average daily traffic.) (7)

e Speed — defined as a rate of motion expressed as distance per unit of time, generally as
miles per hour (mi/h). In characterizing the speed of a traffic stream, a representative value
must be used, because a broad distribution of individual speeds is observable in the traffic
stream. The curves in Figure 1-6 utilize “average travel speed”, which is computed by
dividing the length of the highway segment under consideration by the average travel time of
the vehicles traversing it (7).

o Density — the number of vehicles occupying a given length of a lane or roadway at a
particular instant. For the curves shown in Figure 1-6, density is averaged over time and is
usually expressed as vehicles per mile (veh/mi) (7).

The form of these curves depends on the prevailing traffic and roadway conditions on the
segment under study. Moreover, while the diagrams in Figure 1-6 show continuous curves; in
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reality there are likely discontinuities, with part of these curves not present. The curves illustrate

the following significant points.

o A zero flow rate occurs under two different conditions. One is when there are no vehicles on
the facility— density is zero, and flow rate is zero. The second is when density becomes so
high that all vehicles must stop—the speed is zero, and the flow rate is zero, because there
is no movement and vehicles cannot pass a point on the roadway (7).

e Between these two extreme points, the dynamics of traffic flow produce a maximizing effect.
As flow increases from zero, density also increases, since more vehicles are on the
roadway. When this happens, speed declines because of the interaction of vehicles. This
decline is negligible at low and medium densities and flow rates. As the density further
increases, these generalized curves suggest that speed decreases significantly just before
capacity is achieved, with capacity being defined as the product of density and speed
resulting in the maximum flow rate. This condition is shown as optimum speed S, (often
called critical speed), optimum density D, (sometimes referred to as critical density), and
maximum flow V.. (7). In general, this maximum flow (i.e. capacity) occurs at a speed
between 35 and 50 mph.

Efficient freeway operation depends on the balance between capacity and demand. In the
simplest terms, highway congestion results when traffic demand approaches or exceeds the
available capacity of the highway system. As vehicle demand approaches highway capacity,
traffic flow begins to deteriorate. Flow is interrupted by spots of turbulence and shock waves,
which disrupt efficiency. Then, traffic flow begins to break down rapidly, followed by further
deterioration of operational efficiency. The result of this spiraling inefficiency can be observed
during every weekday commute in almost every metropolitan area: Drivers push their way onto
already crowded freeways to join thousands of others already caught in seemingly endless
traffic jams. Unfortunately, by joining the already impeded traffic flow, drivers become part of the
problem, creating even greater inefficiencies: more stop-and-go traffic conditions, longer delays,
and greater potential for accidents.

While this is a simple concept, traffic demand is not constant. It can vary significantly depending
on the season of the year, the day of the week, and even the time of day. Also, the capacity is
not a constant — it can change (sometimes rapidly) because of weather, work zones, traffic
incidents, or other events. It is not necessarily simple, either. The physical fact of finiteness and
the principle of conservation underlies traffic stream behavior, as reflected in the smooth curves
in Figure 1-6. However, the actual performance of a particular section of freeway at a particular
point in time is more ambiguous, resulting from variations in individual human behavior and the
mix of vehicle types using the facility. It may be possible to predict the average behavior and
average capacity, and the variances about these averages for a traffic stream, but never the
precise behavior.
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GENERALIZED RELATIONSHIPS AMONG SPEED, DENSITY, AND FLOW RATE ON
UNINTERRUPTED-FLOW FACILITIES
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Figure 1-6: Generalized Relationships Between Speed, Density, and Flow Rate on Freeways

(Reference 7)

1.5.2.2 Quantifying Congestion

NCHRP Report 398 entitled “Quantifying Congestion” (Reference 16) identifies the following

four components that interact in a congested roadway or system:

e Duration — the amount of time congestion affects the travel system.

¢ Extent — the number of people or vehicles affected by the congestion, and the geographic
distribution of the congestion.

e Intensity — the severity of congestion (with concomitant measures such as person-hours of
delay, average speed, etc.).

o Reliability — the variation of the other three elements.

The report states: “Any definition of congestion, and the congestion measures derived
therefrom, should rely on concepts that are understandable by the intended audience. Travel
time and its related quantities are widely understood and fundamentally useful in the definition
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and measurement of congestion. However, the congested reflected in travel times and delays
that are acceptable to travelers can vary by city size, location in the urban (or rural) area, and

time of day or year. One method that may be used to resolve this issue is to define two
guantities, congestion and unacceptable congestion.

o Congestion is travel time or delay in excess of that normally incurred under light or free-flow

travel conditions.

e Unacceptable congestion is travel time or delay in excess of an agreed-upon norm. The
agreed-upon norm may vary by type of transportation facility, travel mode, geographic
location, and time of day, and should be derived taking into account the expectations for
each portion of the transportation system as influenced by community input and technical
considerations”. (16)

Measures of congestion are discussed in Chapter 4.

1.5.2.3 Other Considerations

Perhaps “congestion” lies in the eye (and experience) of the beholder (Figure 1-7). As an
example, in 2002, the ITS Forum of the “National Associations Working Group for ITS”
(http://www.nawgits.com/itsforum) posted as the question of the month: “What should be our
common definition of Congestion?” There were numerous replies and opinions, including:

e “Any definition needs to be understandable to the
general public or to elected officials to be useful.
Congestion occurs and is caused by bottlenecks.
All other mechanisms for describing traffic flow
are related to measures of effectiveness.”

o “The speed-flow relationship is fundamental to
traffic theory. In the Highway Capacity Manual
this relation is given by a smooth curve, which
yields a maximum flow at a speed between 35
and 50 mph. We tested this hypothesis using
cross-sectional data. The test rejects the
hypothesis that maximum flow occurs between 35
and 50 mph. The finding has some important
implications. Congestion delay should be
measured as the time spent driving below 60
mph, both because it is the most efficient speed
and because drivers experience congestion below
this speed.”

o “A metric for congestion — total trip time at posted
speeds compared to total trip time at operating
speed and an accompanying index for setting

service standards.”

Figure 1-7: Another View of
Conaestion
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e “Caltrans today measures congestion as the time spent driving under 35 mph continuously
for 15 minutes.’

e ‘“Transportation congestion has local / cultural and time-of-duration components to it that
defy strict terminology.”

e “Congestion will always be relative.

With respect to the last point, congestion is typically viewed by travelers relative to their normal
day-to-day experiences. Travelers accustomed to low speeds and congestion delays for 12
hours each day may not consider 10 minutes of delay per trip a problem. These travelers have
learned to budget extra time or find other ways to cope with the delay. Travelers accustomed to
light traffic and reliable trips might consider 5 minutes of delay per trip unacceptable and a
problem worth noting at the next City Council meeting. A key aspect of a congestion
management strategy is identifying the level of "acceptable" congestion and developing plans
and programs to achieve that target. (2)

A major goal of freeway management and operations is to keep freeway capacity and the
vehicular demand on a freeway in balance. The most effective way to combat congestion is to
take action before traffic flow deteriorates and congestion forms. It would be ideal to manage
the demand on the freeway to prevent traffic flow from ever breaking down and congestion from
forming. This is usually not possible, and the best result is to delay the onset of congestion and
speed the recovery from congestion, therefore minimizing the inefficiencies that congestion
causes.

1.5.2.4 Recurrent and Non-Recurrent Congestion

Congestion is often classified as either recurrent or non-recurrent. The type of congestion

depends on whether the capacity or the demand factor is out of balance.

e Recurrent congestion occurs when demand increases beyond the available capacity. It
usually is associated with the morning and afternoon work commutes, when demand
reaches such a level that the freeway is overwhelmed and traffic flow deteriorates to
unstable stop-and-go conditions.

¢ Non-recurrent congestion results from a decrease in capacity, while the demand remains
the same. This kind of congestion usually results when one or more lanes are temporarily
blocked. A stopped vehicle, for example, can take a lane out of service, but the same
number of vehicles expects to travel through. Speed and throughput drop until the lane is
reopened, and then they return to full capacity. Capacity can also be decreased by weather
events and events near the travelway (i.e., “rubber necking”), leading to non-recurrent
congestion and reduced reliability of the entire transportation system.

Whereas recurrent and non-recurrent congestion have different causes, their solutions have
many elements in common.

153 Safety

An individual highway crash is a rare, random, multifactor event, preceded by a situation in
which one or more persons failed to cope with their environment. In the aggregate, however,
traffic crashes are quite numerous and often follow certain patterns that can be identified.
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Crashes reflect a shortcoming in one or more components of the driver-vehicle-roadway
system. It is therefore very important for freeway practitioners to monitor traffic collision
experience, and to use this information to identify, plan, implement, and evaluate corrective
actions. Numerous approaches exist for improving safety and reducing crashes on highways.
Many of these are beyond the scope of freeway management and operations, per se (e.g.,
enforcing seat belt laws, in-vehicle crash-avoidance technologies, geometric realignment); but
others — such as improved signing and lighting, skid resistance pavement, adding shoulders and
auxiliary lanes, and removing obstacles — are well within the realm of “operations”.

As previously noted, a major goal of freeway management and operations is to reduce
congestion; and a reduction in congestion may also enhance safety. But how does congestion
affect highway safety? The basic theory behind the interaction is that congestion leads to higher
vehicle densities (i.e., more closely spaced vehicles on a roadway), which provides more
opportunities for conflict. Congestion also reduces vehicle speeds, which implies that when
vehicles are engaged in a crash, the collision forces are lower, thus reducing the injury to
occupants. Another aspect of the model is the concept of "secondary" crashes—crashes that
occur due to conditions produced by an existing crash. Some of these conditions—which
wouldn’t exist without the occurrence of the first crash—include rapid backward queue formation
(as vehicles suddenly stop to avoid the first crash), rubbernecking by drivers, and the
maneuvers of emergency vehicles. Finally, the flow restrictions produced by crashes worsen
existing congestion (2).

The details of the relationship between congestion and safety are not well understood (with the
exception of lower crash severities, which have been documented in a general way for
congested conditions, and the associated lower speeds). Based on the limited work that has
been performed, a few tentative conclusions may be drawn:

e Crash potential (e.g., crashes per vehicle-mile traveled) probably increases as congestion
increases.

o There is a lower proportion of single vehicle crashes (e.g., run-off-road, rollover, collision
with fixed object) during congested conditions and a higher proportion of multiple vehicle
crashes.

e Crash severities (extent and nature of personal injuries) are lower during congested
conditions, due to lower vehicle speeds at the moment of crash impact.

In general, it can be assumed that any operational improvement that reduces congestion will
lead to fewer crashes. The severity of crashes that occur will be higher, however, and it is likely
that a greater proportion will be single vehicle crashes. Knowing these facts can target
mitigation strategies to single vehicle crashes and higher severities—such as wider roadside
recovery zones, protection of highway "furniture," and coordination with emergency medical
services. Moreover, an operations philosophy must take a systems-oriented view, where the
consequences of a specific action (e.g., flow improvements) consider linked impacts such as
safety (2).

154 Freeway Management and Operations

Freeway traffic management and operations is the implementation of policies, strategies and
technologies to improve freeway performance. The over-riding objectives of freeway

management programs include minimizing congestion (and its side effects), improving safety,
and enhancing overall mobility. The TRB Freeway Operations Committee’s Millennium Paper
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(3) states: “Freeway operations, in its broadest context, entails a program to combat congestion
and its damaging effects: driver delay, inconvenience and frustration, reduced safety, and
deteriorated air quality.” Freeway traffic management entails:

e Understanding both the nature and magnitude of a particular congestion and / or safety
problem, including current issues (i.e., reactive), and potential future ones (i.e., proactive);

¢ Combining various operational strategies, policies, and systems into a comprehensive
program;

e Using technology, detection and verification systems, communication links, traffic operations
centers, motorist information systems, and information sharing among systems;

e Implementing a high degree of interagency coordination and cooperation to provide
emergency services and to restore accident scenes to normal operation in the shortest
possible time;

e Deploying and implementing highly sensitive and sometimes controversial management
strategies, such as ramp meters and high-occupancy lanes; and

¢ Managing extremely popular services such as tow trucks and patrols to rapidly remove
disabled vehicles from freeways (3).

Freeway traffic management is all of this and more. Its components are aimed at providing
some level of relief from congestion, improving safety and mobility for the traveling public, and
meeting other related objectives. Strategies and technologies associated with freeway
management and operations are summarized below.

1.5.4.1 Infrastructure Improvements

Freeway management and operations include “low-cost” (relative to constructing new facilities)
improvements to the freeway infrastructure. Examples of such activities include adding auxiliary
lanes, ramp widening, restriping to add an additional lane within the existing pavement, and
similar improvements to eliminate bottlenecks. Enhancements to other attributes of the freeway
infrastructure (e.g., signing, pavement markings, illumination) to increase safety and driver
convenience / comfort are other possible improvements.

1.5.4.2 Traffic Incident Management

Traffic incident management is an operational approach designed to quickly detect, respond,
and clear disabled vehicles and other "events” (such as debris) from the roadway that would
detract from facility performance. Traffic incidents, such as crashes and disabled vehicles,
reduce capacity (i.e., non-recurrent congestion) and decrease safety (along with the life-safety
issues associated with responding to a crash scene with the proper medical personnel and
equipment as soon as possible). Such incidents are the cause of 40 to 60 percent of all
congestion in urban areas.

The primary intent of traffic incident management is to prevent incidents from reducing capacity;
but when they do, the focus is to restore capacity as quickly as possible. This prevents backups
and significantly decreases the occurrence and severity of congestion, and the possibility of
secondary crashes. Traffic incident management programs vary from location to location. They
can include: technologies and communications for rapidly detecting incidents and identifying
their location and the appropriate response needs (e.g., networks of closed circuit television
cameras, vehicle detection sensors, incoming 911 reports, incoming media reports, and mobile
reports), systems and procedures for dispatching the appropriate emergency response
personnel and equipment; service patrols (vehicles specifically intended to look for and help
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disabled motorists), incident management teams (interagency working groups formed to
develop faster and more efficient responses to accidents and other major incidents) traveler
information systems.

1.5.4.3 Lane Management

The term “managed lanes” covers a variety of strategies and techniques, many of which have

been used for years. The basic concept behind lane management is to employ operational tools

to maximize the productivity of the available roadway. Lane management concepts can include

the following:

e HOV lanes — to encourage more people to use high capacity modes of travel, thus moving
more people in a single roadway lane

¢ HOT lanes — which allow vehicles to purchase access (through tolls) to underutilized HOV
lane capacity, thus 1) maximizing vehicle use of HOV lanes without sacrificing HOV speed
and reliability, and 2) providing revenue to help pay for HOV lane construction,
maintenance, and operation, or other transportation needs.

o Reversible and contra-flow roadways — which allow increased use of underutilized lanes
when traffic volumes in one direction far exceed traffic volumes in the opposite direction

e Congestion pricing — which uses tolls or other fees to shift travel demand from congested
times and locations to other times of the day or to other facilities (or lanes) that are not
congested

e Truck-only facilities — which both improve freight movement and limit truck/car interaction,
thus increasing safety and decreasing the effect that heavy trucks have on passenger car
performance. Lanes may also have truck restrictions.

o Work zones — providing efficient movement of traffic through areas of a highway
construction, maintenance, or utility work activities; while protecting the safety of both
workers and motorists.

1.5.4.4 Ramp Management

Ramp management, is the application of control devices, such as traffic signals, signing, and
gates to regulate the number of vehicles entering or leaving the freeway, in order to achieve
operational objectives. Most ramp management strategies lead to improved traffic flow and
safety by 1) regulating the number of vehicles entering or exiting a freeway, or 2) smoothing out
the rate at which vehicles enter the freeway facility. By employing either of these approaches,
ramp management helps to balance freeway demand and capacity and maintain optimum
freeway operation by reducing incidents that produce traffic delays, improve safety on adjacent
freeways or arterial streets, or giving special treatment to a specific class of vehicles. Ramp
management strategies are also often implemented with elements of other freeway
management programs to create operational efficiencies and to assist in the delivery of overall
transportation management goals and objectives.

Ramp management strategies may be used to control access to selected ramps, thus limiting
the periods when vehicles may access the ramp or possibly restricting access to the ramp
permanently. This significantly reduces, or may even eliminate, the potential for collisions that
occur as a result of traffic entering or exiting the ramp facility and in turn smoothes the flow of
traffic on segments of roadway where these collisions have occurred in the past.

Ramp management may also control the manner in which vehicles enter and exit a freeway.
For instance, vehicles that enter the freeway in platoons introduce turbulence, which causes
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vehicles on both the mainline and ramp to slow down to safely merge. This causes congestion
around and upstream of ramp/freeway merge points. Ramp management strategies may be
used to control the flow of vehicles entering a freeway, thus smoothing the rate at which
vehicles are allowed to enter the freeway. Similarly, ramp management strategies and
treatments may be implemented at the ramp-arterial intersection to better manage the flow of
traffic exiting the freeway. Such treatments may reduce queues on exit ramps that extend out
onto the freeway, helping to improve safety and mobility on the freeway.

1.5.4.5 Information Dissemination

This provides the information travelers need to effectively plan their trip prior to departure; and
when en-route, the information may be used by drivers to avoid congestion and / or to adjust
their driving behavior (e.g., in response to unsafe conditions). Traveler information provides
choices for travelers — a key attribute of mobility. They can select different routes, different
modes, different times, or even different destinations. They can avoid congested or unsafe
routes (e.g., due to adverse weather conditions). Their ability to choose improves their trip. Such
knowledge also reduces stress and limits risk taking behavior, thus producing better travel
conditions. Pre-trip information is typically disseminated to the public via websites, media
broadcasts, and mobile communication devices (e.g., personal digital assistants, pagers, and
cell phones). En-route traveler information has traditionally been disseminated via commercial
radio, changeable message signs (CMS) and highway advisory radio (HAR). With the
emergence of wireless communication technologies, en-route traveler information can also be
disseminated through wireless phones, web-enabled wireless phones, and a variety of personal
digital assistants (PDA) equipped with wireless communication capabilities.

1.5.4.6 Intelligent Transportation Systems

Intelligent Transportation Systems (ITS) is the application of advanced electronics, computer,

communications, and sensor technologies — in an integrated manner — to increase the increase

the efficiency and safety of the surface transportation network. ITS encompasses technologies

that can lead to:

e Better management and operations of the existing highway, public transportation and
railroad infrastructure to ease congestion and respond to crises.

e Safer and more convenient travel for people.

o More efficient and secure freight movements (14).

Used effectively, ITS opens the door to new ways of managing, operating, expanding, refining,
reconfiguring and using the transportation system. ITS has proven itself as a significant enabler
of freeway management and operations. Combined with ITS technologies, a Freeway
Management System (FMS) consists of a set of resources (e.g., electronic systems, people,
objects, and strategies) that are used to accomplish a set of goals to improve the operation of
the freeway network. Several of these potential ITS components have already been mentioned
above (e.g., CMS, HAR, ramp meters). Other elements of an ITS-based freeway management
system that support these functions include:

e Surveillance and Detection Systems — These devices collect information on traffic flow
and roadway performance, and allow operators to monitor conditions (in real time) on the
freeway system. The sensors may collect data (volume, speeds, travel times), or provide
video images via cameras. The data collected feeds the control and information
dissemination functions, and allow operators to intervene when appropriate in those
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functions. The data may also be stored (i.e., warehoused) for future analysis and
performance evaluation. Sensor technology also allows the system to monitor roadway and
environmental conditions, such as pavement temperature and weather. Roadway and
environmental condition information are often used in deciding how best to allocate
resources for functions such as snow and ice control.

o Computer Systems and Systems Integration — Freeway management systems are
dependent upon the computer systems on which they operate. Selecting the appropriate
hardware platforms and software programs for the desired functions, integrating the
software and hardware subsystems into a complete system, and maintaining the complete
system are critical elements of providing effective freeway management systems.

e Transportation Management Center (TMC) — The computer systems and associated
software, the user interfaces and operators themselves, and associated resources are
typically housed and operated from a traffic management center, although they can also be
operated over a communication network without the need a formal center. In systems that
include a TMC, it serves as the information “nerve center” for regional operations.

e Communication Systems — The effective operation of all of the functions mentioned above
require communication of data, video, and voice. Communication systems transmit data and
video from the field to a TMC or central location, transmit commands from the TMC or
central location to the field equipment, transmit information among agencies, distribute
traveler information to the systems that disseminate it, and allow personnel at any distance
to communicate with one another.

155 Institutional Considerations

All of the attributes of a freeway management program — policies, funding mechanisms,
strategies, systems and technologies, operational activities, etc. — take place within the
institutional framewaork. This institutional fabric is multi-agency, multi-functional, and multi-
modal. Moreover, the authority for transportation decision-making is dispersed among several
levels, or “tiers”, of government (e.g., national, statewide, regional, agency, individual systems),
and often between several agencies and departments within each governmental level. This
institutional situation can lead to a fragmented delivery system for transportation services,
resulting in an agency-specific and mode - specific focus, rather than an area-wide focus that
considers the entire trip. After all, the customer’s perspective is that there is only one surface
transportation system. The public generally does not care which jurisdiction or agency is
responsible for the road or mode on which they are currently traveling. As taxpayers (and in
some cases fare / toll payers), they want and deserve a safe, reliable, and predictable trip — one
that is safe from physical and mental harm, provides a consistent level-of-service with minimal
congestion, and is predictable in terms of travel time.

Achieving the safe, reliable, and secure operation of our Nation’s transportation network
depends on collaboration and coordination across traditional jurisdictional and organizational
boundaries. In other words, there must be “integration” (i.e., a term defined in the dictionary as
making into a whole by bringing all parts together). In essence, integration is a bridging function
between the various components of the surface transportation, and involves processes that
focus on the sharing of information and the combining of resources in a manner that facilitates a
more seamless operation. In addition to institutional integration (i.e., coordination between
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various agencies and jurisdictions to achieve seamless operations), the surface transportation

network needs to be integrated in other ways, including:

e Technical Integration (e.g., enabling different agencies and their TMCs to readily exchange
information).

e Operational Integration (e.g., the exchanged information is combined to create a regional
database for traveler information; or where signal timing is changed to accommodate
increased traffic flow diverted from an adjacent freeway; or where plans are developed
jointly in advance by all affected agencies (and then utilized) to manage traffic during special
events and emergencies).

e Procedural Integration (e.g., combining planning and programming processes that address
the surface transportation network as a whole and consider all possible improvements in a
consistent manner).

Freeway management and operations must be addressed within this larger institutional context.
Moreover, it is important that the practitioner have an understanding of the many external
factors and dependencies that can impact the performance of the freeway network and
influence how it should be managed.

1.5.6 Other Considerations

In addition to the broad concepts discussed above, the following items also warrant a brief
discussion. As with most of the other items addressed in this introductory chapter, additional
information and detail is provided in subsequent chapters.

1.5.6.1 Programs, Projects, and Process

A “program” is a coordinated, inter-related set of strategies, procedures, and activities, all
intended to meet the goals and objectives articulated in vision statements and policies.
“Projects” are well-defined, individual actions and activities that make up the program. The
implementation of projects is how the program is realized. A program has a long — term
temporal view, whereas individual projects generally have a shorter implementation period.
Managing a program involves trade-offs between budget and timing, and determinations as to
appropriate sequence and scope of the associated projects.

Practically every transportation - related program and project involves some sort of “process” —
a series of actions — through which ideals and concepts are brought to fruition, implemented,
and managed. There exists in every process an underlying structure that shapes and controls
events. This framework consists of formal activities (e.g., written or unwritten policies agreed to
in a collaborative fashion) and informal ones (e.g., human relationships), all relating to the ways
options are created and decisions are made to improve the performance of the transportation
network.

1.5.6.2 Performance Measures

Freeway management programs — consisting of operational strategies, low-cost roadway
improvements, and / or ITS-based systems — are funded and implemented as a means to
preserve mobility, improve reliability, enhance safety, and meet the public’'s expectations for
efficient and effective travel. It is important to ensure that the funds are spent wisely, that the
agency makes the best use of its available resources, and that the full potential of past and
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current investments is realized. This, in turn, requires that the performance of the freeway be
continuously monitored and evaluated, including an assessment of the extent to which the
implemented solutions achieve the intended objectives.

Performance measures provide the basis for evaluating the effectiveness of implemented
freeway management strategies, as well as for identifying the location and severity of problems
(such as congestion and high crash rates). This monitoring information can be used to track
changes in system performance over time, identify systems or corridors with poor performance,
identify potential causes and associated remedies, identify specific areas of a freeway
management program or system that requires improvement, and provide information to
decision-makers and the public. In essence, performance measures are used to measure how
the transportation system performs with respect to the adopted goals and objectives, both for
ongoing management and operations of the system, and for the evaluation of future options.

1.5.6.3 Concept of Operations

Usually associated with the development of a freeway management system, regional
architecture, and other ITS deployments, a “Concept of Operations” is a document that defines
the environment in which the freeway (and other elements of the transportation network) is to
operate, and the needs of the users. This environment includes the relationships between the
system and the owning agency’s policies, procedures and responsibilities; the interagency
working relationships and agreements; the physical environment (i.e., the capabilities of the
system); and the expectations (performance measures). The Concept of Operations is a tool by
which regions, agencies, and traffic management centers — and the associated practitioners —
identify (at a high level with few technical details) the optimal solution based on their preferred
approach, their capabilities, and their constraints.

1.6 HOW TO USE THIS DOCUMENT

Section 1.3 identified the intended audience of the handbook as “transportation professionals
that participate in or responsible for any phase in the life cycle of a freeway network.” Persons
whose responsibilities are primarily policy development will find this introductory chapter, plus
chapter 2, most pertinent. Those with the responsibility for program management and the
development of freeway — oriented programs and / or projects should also review chapters 3
and 4.

Chapters 5 — 17 address topic-specific aspects of freeway management and operations, and
are pertinent to all practitioners with day-to-day responsibilities for managing or operating a
freeway facility, depending on their specific interests and needs. The most appropriate
strategies, technologies, and services will vary based on the conditions unique to each
metropolitan area, including the type and extent of problems, the political structure, the
agencies’ experience with traffic management, and the level of cooperation between local
agencies. Moreover, depending on regional needs, the overall freeway management goals, and
the extent to which freeway management and operations are performed, will likely vary from
region to region.

It is emphasized that this Freeway Management and Operations Handbook is not a design
manual or a detailed technical reference. For many of the technical issues, excellent reference
materials exist that provide more detailed information, in more of a “how-to” manner. These
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include recent handbooks on Traffic Incident Management, Planned Special Event
Management, Communications, HOV Lanes, and Detection and Surveillance Sensors. For the
chapters covering these areas, the Handbook references these technical documents and
provides only a brief summary.

1.6.1 State of the Art and State of the Practice

The FHWA White Paper “Freeway Management and Operations State of the Practice” (6)

makes a distinction between the “practice” and the “art” — specifically:

e State of the Practice is defined as “Proven practices in common use and the effective
application of technologies commonly installed and operated in the freeway management
and operations disciplines”

e By comparison, the state-of-the-art is defined as “Innovative and effective practices and the
application of leading edge technologies that are ready for deployment in terms of operating
accurately and efficiently, but are not fully accepted and deployed by practitioners.

Specific distinctions between the state of the practice and the state of the art are not addressed
in this Handbook (as they are in Reference 6). The purpose of this Handbook is to provide the
practitioner with a wide range of potentially useful alternatives for implementing freeway
management programs and projects, thereby improving freeway operations. Some of these may
be considered “practice”; while others may be deemed as “art”. Emerging trends will also be
identified. Moreover, experience, lessons learned, and examples are provided in many
instances.

Many of the items addressed in this Handbook are either technology or program-based, and
therefore likely to change and/or become outdated at any time following the release of this
Handbook. The reader should check the date of the Handbook. At the time of writing this
document, the plan is for it to be more dynamic. The Internet is being used as one of the
methaods for distributing the Freeway Management and Operations Handbook. As technologies,
operating practices, or programs change, as additional experience is gained and new lessons
are learned, and / or as new reference documents are developed, the affected chapter(s) of the
Freeway Management and Operations Handbook will either be modified and posted on the web,
or announcements regarding new reference materials will be posted. For now, additional
information on Congestion Mitigation activities can be found at the FHWA Congestion Mitigation
web site at http://www.fhwa.dot.gov/congestion, the ITS Joint Program Office web site at
http://www.its.dot.gov, or the Office of Operations web site at http://www.ops.fhwa.dot.gov.

1.6.2 Key Themes

Regardless of which chapter(s) the practitioner is perusing, there are a few key concepts that
should always be kept in mind. Some of these have already been mentioned, while others will
be discussed in subsequent chapters. They nevertheless apply to all aspects and processes
involving the management and operation of a freeway facility. These key themes are highlighted
in Table 1-4, and discussed in the following bullets.

e Even though their primary responsibility may be the freeway network, practitioners must not
address freeway management and operations in a singular, isolated manner. All three of the
aforementioned legs of the “transportation stool” (i.e., building, preserving, operating), are
integral parts of the business of most transportation agencies, and freeways are just one
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element of the surface transportation network. The same planning, programming, and
budgeting processes are applied to all of these facilities and management attributes.

o Similarly, freeway practitioners must view transportation as a whole, consider a vast array of
potential tools. This may mean looking beyond the “typical” freeway management and
operation alternatives, and giving consideration to other types of improvements in concert
with freeway management systems and strategies. These additional strategies and
improvements and may include new construction to increase the roadway capacity,
enhancing other attributes of the freeway infrastructure (e.g., signing, pavement markings,
illumination) to increase safety and driver convenience / comfort, and strategies to reduce
travel demand.

Table 1-4: Key Themes for Freeway Management & Operations
> Practitioners must not address freeway management in a singular, isolated manner

> View the overall performance of the surface transportation network

» Consider how individual actions complement on another, and how, when combined as a
program, contribute to regional goals

> Implement freeway management systematically on a regional basis, coordinating with all
operational activities & organizations

> ITS is but a subset (“enabler”) of management and operations

> Consider all the available tools (e.g., roadway improvements, traffic control devices, ITS),
looking at many potential improvements

> Freeway management should be an integral part of established process within agencies;
with freeway practitioners participating in these processes.

e Practitioners must carefully consider how individual actions complement one another in the
long run and how, when combined into an overall program, they relate to regional and
community goals and objectives. Moreover, actions should be selected and implemented
that, through sound engineering and planning analysis, are shown to improve problems in a
cost effective, multimodal manner. Be realistic in the assessment of what is likely to be
accomplished. Set performance targets; identify, collect, and store information for
performance measurements; and report to the public and decision makers on system
performance.

o Freeway management and systems are only one part of the many transportation
management systems and operations activities that may exist within a metropolitan area,
state, or multi state region. Freeway management should be implemented systematically on
a regional basis and be coordinated with all the activities typically undertaken to operate the
transportation network. This requires cooperation with neighboring governmental
jurisdictions, regional transportation agencies, and organizations that provide or are involved
with transportation — related services.
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¢ Many of the later chapters deal with ITS technologies. It must be emphasized, however, that
the deployment of Intelligent Transportation Systems is not the same as “operations”. ITS
can be a significant subset / enabler of improved operations — for example ITS can provide
real time information on the traffic flows; but operations is knowing what to do with this
information to improve traffic flow, safety, and mobility.

e Similarly, freeway management and operations extends beyond ITS and electronic
systems. Freeway managers must be familiar with all of the tools available to improve the
safety and efficiency of the freeway system, including major roadway improvements, minor
roadway improvements, and traditional traffic control devices (such as, static signing,
pavement marking, and illumination systems). Moreover, practitioners should continuously
look for opportunities to improve the performance and safety of freeway facilities with all of
the available tools.

e Several processes have been instituted for developing transportation programs, planning
and prioritizing potential improvements, and defining individual projects and strategies.
Moreover, transportation agencies have adopted some of these — often with variations — as
their formalized approach for making informed decisions regarding the investment of public
funds for transportation improvements. Freeway management and operations should be an
integral part of the established processes within an agency. Moreover, the freeway
management practitioner must be cognizant of and, to the greatest extent possible
(commensurate with his/her responsibilities), participate in these processes ensuring that
freeway management and operations receives appropriate consideration.

1.7 DOCUMENT ORGANIZATION

Each of the 17 chapters that comprise the Freeway Management and Operations Handbook
has been developed to “stand alone” within its specific topic area. Not lost on this, though, are
the relationships and dependencies between various freeway management activities and other
elements that comprise the surface transportation network. Thus, just as the freeway
practitioners must view transportation as a whole, this Handbook should be looked at in a
similar fashion. The chapters are not completely independent — for example, performance
measures (discussed in Chapter 4) should be an integral part of the various processes
(discussed in both chapters 2 and 3) by which transportation improvements are planned,
developed, and implemented. Moreover, a freeway management program will encompass
strategies and technologies from multiple chapters.

It is emphasized that the chapters only provide an “introduction” to their respective subjects. For
additional details and design guidelines, the practitioner should consult a variety of references,
many of which are identified (including web addresses) in the text of the chapter, along with the
references section at the end of each chapter.

Chapters 7 through 17 — the ones that address specific freeway management strategies and
technologies — utilize a common basic structure, starting with an introduction of the topic, the
purpose of the chapter, and its relationship to other freeway management activities and
Handbook chapters. The next section addresses “Current Practices, Methods, Strategies, and
Technologies”, including an overview of the subject, benefits, key considerations during freeway
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management program development, the relationship to the National ITS architecture, specific
technologies and strategies, and emerging trends. This is followed by a section on
“Implementation and Operational Considerations”. The chapter concludes with “Examples” and
“References”. This format is not rigid. Depending on the chapter and its subject matter, these
sections may have a different order, additional sections may be included, examples may be
included throughout instead of in a separate section, and design considerations may be located
in different sections; all to keep an appropriate flow of thought.

A brief summary of the material covered in the remaining chapters is provided below:

e 2 —Freeway Management and the Surface Transportation Network: This chapter looks
at freeway management and operations from the broader view of the entire surface
transportation network, addressing the many external factors and dependencies (i.e., “cause
& effect” interrelationships) that can impact the performance of the freeway network and
how it should be managed. Information is provided regarding the types of constituencies that
use and/or impact the surface transportation network, and the various organizational “tiers”
where decisions affecting the surface transportation network are made. Several approaches
are then discussed for meeting the challenges that these external factors and dependencies
often present, thereby further improving the operation of the freeway as well as the entire
surface transportation network. This “advice” applies to all potential freeway management
activities and supporting technologies, and should therefore be duly considered when
reading all subsequent chapters of this Handbook.

o 3 -Freeway Management Programs: This chapter focuses on processes and activities
specific to freeway management and operations. A series of activities are presented for
establishing, enhancing, and managing a freeway operations program. These “steps” are
not to be viewed as a separate process for developing a freeway management and
operations program. Rather, they represent an amalgamation of important activities from
other established processes. Intelligent Transportation Systems (ITS) have proven to be a
significant enabler of operations, and many freeway management programs will include
projects to design and implement ITS - based freeway management systems. Accordingly,
this chapter also summarizes a number of published processes that are geared towards ITS
deployment (e.g., systems engineering, configuration management, national and regional
ITS architectures), with additional information provided in Chapter 14.

o 4 —Performance Monitoring and Evaluation: Performance measures and the results of
evaluations are important inputs to transportation planning and investment decision-making
processes of public agencies. Moreover, the day-to-day operation and management of the
freeway requires real — time knowledge how well the freeway is performing and the
existence of any problems. This chapter addresses several related topics:

o Performance measures, including discussions of why they are important, their
relationship to the decision-making process, and important considerations when
selecting performance measures. Several examples of performance measures that may
be utilized for freeway management and operations are also provided, along with
discussions on information gathering, data archiving, and reporting.
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0 Self-assessment tools developed by FHWA for evaluating how well the operations
process is organized and administered, and how well it interacts with other agencies and
affected stakeholders.

0 Analytical tools (e.g., Highway Capacity Manual, simulation, before-and-after studies,
estimating costs and benefits) for evaluating freeway performance and identifying
problems, analyzing and prioritizing alternative solutions for correcting these problems,
estimating the associated benefits and costs, and determining the actual improvement in
performance and its cost effectiveness.

e 5 —Roadway Improvements: This chapter provides an overview of potential actions that
improve freeway performance by modifying the roadway itself, such as adding lanes to
increase capacity (and thereby increase operational efficiency) at bottleneck locations, and
making changes to the geometric configuration or physical characteristics of the roadway to
enhance safety. After a brief overview of the types of problems that can be addressed by
roadway improvements (and the potential benefits), and how these potential improvements
should be addressed within the freeway management program, the following improvements
are discussed: horizontal and vertical alignment; roadway widening (e.g., auxiliary lanes,
shoulders); providing additional lanes without widening (e.g., restriping, use of shoulder as
travel lane); interchanges (improvements to ramps and weaving sections); and other
improvements such as treatment of obstacles and skid resistance.

o 6 — Roadway Operational Improvements: Starting with this chapter, the rest of this
Handbook is devoted to a discussion of operational strategies and enabling technologies.
This particular chapter provides an overview of potential actions — specifically static signing,
pavement markings, and roadway lighting — that do not modify the roadway footprint or
geometry; nor are they usually considered in the context of “real-time” freeway management
strategies and enabling technologies. Nevertheless, such improvements can improve the
operation of the freeway, particularly in terms of safety and driver convenience and comfort.
An overview of Travel Demand Management (TDM) strategies is also provided.

e 7-Ramp Management and Control: Ramp management is the application of control
devices, such as traffic signals, signing, and gates to regulate the number of vehicles
entering or leaving the freeway, in order to achieve operational objectives. Most ramp
management strategies lead to improved traffic flow and safety by 1) regulating the number
of vehicles entering or exiting a freeway, or 2) smoothing out the rate at which vehicles enter
the freeway facility. This chapter describes various ramp management strategies, typical
benefits, operational and design considerations, and provides case studies demonstrating
agency experience with ramp management strategies.

e 8-Managed Lanes: A managed lane facility is one that increases freeway efficiency by
packaging various operational and design actions. Lane management operations may be
adjusted at any time to better match regional goals. This chapter addresses several
managed lane concepts, including truck lanes, contraflow and reversible lanes, mainline
metering, speed advisories and controls, work zone controls, toll facilities, and congestion
pricing.
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e 9 —High Occupancy Vehicle Treatments: A form of managed lane, the preferential
treatments for high occupancy vehicles (HOV), as a means for increasing the person-
moving capacity of the transportation system, is covered in this chapter. Topics discussed
include types of HOV facilities used on freeways (e.g., exclusive HOV lanes, concurrent flow
HOV lanes, contraflow HOV lanes; operated either bi-directionally or reversible), park-and-
ride facilities, HOV facility access, HOV strategies and operations (e.g., occupancy
requirements, hours of operation, enforcement), and public awareness and marketing. High
Occupancy Toll (HOT) lanes are also discussed.

e 10 - Traffic Incident Management: Traffic incident management is the systematic,
planned, and coordinated use of human, institutional, mechanical, and technical resources
to reduce the duration and impact of traffic incidents, and improve the safety of motorists,
crash victims, and traffic incident responders. This chapter provides a summary of the
FHWA Traffic Incident Management Handbook, a document that treats traffic incident
management in depth and is considered the primary reference on the subject.

e 11 -Planned Special Event Management: A planned special event is a public attended
activity or series of activities, with a scheduled time and location that may increase or disrupt
the normal flow of traffic on affected streets or highways. The FHWA technical reference
Managing Travel for Planned Special Events presents and recommends various planning
initiatives, operations strategies, and technology applications that satisfy the special
customer requirements and stakeholder performance requirements driving planned special
event travel management. This chapter summarizes that reference, highlighting the
essential elements involved in managing traffic during planned special events.

o 12 - Freeway Management During Emergencies and Operations: Disaster planning,
prevention, preparedness, response, and recovery fall into the category of emergency
management. Natural disasters (e.g., hurricanes, forest fires, earthquakes, severe winter
weather) and terrorist attacks are generally sudden and unexpected. Even those
emergencies that can be anticipated have relatively short advance - response times
amounting to, at best, a few days. The transportation network — particularly freeways — plays
a major role during emergency management, including expediting evacuations from the
affected area, and the return following the emergency. In some cases, emergency
management also involves the restoration of transportation services. This chapter provides
a high-level overview of procedures, institutional arrangements, and supporting
documentation that are applicable to emergency management; many of which may be
unfamiliar to the freeway practitioner, but nevertheless can have a major impact on the
operation and management of the freeway during emergency situations.

¢ 13 - Information Dissemination: The traveler information process extends well beyond the
freeway, both in terms of where the information is obtained and how it is distributed.
Information on freeway conditions and the dissemination of that information to freeway users
should therefore be viewed as part of a broader, region-wide, advanced traveler information
system (ATIS). This chapter covers the entire spectrum of ATIS, with the greatest emphasis
being placed on those technologies and strategies that are directly related to the operation
and management of the freeway itself (e.g., Changeable Message Signs (CMS) and
Highway Advisory Radio (HAR)). Other topics include the “511” telephone — based system,
traveler information dissemination over the Internet, and public — private partnerships.
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e 14 —Transportation Management Centers: The TMC is the hub or nerve center of most
freeway management systems. It is here data about the freeway system is collected and
processed, fused with other operational and control data, synthesized to produce
“information”, and distributed to stakeholders such as the media, other agencies, and the
traveling public. The information is used by TMC staff to monitor the operation of the
freeway, and to initiate control strategies that affect changes in the operation of the freeway
network. It is also where agencies can coordinate their responses to traffic situations and
incidents. This chapter addresses several aspects of TMCs, including the physical design of
the facility, operator workstations and user interfaces, other information displays, local area
networks, central hardware and software, and TMC security. The “systems engineering” and
“configuration management” processes are also discussed

e 15— Detection and Surveillance: Detection and surveillance technologies provide the
information needed to perform nearly all traffic management functions and strategies. This
chapter provides a summary of the FHWA document Traffic Detector Handbook, which
addresses a number of technologies for measuring traffic flow. Other surveillance options
(i.e., not addressed in the FHWA document) are also described, including probe—based
surveillance, video surveillance (i.e., the use of real time video images of the freeway), and
road-weather information systems (RWIS).

e 16 — Regional Integration: The integration of multiple systems within a region provides for
the real-time sharing of information between ITS based systems and the coordination of
management activities between transportation agencies and emergency service providers,
thereby enhancing system interoperability and enabling an areawide view of the
transportation network. In essence, the goal of regional integration is to bring the operation
and management of the surface transportation network into a unified whole, and to
incorporate this singular management of the surface transportation network with the
management of the broader transportation network. This chapter focuses on “technical
integration”, including network topologies, database considerations, related elements of the
National ITS Architecture, standards for message sets and protocols, etc. that enable
different Management Centers (e.g., transportation, emergency services, information
providers) to readily (and automatically) exchange, store, and access information from one
another — a process known as “center-to-center” communications.

e 17 - Communications: A communications network provides the means by which
information is exchanged between all the entities and components that comprise a freeway
management and operations program. There are multiple communications options (e.g.,
network architectures, technologies, standards, implementation strategies) available for
meeting these needs. It is crucial that the most appropriate options be selected to best
support the operational requirements of the freeway management program and the
associated ITS — based systems. This chapter provides a summary of the FHWA document
Communications Handbook for Traffic Control Systems.
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2. FREEWAY MANAGEMENT AND THE SURFACE
TRANSPORTATION NETWORK

Chapter 2 was revised in June 2006. For more information on the extent of these revisions, see
the Revision History Table at the beginning of this handbook.

2.1 INTRODUCTION

The surface transportation network consists of physical elements, modes, services,
management systems, and operational strategies that enable the transport of people and
goods. Freeways (as defined in Chapter 1 to include all expressways, limited-access toll
facilities, entrance and exit ramps, and connecting bridges and tunnels), along with their
supporting traffic management strategies and technologies, comprise just one element of this
larger system. Moreover, the basic institutional fabric of the surface transportation network is
multi-agency, multi-functional, and multi-modal. This framework often leads to a fragmented
delivery system for transportation service, resulting in an “agency” focus rather than a regional,
system-wide perspective — one that considers the entire trip over the entire surface
transportation network by a variety of different users and customers.

The perspective of the “customers” (i.e., the users of the surface transportation network) is that
there is only one system. The public generally does not care which jurisdiction or agency is
responsible for the road or mode on which they are currently traveling. As taxpayers (and in
some cases fare / toll payers), they want and deserve a safe, reliable, and predictable trip — one
that is safe from physical and mental harm, provides a consistent level-of-service with minimal
congestion, and is predictable in terms of travel time. To achieve this singular vision of the
surface transportation network, the involved agencies and practitioners must recognize and
address the many customer, inter-facility, inter-jurisdictional, and inter-modal dependencies. As
noted in the introduction to “Regional Planning for Operations Primer” (Reference 1), an
introductory document that discusses a formal collaborative activity called “regional planning for
operations”:
“More than ever, the safe, reliable, and secure operation of our Nation’s transportation
systems depends on collaboration and coordination across traditional jurisdictional and
organizational boundaries. Nowhere is this more apparent than in our metropolitan
regions where numerous jurisdictions, agencies, and service providers are responsible
for safely and efficiently operating various aspects of the transportation system. Many of
these operations activities in a metropolitan region must cross agency and jurisdictional
boundaries to be successful. They may include traffic incident management, emergency
management, communications networks, traveler information services, response to
weather events, and electronic payment services. These regional operations activities
depend on collaboration, coordination, and integration to be effective and truly benefit
those that use or depend upon the regional transportation system.”
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The examples of operations activities provided in the above statement are integral parts of a
freeway management program. Accordingly, the freeway practitioner has a significant role to
play in achieving this vision of a “seamless” transportation network. At the same time, freeway
practitioners must recognize that freeway management and operations represent but one “tool”
for alleviating congestion, improving safety, and enhancing mobility; and other approaches merit
due consideration. Additionally, in a pluralistic society such as ours with its numerous levels of
government and organizational hierarchies, freeway practitioners must be cognizant of all the
external circumstances that can impact the operation of the freeway network — either positively
or negatively — thereby affecting how they define and pursue their individual responsibilities.

There are also temporal considerations. Decisions are made throughout the life cycles of
transportation facilities — at a strategic level (i.e., long term), tactical level (i.e. shorter term), and
operational level (i.e., real time). And all such decisions can affect the design, construction,
operation, maintenance, and management of the transportation network.

211 Purpose of Chapter

This chapter looks at freeway management and operations from the broader view of the entire
surface transportation network. Its goal is to provide the practitioner with an understanding of
the many external factors and dependencies that can impact the performance of the freeway
network and how it should be managed. These “cause & effect” interrelationships between the
freeway and the overall surface transportation network include physical, technical, institutional,
operational, procedural, and temporal considerations.

Following this introductory section, background information is provided regarding the types of
constituencies and stakeholders that use and/or impact the surface transportation network in
some fashion.? The various organizational “tiers” where decisions affecting the surface
transportation network are made (e.g., national, statewide, regional, agency), and the
associated time frames of these decisions are then discussed.

The remainder of this chapter — and its primary objective — provides the practitioner with several
approaches for meeting the challenges that these dependencies often present, thereby further
improving the operation of the freeway as well as the entire surface transportation network.
Specific considerations include awareness of and involvement in the various transportation
planning and capital programming processes that impact freeway management and operations;
having an expanded and integrated view of freeway management and operations, and clarifying
the potential benefits of freeway management and operations. The program entitled “Regional
Planning for Operations” and the importance of human relations are also discussed. This
“advice” applies to all potential freeway management activities and supporting technologies, and
should therefore be duly considered when reading all subsequent chapters of this Handbook.

2.2 BACKGROUND

A paradigm shift in transportation agencies’ missions has been underway for several years.
These agencies had long been providers and maintainers of the surface transportation network.
But with an increase in congestion and crashes, particularly in urban areas, the mission and
services that these agencies support has been expanding to include “operations”. Moreover,

% This discussion of stakeholders is at a very high level. Additional detail and discussion of stakeholders is
provided in Chapter 3.
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with increasing levels of congestion, and the ability to expand the existing roadway
infrastructure becoming more difficult, the importance of operations has increased significantly

).

This shift in mission of “service provider and operator” is continuing slowly. Most agencies now
realize that they must also be operators to maintain and/or improve the performance and
reliability of their surface transportation system. Such a paradigm shift also requires agencies to
change the way they have been strategically planning, programming and allocating resources
(to include management and operational considerations), working in partnership with all of their
customers and with other jurisdictions and affected stakeholders. In essence, all of the various
elements — physical, technical, institutional, decision-making, operational, etc. — must not only
work better, but also together in an integrated fashion.

Successful management and operation of the surface transportation network (including
freeways) requires that the perspectives and concerns of several different constituencies be
considered. These “stakeholders” include anyone who has an interest in the operation of the
transportation network (a “stake” as it were), and may be categorized as follows:

e Users are the primary customers of the surface transportation system. This includes those
that use motorized transportation (e.g., motorcycles, automobiles, trucks, light and heavy
rail, buses) as well as those that use non-motorized transportation, such as walking and
bicycling. These customers are interested in safe, reliable, and predictable trips from their
origin to their destination. They are generally not interested in the details of how the system
operates, except when they encounter a system failure or disruption that influences the
convenience or reliability of their trip. Additionally, users want real time and accurate travel
condition information to guide them on their trip.

e Decision Makers (i.e., elected officials, agency heads, etc.) develop legislation and policies
addressing the funding, implementation, and management of the surface transportation
network. They also decide where public resources are allocated. They need to understand
society’s needs and allocate available resources to best satisfy those needs. They also
want to know the effects of their allocations.

o Responders, such as police, fire, and other emergency services, represent a “special user”
category. They utilize the transportation network as part of their critical missions, and often
have decision-making and operational responsibilities for the network, particularly during
traffic incidents, special events, and emergencies.

e Practitioners (i.e., agency managers, planners, designers, implementers, operators,
maintenance staff) are responsible for implementing the surface transportation network and
for its day-to-day management and operation. In essence, they are the “providers” —
providing the many functions and services requiring coordination and integration. They use
the resources provided by the decision makers to provide travelers with the transportation
services, travel modes and options, and information that meets the users’ needs. These
practitioners represent many different types of transportation agencies, including federal,
state, county, city, transit, and regional organizations.
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e Activity Centers and Service Providers, such as private traveler information providers,
airports and ports, private towing entities, stadiums, festivals, etc., can significantly impact
the operation of the transportation facilities provided by transportation agencies.

As discussed throughout this Handbook, when developing a transportation — related program or
project, it is important to identify the associated stakeholders, determine their needs and
concerns, and engage them in the overall process as may be appropriate. As noted in
Reference 1, such “collaboration and coordination” must be viewed as a “deliberate, continuous,
and sustained activity that takes place when transportation agency managers and officials
responsible for day-to-day operations work together at a regional level to solve operational
problems, improve system performance, and communicate better with one another”.

2.3 DECISION MAKING
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Figure 2-1: Freeway Management “Tiers” and Activities
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2.3.1 Tier 1 - Strategic Long Range Planning and Investment Decision Making

Tier 1 involves long-term planning and decision making that guides the overall development and
implementation of state/regional/and local transportation infrastructure. The focus of tier one is
on the overall “big picture” of how transportation fits in with other elements of a state/region/local
area to keep these areas in line with overall goals and objectives. Activities within this tier
include:

¢ Regional transportation plans.
¢ Agency and community strategic plans.
e Modal/corridor strategic plans.

Generally speaking, these plans are generally prepared for urbanized areas of more than
50,000 population covering at least a twenty-year planning horizon. They also serve as input
into programming specific investments over the mid- to long-term (see Tier 2). In other words,
plans prepared under this tier set the stage for program planning and ultimately for identifying
projects that satisfy regional goals and objectives. Plans of this nature should be updated every
five years, or in the case of non-attainment or maintenance areas every three years.

2.3.2 Tier 2 -Program and System Planning and Investment Decision Making

Tier 2 involves relatively long — term planning and funding, as well as shorter term operations
and management considerations. A major focus of Tier 2 is the strategic transportation
planning, programming, and coordination efforts that include a longer-range time horizon (3-20
years). Statewide and regional transportation planning is the structured process followed by
states, metropolitan planning organizations (MPOs), municipalities, and operating agencies to
design both short and long-term transportation plans. This structured planning process often
incorporates a Transportation Improvement Plan (TIP). A TIP describes specific projects that
will be deployed and/or operated over the next three years at a minimum. The TIP must be
prepared by each metropolitan area and state, and is to be updated at least every two years.
The TIP is a prioritized program of transportation improvement projects or project segments,
consistent with the Transportation Planning activities identified in Tier 1, and includes a financial
element that constrains the TIP to be consistent with the available public and private funding
sources. Development of the TIP must offer citizens, agencies, and other interested parties the
opportunity to comment on the proposed program. Each metropolitan TIP automatically
becomes part of the corresponding statewide TIP (the STIP). Freeway management projects
need to be included in this document to receive Federal funds.

In addition to the TIP, key products of Tier 2 often include a freeway management program plan
and an ITS strategic plan. These plans identify the key strategies and components of a freeway
management program, the potential ITS technologies, areas of initial implementation, future
initiatives to expand the functionality or area of coverage, and the resources needed to support
all of the life-cycle phases of the system. It is important that the process to develop the freeway
management strategic plan (or any such focused plan or project) support the overall
transportation planning process; not compete with it. Moreover, the end products of these
“focused” processes can and should be used to feed information back into the overall
transportation planning process.
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The development of these plans, especially the TIP, usually rests with the Metropolitan Planning
Organization (MPO). The MPO provides the forum for cooperative transportation-decision
making in which local elected officials and the communities they serve can identify shared goals
and negotiate differences so that transportation plans and programs can be developed in an
effective manner. Numerous transportation planning activities on a regional and local level feed
information to the development of the Transportation Plan and TIP. These planning activities
include ITS Strategic Plans, Corridor and Sub-area Studies, Major Investment Studies,
Congestion Management Plans and others.

While these processes have historically focused on capital projects, it is nhow recognized that the
statewide / regional transportation planning process must take management and operations of
the transportation network, and the ITS — based systems that support operations, into
consideration. The current trend to “mainstream” ITS (and operations) into the traditional
decision-making process of transportation planning means that operations and ITS deployments
will be increasingly funded through regular sources and compete with traditional transportation
components, such as road widening and new construction. There is consequently a need to
strengthen the ties between management and operations, ITS, and the transportation planning
process.

The functions and responsibilities of Tier 2 are evolving to also include a management and
operations element, with a much shorter time frame as compared to the transportation planning
functions noted above. This includes the development of regional ITS architectures, HOV
strategies, and similar strategic plans. It may also include regional and statewide operations as
represented by an “Integrated Transportation Management System”.
The Freeway Operation Committee of the Transportation Research Board of the National
Academy of Sciences defined an Integrated Transportation Management System as follows
(Reference 3):
“An ‘integrated transportation management system’ (ITMS) provides for the automated,
real-time sharing of information between ITS based systems and the coordination of
management activities between transportation agencies, thereby enhancing system
interoperability and enabling an area-wide view of the transportation network. These
systems and agencies provide for the management and operation of a variety of different
transportation facilities and functions, including freeways, arterial streets, transit (bus
and rail), toll facilities (e.g., bridges, tunnels), emergency service providers and
information service providers.”

Integrated transportation management systems and the associated statewide or regional
organizations (where they exist) develop policies and plans intended to manage and operate the
systems and programs — planned, funded, and deployed at other tiers — in a coordinated fashion
(e.g., pre-planning for special events and major incidents). This requires the cooperation and
involvement of the agencies and individuals that will be responsible for, or involved with, any
life-cycle phase of the system. The general time frame associated with the process to initially
develop traffic management plans and other items that support statewide / regional
management and operations is typically one to three years. These plans and the issues
addressed could include operational strategies; traffic control plans; regional / statewide traveler
information; staff procedures and protocols to coordinate services; response plans; resource
sharing or agency agreements; performance monitoring and evaluation reports; and operations
manuals that are used for the actual operation of an ITMS.
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There appears to be a general consensus that “operations is not adequately addressed by the
transportation planning process. Most, if not all, planning models are incapable of evaluating the
impact of improved operations on air quality and level of service. While investments in
operations are becoming increasingly important, they cannot be justified as part of the planning
process.” (1) Recognizing the need for a more formalized program for developing a
transportation operations program, the FHWA Office of Traffic Management has developed a
formal collaborative activity called “regional planning for operations”, which is discussed in a
subsequent section of this Chapter.

2.3.3 Tier 3 — Planning, Developing & Preparing for Day-to-Day Operations

Tier 3 has programming, design, and operations responsibilities. From the perspective of
freeway management and operations, it is in Tier 3 where the planning and designing of
individual strategies, plans, or projects takes place. It is where the infrastructure comprising the
surface transportation network (e.g., freeways, bridges, tunnels, surface streets, rail lines, rolling
stock, traffic control / management devices) is typically owned. This level develops a multi-year
program and budget that defines resources and commitments for a one-to-three year time
frame, with updates every year or two. As noted in the introductory chapter to this Handbook,
providing effective highway-based transportation consists of three component parts — building
the necessary infrastructure (i.e. construction), effectively preserving that infrastructure (i.e.
maintenance), and effectively preserving its operating capacity by managing operations on a
day-to-day basis. All three of these “legs” that make up the “highway transportation stool” are
defined and developed at the agency level; and it is at this tier where the relative balance
between these parts are determined, and the associated priorities, budgets, and allocation of
resources are established.

Another responsibility in Tier 3, and one that has become a priority, involves assessing the
vulnerabilities of the infrastructure and physical assets; developing possible countermeasures to
deter, detect, and delay the impact of threats to such assets; estimating the capital and
operating costs of such countermeasures, and then budgeting the required resources; and
improving security operational planning for better protection against future acts of terrorism.

234 Tier 4 — Day-to-Day Operations

Tier 4 (Day — to - Day Operations) deals primarily with the functions typically assigned to a
Transportation Management Center (TMC). A TMC may be a physical structure, or it may be
virtual. Regardless, the TMC is usually the heart of freeway management and operations
program, providing the day — to — day operations of the transportation network. The TMC level
performs several functions, including: gathering, synthesizing, and disseminating traffic and
travel condition information; controlling a variety of field devices (Changeable Message Signs,
ramp meters, cameras); and coordinating with other entities and stakeholders (e.g., emergency
response providers). It is often an integral part of an ITMS, processing information that it
receives from field devices and other TMCs, and sending out information. The TMC takes these
data and then synthesizes, analyzes and stores the data. Information is then sent out to the
sources that provided the information and other users of information. The users of information
can be any of the customers discussed previously.

The TMC deals directly with all events that influence the actual operation of the freeway,
including congestion, traffic incidents, special events, and emergencies. This is where the
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freeway is operated and managed in real — time, via ITS devices and strategies, control plans,
traveler services (e.g., freeway service patrols), operational procedures, and responses /
actions taken based on a specific traffic event. Decisions at this TMC level (and their resulting
outcomes) are made by operators, based on operations plans, which in turn are based on the
policies and strategies developed at other tiers, adjusted to reflect real-time conditions.

2.35 Interaction Between Tiers

The Legislative, Regulatory and Research Tier in Figure 2.1 focuses on policy, direction, and
support, and involves the authorizing legislation that establishes and provides priorities and
resources for federal regulations, policies, programs, and research. The implementation of
these regulations and associated programs are intended to positively influence the overall
environment and how transportation management strategies and technologies are considered
by the appropriate state, regional, and agency interests. These federal programs and rules,
corresponding research programs, outreach and technology transfer programs, and results of
the various initiatives (e.g., field operational tests, model deployments), are intended to
introduce new and innovative technologies and practices, improve the capabilities of public
agency staff, and advance the state-of-the-art and state-of-the-practice of local agencies — in
essence, setting the bar for the minimum allowable performance of the transportation network,
while encouraging agencies to go well beyond. Examples of how this can influence
transportation programs and decision-making across tiers include:

o The programming, budgeting and resource allocation decisions made in Tier 2 will
significantly impact the range of plans, services, level of automation, and options available
to operate or support a TMC or ITMS.

o The aforementioned FHWA Rule 940 (requiring regional ITS architectures) could be the
impetus for developing and deploying an ITMS, which in turn, will likely impact the system
configuration and operation of one or more TMCs.

o An Agency-wide assessment of the vulnerability of critical assets may very well impact
funding priorities for other transportation improvements (as identified in the TIP), resulting in
implementation delays. It is not inconceivable that a TMC and / or ITMS may be designated
a critical asset by the Agency, thereby affecting its daily operations (e.g., new procedures
and checks by which operators can enter and leave the facility, restrictions on the type of
information (e.g., video images) that operators can disseminate to the public).

e The design and subsequent implementation of a freeway reconstruction project (Tier 4) —
particularly one that has inadequate provisions for maintenance and protection of traffic in
the work zones; or that could disrupt system communications — will impact the operation of
the TMC. At the same time, the freeway management system / TMC may enhance the
maintenance and protection of traffic during the reconstruction (depending on the amount of
coordination between the involved entities).

Freeway management strategies and systems need to be considered — better still, be an
integral part — in the various decision-making processes in all tiers to ensure that the
appropriate resources are provided for freeway management to succeed. This also requires a
commitment on the part of these agencies to consider freeway management at the appropriate
tiers within each state, region, and agency. Similarly, freeway management practitioners must
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be cognizant of and, to the greatest extent possible (commensurate with their individual
responsibilities), participate in these processes ensuring that freeway management and
operations receives appropriate consideration.

2.3.6 Temporal Considerations

The various legislative, policy, programming, funding, management, and operational decisions
are made throughout the “life — cycle” of the surface transportation network, potentially occurring
during the planning, budgeting, design, implementation, operation, and evaluation of a program.
Of all the activities that occur during the life cycle of the freeway network, the planning and
programming activities are probably the most crucial to the long-term success of a freeway
management program. In essence, the planning and programming processes distribute
available funds and resources between the “3 legs” of the transportation stool (i.e., building the
necessary infrastructure; effectively preserving that infrastructure through maintenance &
reconstruction; and effectively preserving its operating capacity by managing operations on a
day-to-day basis), and other societal needs.

As noted in the description of the various tiers, the various decisions can differ greatly in their
respective time frames. Transportation planning typically deals with the strategic shaping of the
transportation network, guiding the deployment of the system over long periods of time, perhaps
decades. There is also a tactical consideration to planning — anticipating and responding to
known events — which comprises a much shorter time frame. Operations, however, are ongoing.
Operations planning guides the day — to — day functioning of the transportation network, and it is
through operations planning that flexibility can be achieved. Operating situations are dynamic
and driven by random factors. Real time is the temporal scale needed for operations, as the
responses to changing conditions must be extremely fast if congestion, safety, and security
hazards are to be ameliorated or avoided. (4)

Another consideration — everything is in a constant state of flux. For example, 20-year long
range transportation improvement plans are updated every one to two years, Congressional
reauthorization (with its changes in funding and polices) occurs approximately every 5 years
(plus or minus depending on circumstances and the political landscape), rulings and standards
can change or be updated at any time, and technology is continuously moving from emerging to
state-of-the-art to state-of-the-practice to (on occasion) obsolete. The freeway practitioner must
remain up-to-date on all decisions and plans that can impact operation and management of the
freeway network.

24 ROLES AND RESPONSIBILITIES OF THE FREEWAY PRACTITIONER

At the very minimum, the freeway practitioner must be aware of and understand the overall

framework in which freeway management and operations takes place. This includes:

e Recognizing that the freeway facility is just one component (albeit, a very important one) of
the overall surface transportation network. Accordingly, freeway management must not be
considered in a singular, isolated manner. Rather, it needs to be addressed in the context of
an integrated and regional system.

¢ Being cognizant of all the dependencies and external circumstances that can impact — either
positively or negatively — the operation of the freeway network. As discussed in the previous
sections herein, this includes enabling legislation, policies and rules, transportation planning
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processes and products, plans / designs for freeway reconstruction and maintenance,
strategic plans, operating plans etc. These various processes and funding mechanisms
must be understood in order to position freeway management and operations for inclusion
and positive consideration.

e Acknowledging that a variety of perspectives exist towards freeway operations and its
integration within the surface transportation network. These stakeholders and constituencies
include users, decision makers, other freeway practitioners, and service providers;
representing numerous entities (e.g., traffic, transit, police, fire, emergency management,
activity centers) and “tiers” of decision-making. Never forget that freeway management and
operations is an ongoing, iterative effort requiring regional collaboration and coordination.

These and other considerations for the freeway practitioner are discussed below.

24.1 Involvement

Awareness is important. But for a freeway management and operation program to be
successful, proactive involvement is needed at (and across) all the decision-making tiers.
Freeway management practitioners — be they operators, planners, designers, or managers —
need to become involved in the various institutional frameworks and decision-making processes
to the greatest extent possible, given their individual responsibilities. Examples of this
involvement include:

e Becoming a “champion” within your organization for the concept that local, state and
regional transportation agencies must make the daily, smooth operation of the surface
transportation network a core mission; and promoting a more collaborative operations
mentality within and among the organizations that manage and / or influence the surface
transportation network.

e Understanding the capital planning process and developing a role within it, as this is the
conduit by which funding for freeway management and operations is allocated. As
previously noted, transportation planning is a continuing process, with plans updated on a
regular basis (i.e., every | — 2 years). These plans (and the process to update them) provide
freeway practitioners with the opportunity to:

o Identify and influence the vision, goals and objectives for the region (e.g., mobility,
safety, quality of life, security, etc.).

0 Introduce policy / decision makers of the benefits that freeway management strategies
and other traffic management initiatives may have on the regions problems and
constraints.

0 Select appropriate performance measures on which transportation alternatives may be
compared, and the transportation plan and its components are subsequently evaluated.
(Performance measures are addressed in Chapter 4)

o0 Develop aregional “Concept of Operations” — addressing the role, responsibilities,
operational strategies, and functions of a freeway management program and systems —
in the regional / statewide planning documents.

e Obtaining funding for the deployment of freeway management systems, as well as funding
for the ongoing management and operations of these systems. Understanding and
becoming involved in the transportation planning process is important. But developing a role
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within the programming processes is critical. Without being included in the programming
decisions, there will be minimal (or no) funding for freeway management and operations.

e Engaging the appropriate stakeholders in every “process” that involves or impacts freeway
management, thereby providing a framework for collaboration and cooperation. This
constituency obviously includes the people responsible for policy decisions, overall
management, and day-to-day operations of the transportation system and public safety
services, including those involved in capital investment decisions. Nontraditional
stakeholders also need a voice in regional transportation operations. These other
stakeholders can include chambers of commerce, boards of trade, tourism and visitor
agencies, the towing and recovery industry, major shippers and carriers, traffic reporting
media, and major employers (or groups).

e Continuously coordinating and collaborating with other managers who are directly
responsible for operating elements of the transportation system on a day-to-day basis,
aiming to reach agreement on a shared operations vision, a concept for how regional
activities should be operated over time, what measures to use to assess effectiveness, and
how to make improvements to achieve desired expectations in operating performance.

e Understanding the political and institutional situation. After all, this is what establishes the
framework and context in which freeway management and operations activities and systems
are funded and implemented. The practitioner needs to be aware of the political and
institutional sensitivities and opportunities, determining the associated needs and how much
support may be forthcoming to meet these needs. The political / institutional situation should
not necessarily be viewed as a negative. It may be, but it could also be a very positive factor
that drives the program to success. Even if the program doesn’t have political and
institutional support at the beginning, there is always the opportunity, through presentations,
good management skills, and astute expectation management, to win people over as
supporters.

2.4.2 An Integrated and Expanded View

Freeway practitioners must view the overall performance of the transportation network as an
integrated whole, and not just focus on the operation of the freeway. The words “integration”
and “integrated” are used throughout this Handbook. The term “integration” is defined in the 4™
Edition of the American Heritage Dictionary as:” to make into a whole by bring all parts together;
unite”. In the context of this Handbook, the term is used to describe a bridging function between
all of the various components, activities, and related attributes that comprise and impact the
surface transportation network. The goal of integration is to bring the management and
operation of the surface transportation network into a unified whole, thereby making the various
transportation modes and facilities perform better and work together.

The surface transportation network can be “integrated” in many ways, including:

o Physical Integration — The various components that comprise the surface transportation
network — freeways and interchanges, arterial and local streets, parking facilities, sidewalks
and crosswalks, bus and rail transit lines and stops, airports, inter-modal facilities, etc. — are
all physically interconnected (e.g., arterial street — ramp — freeway). If they weren’t
integrated in this fashion, movement could not take place. As such, improvements on one or
more of these facilities — be they operational, physical / geometric, or some combination —
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can affect the operation of the other elements of the surface transportation network (e.g.,
inadequate acceptance capacity of the arterial or other traffic absorber near an off-ramp can
lead to traffic backing up onto the freeway). Perhaps more common is the scenario where a
problem on one facility significantly impacts the operation of other nearby facilities (e.g.,
major accident on the freeway causes traffic to divert to the surface street, which can disrupt
bus service and freight deliveries). Accordingly, the impacts on other facilities need to be
considered whenever making freeway management decisions, and vice-versa.

o Operational Integration — As users travel from point A to point B along the surface
transportation network, they typically use freeways, arterial streets and other elements of the
system. Moreover, even if they stay on the same facility type (e.g., a freeway), they are likely
moving from a facility owned and operated by one transportation agency to a facility owned
and operated by another agency. Other entities and activities — such as the police,
emergency services, roadway maintenance / construction, information service providers,
etc. — may also impact the trip. As such, it is important to implement operational integration
to promote information sharing and more coordinated operations between the various
transportation entities. Examples include exchanging information between TMCs, and then
combining the information to create a regional database for traveler information; changing
signal timing to accommodate increased traffic flow diverted from an adjacent freeway; or all
affected agencies jointly developing traffic management plans in advance, and then utilized
to manage traffic during special events and emergencies.

e Technical Integration — This is closely associated with operational integration, providing
the technical means by which information can be shared and the impacts of operational
decisions can be immediately viewed and evaluated by the affected agencies. An example
of technical integration is the adoption and use of standards enabling different TMCs to
automatically exchange information.

Standards allow different systems or devices manufactured by different vendors to more
easily share data. Specifically, they define how systems, products, and components can
interconnect, exchange information and interact to deliver services within a transportation
network. Standards help overcome the difficulties typically associated with proprietary
systems/devices owned and operated by TMCs by offering open architectures that:

0 Promotes integration and interoperability,
o Encourages growth by minimizing development costs, and
0 Increases buyer and seller confidence in products.

e Institutional Integration — If physical integration makes operational integration necessary,
then institutional integration is what enables such integration to take place. The
“Background” section of the FHWA Rule 940 publication in the Federal Register (5) states:
“Institutional integration involves coordination between various agencies and jurisdictions to
achieve seamless operations and/or interoperability. In order to achieve effective
institutional integration of systems, agencies and jurisdictions must agree on the benefits
and the value of being part of an integrated system. They must agree on roles,
responsibilities, and shared operational strategies. Finally, they must agree on standards
and, in some cases, technologies and operating procedures to ensure interoperability. This
coordination effort is a considerable task that will happen over time, not all at once.
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Transportation organizations, such as transit properties, State and local transportation
agencies, and metropolitan planning organizations must be fully committed to achieving
institutional integration in order for integration to be successful. The transportation agencies
must also coordinate with agencies for which transportation is a key, but not a primary part
of their business, such as, emergency management and law enforcement agencies.”

o Procedural Integration — Institutional integration (as well as operational and technical
integration) requires that those in authority make decisions to pursue integration of the
surface transportation network, and then support this integration by providing the necessary
resources. Decision-making is aided by a variety of procedures and processes — both
formal and informal ones. Procedural integration focuses on the legislative, policy, planning,
programming and budgeting environment in which the transportation infrastructure
functions. The expanded mission of “operations” requires agencies to expand and better
coordinate their procedures and processes for strategic planning, programming and
allocating resources, managing, and operating the network, working in partnership with all of
their customers, with other functional entities within their own agency, and with and other
agencies.

These various types of integration are interrelated — for example, the existence of physical
integration is often the impetus for exploring and instituting other forms of integration;
operational integration can be more effective when technical integration has been implemented;
procedural and institutional integration go hand-in-hand; while successful technical and
operational integration typically require institutional integration (and the associated managerial
support and funding) as a prerequisite.

In essence, organizations and practitioners that have previously operated independently need to
consider themselves as part of an integrated team. They must cooperate with neighboring
governmental jurisdictions, regional transportation agencies, and organizations that provide
transportation in those situations where the transportation problem is an area-wide
phenomenon. In many cases, because of the dispersed nature of travel patterns and the
multitude of organizations providing transportation services, solutions to particular problems in a
region or corridor will require a multi-jurisdictional approach. (6)

Coupled with this “whole” and integrated view of the surface transportation network, freeway
practitioners must also consider a vast array of potential actions to improve its performance.
This requires an expanded view of what constitutes “freeway management and operations”. For
example:

o Recognize that traffic congestion is a more difficult problem than simply too many cars at a
particular location. There are institutional and land use dimensions to the problem that make
it complex. Transportation improvements can be considered from the perspective of
enhanced transportation services (i.e., the “supply” of transportation), from the perspective
of those who use these services (i.e., better managing the “demand” for the transportation
system), from the perspective of influencing where and when this demand occurs (i.e., the
land use dimension), or any combination of the above. Practitioners should carefully
consider how individual actions relate to one another and how, when combined into an
overall program, they relate to regional and community objectives. (6)
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e The ITE Paper for the 2002 Theodore M. Matson Memorial Award (7) states: “there is a
disconcerting tendency to confuse ITS technology with improved operations”. Freeway
operations and management definitely includes extensive applications of Intelligent
Transportation Systems (ITS) technologies and strategies. ITS can be a tremendous
enabler of freeway management and operations, helping ensure that the investments in the
roadway infrastructure are being used wisely and to the maximum efficiency. But projects to
deploy these technology packages are not ends in and of themselves. Knowledgeable and
trained staff must be placed in charge of these systems, use them proactively to accomplish
well — articulated system goals and objectives, and maintain them.

o Reference 7 also states: “engineers must broaden their view of the profession to include
new approaches that have not traditionally considered their responsibility”. This expanded
view may mean incorporating freeway management and operation strategies (e.g., ramp
management and control, lane management, HOV systems, traffic incident and planned
special event management, information dissemination, surveillance); giving consideration to
other types of operational improvements and enhancements (e.g., increasing the roadway
capacity at bottleneck locations; improving static signing, pavement markings, illumination,
etc. to increase safety and driver convenience / comfort); examining better ways of
managing demand, such as congestion pricing and telecommuting; and considering long-
range strategies (e.g., future land use / development patterns) that will provide the
foundation for avoiding similar problems in the future. It is easy to claim that aggressive
approaches are far beyond the scope of the profession. If the transportation professional
does not take the lead, who will? (7)

2.4.3 Clarifying the Benefits

Traditional transportation projects that focus on adding new capacity introduce visible changes
in local accessibility and level of service. The direct benefits of many operational improvements
are often much less apparent and widely distributed. The benefits accrue to the users, but the
costs — which are on going — are the responsibility of the providers, a scenario that may not
always be highly valued in the political decision arena. A key precondition to generating support
for an increased operations focus is a more widespread appreciation of the relatively high cost-
effectiveness of most operations improvements. Accordingly, freeway management practitioners
must document the success stories. These need not be traditional benefit/cost studies. It is
more important to document real examples of how the quality of transportation operations has
been improved with freeway management and related implementations. These success stories
should involve innovative applications that cross traditional institutional structures and can be
understood for their intrinsic value — for example, improving the response time of an ambulance
through improved integrated operations, “amber alerts” via CMS, Internet sites showing real-
time traffic conditions (graphically and / or via video feeds) are all benefits that do not require a
benefit/cost ratio to be understood.

At the same time, freeway practitioners must be realistic in their assessment of what is likely to

be accomplished from the implementation of freeway management and operations strategies

and technologies. The “millennium paper” prepared by the TRB Committee on Freeway

Operations (8) provides several excellent points in this regard, as summarized below:

¢ Traffic management does produce benefits, but one must be careful how these benefits are
presented. The public must be given realistic expectations. For years, the public has been
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told that technology will solve all of its problems. Practitioners must be vigilant to ensure that
the view of the public toward freeway management and the associated technologies /
systems is not influenced by overoptimistic expectations and longer-than-expected delivery
times. The benefits of these systems are real, and the benefits of investing in freeway
management are already being realized. However, industry insiders must remember that
whereas the benefits for society as a whole are large, the benefits perceived by individual
drivers on a daily basis may not be so impressive. We have the larger picture, and we must
communicate realistic individual benefits to individual users.

o The safety benefits of traffic management always have been under-emphasized relative to
congestion — reduction benefits, even though the two issues are related. Motorists appear to
be increasingly concerned about safety and security. The safety benefits of roadway
systems and improvements (e.g., ramp metering, variable speed limits, managed lanes,
improved incident response) will require better documentation and publicity.

¢ How practitioners promote traffic management to elected officials, decision makers, and
agency managers is another challenge. Again, one must be careful in expounding the
benefits of freeway management and ITS — based systems. As a stand-alone program,
freeway management will not solve congestion; however, working with the other pieces of
the puzzle, it will help to mitigate congestion. Freeway management must work with traffic
management on the arterial road network, traveler information providers, and regional
planning to make an impact.

2.5 PLANNING FOR OPERATIONS

A recurring theme in this chapter has been the need for the freeway practitioner to understand
the transportation planning process and to develop a role within programming processes, as this
is the conduit by which funding for freeway management and operations is allocated. However,
this may not always be easy. As stated in a White Paper prepared by FHWA (Reference 9),
identifying significant areas of change to achieve an adequate emphasis on operations in
Federal surface transportation programs: “effectively and proactively operating the highway
system has not traditionally been of equal emphasis (to capital projects), and even where
operations activities have been pursued, they have been typically carried out in a stove piped
fashion within an individual jurisdiction (e.g. State, City, county), functional element (e.g.
freeway, arterial, local street) or mode (e.g. passenger vehicle, highway-based transit) basis. A
regional operations focus is largely lacking and the regional institutions that exist (e.g. MPOSs)
have not, with a few notable exceptions, traditionally championed operations at all.”

Reference 7 shares a similar sentiment, stating: “operations is not adequately addressed by the
transportation planning process. Most, if not all, planning models are incapable of evaluating the
impact of improved operations on air quality and level of service. While investments in
operations are becoming increasingly important, they cannot be justified as part of the planning
process”

Recognizing the need for a more formalized program for developing a transportation operations
program, the FHWA Office of Traffic Management has published a document entitled “Regional
Planning for Operations Primer” (1), an introductory document that discusses a formal
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collaborative activity called “regional planning for operations”. The development of this primer

was guided by three important principles:

e The value of regional operations collaboration and coordination results from having
formalized and sustained activity between operators and service providers in metropolitan
areas regarding regional operations policies and projects that cross agency and
jurisdictional lines.

o Where regional operations collaboration and coordination takes place, institutionally, is not
the question. What gets done is the important challenge. The focus is on improving
operational performance for safe, reliable, and secure transportation systems across a
region to better serve the customers.

e The regional operations collaboration and coordination activity must be closely linked to the
metropolitan transportation planning and decision-making processes governed by Federal
law. Stronger links between operations and planning will result in meaningful programs and
investments as well as improved service to the customer across modes, agencies, and
jurisdictions.

As envisioned in the primer, “regional operations collaboration and coordination is a deliberate,
continuous, and sustained activity that takes place when transportation agency managers and
officials responsible for day-to-day operations work together at a regional level to solve
operational problems, improve system performance, and communicate better with one another”
— much the same concept as discussed earlier in this Chapter. The document “encourages and
enables regional operations collaboration and coordination for transportation managers and
public safety officials from cities, counties, and States within a metropolitan region. These
managers and officials may include traffic operations engineers and managers, transit
operations managers, police officials, fire officials, emergency medical services officials,
emergency response managers, and port authority (e.g., air and water) managers.” While not
specifically mentioned, freeway practitioners are also part of this regional operations
collaboration and coordination.

Figure 2-2 shows the framework on which “managers with day-to-day responsibilities for
providing transportation and public safety services can build sustained relationships and create
strategies to improve transportation system performance. The intent of the framework is to help
institutionalize working together as a way of doing business among transportation agencies,
public safety officials, and other public and private sector interests within a metropolitan region”.
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Figure 2-2: Framework for Regional Collaboration & Coordination

(Reference 1)

This framework creates structures through which processes occur that result in products. It
implies a commitment of resources needed to initiate and sustain regional collaboration and
coordination and for implementing agreed upon solutions and procedures. The collaborative
spirit is motivated by a desire for measurable improvement in regional transportation system
performance. The five elements of the framework are interactive and evolving. A brief
description of each element and the associated “action steps” (taken from Reference 1) is
provided below:

251 Structure

The regional structure that supports collaboration and coordination within a region is the set of

relationships, institutions, and policy arrangements that shape the activity. It provides the “table”

at which operators and service providers sit with public safety and other key transportation

constituencies. This “regional table” may range from an ad hoc loose confederation to a formal

entity with legal standing and well-defined responsibilities and authorities. It may be facilitated

by or emerge from existing entities or be newly formed. Associated action steps include:

¢ Identify key constituencies (e.g., employers, shippers, developers, communities) who
support better transportation systems performance.

e Enlist regional champions/leaders who are committed to working together (and encouraging
others to work with them) in support of better system performance.

o Develop a vision for regional transportation system performance that is shared by operators,
service providers, and planners.

e Establish operations as a regular item on the regional planning agenda.

2.5.2 Processes

Processes are the formal and informal activities performed in accordance with written or

unwritten, but collaboratively developed and accepted, policies involving multiple agencies and

jurisdictions in a region. Processes describe how the “regional table” works to achieve its

objectives. Associated action steps include:

¢ Make investments decisions based on the best combinations of capital investments and
operations strategies (performance-based planning).
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e Ensure that the solutions (project) selection process and criteria provide a level playing field
for operational improvements and investments. Tools are available to show the benefits of
operational improvements.

e Address operations activities (e.g., incident management, traveler information) in multimodal
corridor planning.

e Use operations performance audits (e.g., corridor-wide) as a tool for guiding investment
choices.

e Leverage operations to achieve regional goals (or meet other commonly sought outcomes).

2.5.3 Products

The products of collaboration and coordination are the results of processes, informing regional

entities (public and private sector) about the operation of the regional transportation system over

time (including planned improvements). These products include studies, evaluations, a regional

concept of operations, baseline performance data, current performance information, and

operating plans and procedures. Associated action steps include:

e Provide a current conditions baseline to calibrate long-range planning.

o Develop a regional concept of operations that sets performance expectations for regional
operators (priorities, projects, improvements, processes, performance, resources).

e Get buy-in for the regional operations implementation agenda from public safety providers
and agencies that operate elements of the transportation systems.

o Make the regional operations implementation agenda a necessary input into the
transportation improvement plan/long-range plan (TIP/LRP).

e Use market research as the common link between operations (customer feedback) and
planning (planning input).

254 Resources

Resources govern what is available within the region for sustaining and implementing the
regional concept of operations and other operations plans on an ongoing basis. The resources
include staff, equipment, and dollars. Also implied is the commitment on the part of
organizations and individuals to allocate and share these resources. In essence, operations
must be viewed as a resource priority to participating organizations. Associated action steps
include:
e Ensure linkages to the overall regional transportation planning process for needed
investment in operations.
Use available funds to support convening activity for operators and planners.
o Ensure that everyone at the regional collaboration and coordination table perceives a return
on investment of time and other resources.
o Make resources sufficiently available and flexible to effectively fund regional planning for
operations activities and initiatives.

255 Performance

The performance element comprises how performance will be measured, and individual and
collective responsibilities for monitoring and improving regional transportation system
performance. Regional performance objectives, which are established collaboratively, most
commonly address public safety, mobility, security, economic development, and environment.
Associated action steps include:

e Agree on expected levels of performance and the need for improvement.
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o Develop and accept relevant regional performance measures.
Provide regular status reports on regional transportation system operations performance.
e Share, link, and provide system managers and system users with access to real-time and
archived system performance data.

Freeway management and operations must be an integral part of regional planning for
operations and the resulting strategies. These include a collective vision for how the region’s
transportation systems will operate in all situations, under a range of conditions, and with other
related systems; a concept for how the system should be operated on a regional basis, and how
to make changes to achieve desired improvements in system operating performance; and
measures for assessing performance.

2.6 HUMAN RELATIONS

A recurring theme of the above discussions is that freeway management and operations is an
ongoing, iterative effort requiring regional collaboration and coordination. The various agencies
that are involved or impacted by the surface transportation network don't attend and participate
in coordination meetings and decision-making processes, per se; rather, it is their
representatives that discuss and (hopefully) resolve the numerous institutional, technical, and
funding issues associated with regional operations. Freeway management and operations
requires the talents of many people. In fact, most institutional challenges and barriers are really
about human relations. As stated in the FHWA “Guidelines for Successful Systems” (Reference
10), “excellent human relations are therefore essential to a systems success. In fact, this may
be the most critical aspect of the process. If the various participants cooperate, then a
successful system is almost assured. On the other hand, when the relationships between
individuals disintegrate and they start to work at cross-purposes, the success of the system is
seriously endangered.” The importance of personal relationships among leaders and staff
members of key operating agencies and neighboring jurisdictions, who recognize common
problems and opportunities and agree to work together to improve regional transportation
systems performance, cannot be overemphasized.

The dependence on the social behavior of different individuals can be a bit unsettling. After all,
the most critical element of the process to develop, implement, and operate a freeway a
management program is also the least controllable. Reference 10 identifies a number of general
principles that can help to promote and maintain good human relations, and therefore minimize
many of the potential barriers to collaboration and coordination. These principles include:
. Good communications, preferably face to face.
. Appropriate knowledge and authority on the part of key individuals (agency
representatives, managers)

Empathy — viewing problems and issues as others do, which requires careful listening.

Honesty — clearly presenting the facts and being truthful in all dealings.

Individuality — approaching people as individuals, not as stereotypes.

Thoughtfulness — showing respect for the opinions and talents of others.

Positive Thinking — showing confidence in the concept of an ITMS

Flexibility — recognizing that circumstances change, and being open to new ideas.
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2.7 CLOSING

In closing, it is worthwhile highlighting similar “practitioner roles and responsibilities” identified in
other sources. For example, according to the ITE publication “A Tool Box for Alleviating Traffic
Congestion and Enhancing Mobility” (6), written by M.D. Meyers, “some of the most successful
efforts at adopting the transportation programs have exhibited the following characteristics:
e Waging an aggressive campaign to inform the public of what is likely to occur if
something is not done.
o Clearly stating what the average citizen will gain from these actions.
Providing opportunities for citizens and interact groups to participate in the planning and
decision making process.
e Actively pursuing business support for the proposed actions.
Seeking media support in editorials and news reporting.
o Developing a cost effective program that appeals to a broad a political base as possible”

The aforementioned FHWA White Paper (9), describing potential areas of change to achieve an
adequate emphasis on operations in Federal surface transportation programs, proposes:
“States be provided with a charge and the necessary resources to focus on regional operations
collaboration and coordination. How this would be carried out in each State would vary, but the
following functions would be performed:

e Establish and sustain a “table” where regional operations policies, protocols, activities, and
projects are defined, discussed, debated, and coordinated by transportation system
operators, including State and local transportation and public works agencies, public safety
personnel and transit system operators. Representatives at the “table” should be those
responsible for day-to-day management and operations activities;

e Develop, maintain, and monitor the effective implementation of a regional concept of
operations;

e Set performance targets; identify, collect and store regional data for performance
measurement, trend analysis, and monitoring; report to the public on system performance;

e Coordinate region wide operational improvement to enhance highway safety;
e Carryout regional collaboration for security and emergency transportation operations on key
evacuation and military routes and the protection of critical NHS and STRAHNET

infrastructure and provide for continued operations during an emergency;

o Prepare a Regional Operations Action Agenda; use performance data to identify operational
problems, evaluate potential solutions and facilitate their accomplishment;

e Ensure the coordinated delivery of timely traveler and user information on transportation
system operations to the full range of system users; and

¢ Provide substantive input to the Statewide and/or regional transportation planning process
on necessary investments to improve system performance.
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So long as all appropriate system operators are involved, performance of these functions could
be led by an existing regional agency, such as an MPO; other existing agencies, such as State
DOTs or large cities or counties; or an organization formed for the specific purpose of focusing
on regional operations.”

FHWA's “Self — Assessment process for Roadway Operations and System Management” (11) is
a tool by which agencies with traffic operations responsibility can assess the effectiveness of
their existing roadway operations processes, both in terms of its internal processes and the
degree to which it serves its customers. This self-assessment reflects two important aspects of
roadway operations: Organization (how well is the roadway operations process administered,
directed, an evaluated) and Business Results (how well is the roadway operations process
executed). Some of the assessment criteria — particularly those that mirror the discussions
herein — are summarized in Table 2-1.
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Table 2-1: Selected Criteria —“ Self Assessment Process for Roadway Operations and
System Management”

(Reference 11)

Area 1 — Organizational
Leadership - This category rates the senior leadership of an agency. It is a measure of the degree to
which this leadership has personal involvement in creating and sustaining values, agency directions,
performance expectations, customer focus, and a leadership system that promotes performance
excellence in roadway operations. Specific areas include:
e Performance Criteria — The degree to which the agency has established objectives for roadway
operations, including:
o0 Have performance objectives been established that measure quality of service provided to
motorists?

0 Have performance objectives been established for incident management services?

0 Have performance objectives been established for maintenance response times?

0 Are users involved in the identification of criteria?

e Personnel Understanding of Objectives
o0 Do clear visions and goals exist for roadway operations?
0 Has management communicated and documented the visions and goals for roadway
operations?
o0 Were all levels of personnel involved in developing the visions and goals?
0 Have responsibilities for these goals been clearly communicated?
o0 Are the visions and goals reviewed on a yearly basis and revised if appropriate?

e Outcome Orientation — The degree to which the agency relates the quality of its roadway operations
performance to the impact on the community.

e Structure — The degree to which the agency has established an organizational structure that
encourages effective leadership throughout the organization, including:
o0 Does the agency have an appropriate mix of individuals to achieve agency goals?
0 Are training courses given in leadership?
0 Are potential leaders identified from less experienced personnel?
0 Are the potential leaders mentored?

Planning - This category rates the manner in which the agency develops its roadway operations

strategies and plans, and the effectiveness with which it communicates them to its staff. Planning

includes a broad spectrum of activities, including:

o Participation in the long-term strategic planning process that is typically conducted agency-wide

e Annual planning and budgeting cycles for the roadway operations function

e Planning of near-term activities such as allocation of staff to operations and maintenance functions

e Decisions for periodic operational updates and reviews such as signing, signal retiming, and
preventive maintenance activities

e The manner in which the planning process is translated into an effective performance monitoring
system to ensure that planning objectives are achieved.

Customer and Market Focus - This category considers the agency’s relationship with its external
customers including motorists, commercial vehicle operators, transit providers, transit riders, bicyclists,
older drivers, hazardous material carriers, pedestrians, contractors, business owners and residents. It
evaluates the agency’s understanding and appreciation of its customers’ needs and expectations, and the
degree to which their needs are satisfied.
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Table 2-1 (Continued)

Integration — This category evaluates how well the agency’s operations are coordinated and integrated
with those of other modes and jurisdictions, and with “sister” organizations within the agency. Specific
areas include:

Coordination — The quality of your agency’s coordination with other agencies and organizations,
including:
o Does your agency meet regularly with other agencies and organizations?
o0 During these meetings, do you discuss operational issues of common interest?
o Do you discuss sharing of personnel and resource sharing (communications facilities,
equipment required for emergencies, etc.)?
0 Have you executed memoranda of understanding defining responsibilities during periods
for which operational coordination is required?
0 Have you practiced the coordinated operations under controlled conditions?
o Do you review, discuss, and act upon the results of coordinated operations following
major events or activities?

Integration of Operations — The quality of your agency’s concept of operations, including:

0 Has your agency participated in the development of a regional concept of operations that
defines the operational responsibilities of all agencies and organizations in the region
under various types of incident and non-incident conditions?

o0 Does this concept of operations describe the interactions between the agencies and
organizations?

0 Is the concept of operations reviewed and updated periodically?

o0 Have memoranda of understanding been executed by the participants that ensures
management acceptance and support of the concept?

0 Is the concept of operations consistent with the regional ITS architecture if one has been
developed?

Integration and Coordination of Routine Operations — The degree to which the agency’s routine
operations activities are coordinated with other agencies.

Data and Information Integration — The degree to which your agency recognizes the importance of
shared information, and takes steps to facilitate this sharing. (The various criteria within this category
explore “technical integration”, which is discussed in Chapter 16)

Integration of System Planning and Designs — The degree of integration that occurs during the
planning, design, and implementation of new traffic management and/or dispatch systems, such as
the inclusion of other agencies and organizations in the planning process; and the plans reflecting the
requirements and services needed by other agencies.

Human Resources (Personnel) - This category evaluates the manner in which the workforce (including

consultants and contractors) is enabled to develop and realize its full potential with regard to operations
and system management. It also evaluates the alignment of the agency’s personnel policies with its other
objectives. Specific areas include:

Involvement and Commitment — How well all personnel are encouraged and enabled to contribute to
achieving agency operations and system management goals and continually improving the agency,
including soliciting inputs from all personnel (as appropriate) during the development of the strategic
and annual plans.
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Table 2-1 (Continued)

e Professional Development Programs — The quality of the programs and facilities available to agency
personnel as appropriate for their job performance as well as advancement to the next job level,
including training programs in the categories of traffic engineering, project management, leadership,
and negotiating skills.

¢ Empowerment- Whether personnel are provided with the needed authority to permit them to interact
with neighboring and other appropriate agencies.

Process Management - This category rates the processes of the agency uses to provide quality roadway
operations, and the processes it uses to improve this quality. It deals with the degree to which processes
are defined, monitored, evaluated and upgraded. A key criterion involves “Integration with Other
Processes” — that is, the degree to which roadway operations is integrated with other elements of the
agency and with other agencies; the extent to which roadway operations personnel are involved in the
planning, design and inspection of new facilities; and participation of operations personnel in the activities
of the appropriate Metropolitan Planning Agencies.

Data, Information and Knowledge — This category evaluates the effectiveness with which the agency
collects data, processes the data, and creates the knowledge for effective decision-making at all levels of
management.

Area 2 — Business Results

This area evaluates the current performance of the agency in a variety of areas, listed below, all of which
are in the purview of the freeway practitioner.
Safety Analysis

Signing and Marking

Debris Removal

Snow, Sand, and Ice Control
Emergency Evacuation

Lighting

Traffic Monitoring

Vegetation Control

Service patrols

Ramp Metering

System Performance Monitoring, Evaluation, and Reporting
Construction Management

Rest Areas

Incident Response

Incident Diversion Planning

Incident Clearance

Scheduled Incidents

Motorist Natification (DMS, HAR)

Media Interface

Information Dissemination (Internet)
Freeway / Arterial Coordination
Interagency Coordination
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3. FREEWAY MANAGEMENT PROGRAMS

3.1 INTRODUCTION

Practically every transportation-related program and the associated deployment projects involve
some sort of “process” — a series of actions by which ideals and concepts are brought to fruition,
implemented, and managed on a day-to-day basis. Within every process there exists an
underlying structure that shapes and controls events. This framework consists of formal
activities (e.g., written policies and operational guidelines agreed to in a collaborative fashion)
and informal ones (e.g., human relationships), all relating to the ways options are created and
decisions are made to improve the performance of the transportation network. An effective
approach ensures that investment decisions include full consideration of operations strategies
along with capital improvements; that operations activities are addressed from a regional and
multimodal perspective; that the operations thinking addresses economic, environmental, and
mobility objectives as well as any institutional issues; and that once implemented, the effects of
these decisions can be measured and evaluated.

Several processes have been developed for planning and deploying transportation
improvements such as new infrastructure, ITS-based systems, and operational activities.
Moreover, many transportation agencies have adopted some of these — often with variations —
as their formalized approach for making informed decisions regarding the investment of public
funds for transportation improvements. Given that several such processes already exist, an
additional (and separate) process for establishing, deploying, and managing a freeway
operations program is not needed. Instead, freeway management and operations should be an
integral part of the established processes within an agency. Moreover, as discussed in Chapter
2, the freeway management practitioner must be cognizant of and, to the greatest extent
possible (commensurate with his/her responsibilities), participate in these processes ensuring
that freeway management and operations receives appropriate consideration and funding.

3.1.1 Purpose of Chapter

Chapter 2 identified and summarized some of these processes — specifically, statewide and
regional transportation planning for developing and updating long — range transportation
improvement programs; and “regional planning for operations”, a more formalized program for
developing a transportation operations program as recently developed by FHWA. This chapter
focuses more on processes and activities specific to freeway management and operations.
Following these introductory comments, a series of activities are presented for establishing,
enhancing, and managing a freeway operations program. These “steps” are not to be viewed as
a separate process for developing a freeway management and operations program. Rather,
they represent an amalgamation of important activities from other established processes.

Intelligent Transportation Systems (ITS) have proven to be a significant enabler of operations.
As such, many freeway management programs will include projects to develop, design,
implement, and expand freeway management systems that incorporate advanced technologies
and complex software. Accordingly, this chapter also summarizes a number of published
processes that are geared towards ITS deployment (e.g., systems engineering, configuration
management, regional ITS architectures). Finally, while not a process itself, the National ITS
Architecture is also discussed herein as the associated conventions and terminology will often
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affect how these other system processes are applied. Only a high - level overview of these
system processes is provided in this Chapter. Additional information and details can be found in
subsequent chapters of this Handbook, and in a variety of references, many of which are
identified herein.

While reading about, and perhaps someday utilizing, the information and processes discussed
in this chapter, it is important that the freeway practitioner keep in mind that ITS-based systems
represent just one potential aspect of a freeway management and operations program, and that
the freeway itself is just one element of the overall surface transportation network. Accordingly,
freeway practitioners must view the overall performance of the transportation network as a
whole, and consider a vast array of potential actions to improve its performance. Moreover,
practitioners must carefully consider how individual actions complement one another in the long
run and how, when combined into an overall program, they relate to regional and community
goals and obijectives.

3.2 ESTABLISHING A FREEWAY MANAGEMENT AND OPERATIONS PROGRAM

As defined in Chapter 1, a “program” is a coordinated, inter-related set of strategies,
procedures, and activities (such as projects), all intended to meet the goals and objectives
articulated in vision statements and policies. Figure 3-1 shows a series of activities that should
be considered when establishing, enhancing, and managing a freeway operations program.
This diagram and the “steps” shown therein should not be viewed as a separate, independent
separate process for freeway management and operations. Rather, they represent a collection
of important activities from other established processes, including the aforementioned planning
for operations (Reference 1), systems engineering (References 2 and 3), regional ITS
architectures (References 4 and 5), and incident management (Reference 15). This funnel
diagram shows freeway management and operations within the context of the broader
transportation planning process and the institutional environment as represented by the
stakeholders. This becomes the basis for a vision, goals, objectives and strategies; and how
these are used to identify required services, formulate the concept of operations, and help
determine performance measures. These lead to decisions regarding the improvements,
management systems, and staffing that are required. These operational tools are then
implemented leading to the actions an operator takes on a day — to — day basis. These actions
lead to results and outcomes, measured by the performance monitoring system, that
consequently feed back and affect the formulation of the policies, goals, and objectives, and
influence the planning and programming process. These various activities are discussed below.

3.21 Transportation Planning

As discussed in Chapter 2, statewide and regional transportation planning is the structured
process followed by states, metropolitan planning organizations (MPOs), municipalities, and
operating agencies to design both short and long-term transportation plans. Products are
project-oriented, typically providing the Statewide and Regional (Constrained) Long Range Plan
(LRP), Statewide Transportation Improvement Program (STIP), and regional Transportation
Improvement Program (TIP). While the process has historically focused on capital projects, it is
now recognized that the statewide / regional transportation planning process must take
management and operations of the transportation network, and the ITS — based systems that
support operations, into consideration.
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Regional/ Instituti |
Statewide Ens_l u |onat/
Transportation Snvllrc;]n T:jen
Planning takeholders
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Concept of Operations
Determine Performance Measures
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(Management Systems,
Staffing, Other Implements)
Operations Staff
Operator
Effects &
Outcomes
(Evolution, Refinement)

Figure 3-1: Activities That Comprise a Freeway Management & Operations Program
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This concept of “mainstreaming” ITS and related management and operations activities into the
traditional decision-making of planners and other transportation professionals is addressed in
several documents, including NCHRP Project 8-35: “Incorporating ITS into the Transportation
Planning Process” (Reference 7) and “Integrating Intelligent Transportation Systems within the
Transportation Planning Process: An Interim Handbook” (Reference 8). The former has the
stated goal of defining an integrated decision process where ITS and management and
operations strategies are considered on equal basis with traditional elements of the
transportation system. The latter “presents a framework for decision-making concerning ITS and
aids practitioners in successfully deploying ITS in the context of the overall transportation
program”.

The documentation for many of the processes noted and referenced above stress the
importance of linking their efforts to the overall transportation planning process, and using their
end product as part of the overall transportation planning process. For example, the FHWA rule
regarding regional ITS architectures (Reference 4) states that the “development of the regional
ITS architecture should be consistent with the transportation planning process for Statewide and
Metropolitan Transportation Planning”. In general, any process used to develop and implement
specific types of projects and activities (e.g., freeway management and operations, ITS — based
systems, regional architecture) must support the overall transportation planning process; not
compete with it. Moreover, the end products of these “focused” processes can and should be
used to feed information back into the overall transportation planning process. As noted in the
primer on planning for operations (Reference 1), “stronger links between operations and
planning will result in meaningful programs and investments as well as improved service to the
customer across modes, agencies, and jurisdictions”.

A freeway management and operations program must be an integral part of the regional and
statewide transportation planning processes. These include a collective vision for how the
region’s transportation systems will operate in all situations, under a range of conditions, and
with other related systems; a concept for how the system should be operated on a regional
basis, and how to make changes to achieve desired improvements in system operating
performance; and measures for assessing performance. Additionally, the freeway management
program (i.e., the associated improvements, systems, and operational tools) will provide
information for updating both the Transportation Plan and the Transportation Improvement
Program (TIP). The goal of the transportation planning process is on making quality, informed
decisions pertaining to the investment of public funds for regional transportation systems and
services. Using the freeway management and operations program to support these planning
activities is an important step in the mainstreaming of operations into the traditional decision-
making of planners and other transportation professionals.

3.2.2 Institutional Environment and Stakeholders

There are a number of institutional factors that can affect the requirements and decisions for a

freeway management and operations program. These include (from Reference 9):

e The Political Situation. The political situation creates the context in which a freeway
management and operations program is implemented. The people who created the political
situation are usually key stakeholders and have needs that you must meet. It is important to
determine what those needs are and how much support they’re willing to give to meet their
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needs. In addition, some of the people involved in creating the political situation may be
involved in the decision-making process that affects the freeway management program and
associated projects. The political situation should not necessarily be viewed as a negative
constraining the program. It may be, but it could also be a very positive factor that drives
the program to success. Even if you, as a freeway practitioner, don’t have the political
support when you start, you always have the opportunity, through good project management
and astute expectation management, to win people over as supporters.

o Receptivity to Innovation and New Ways of Doing Business. There are some who are
receptive to innovation and change (the “early adopters”) and some who resist change all
the way. Most people fall in the middle; they’re not looking for change / new ways, but
they'll accept it if it's presented to them in a positive way. Part of a freeway practitioner’s job
is to help the middle group, which is usually the largest one, accept the change by pointing
out the positive aspects of freeway operations, by promising only what can be realistically
delivered, and by keeping these promises. If there is resistance, the practitioner must look
for the reasons, keeping personalities out of the picture. It could well be that the reason for
the resistance is that some key requirement isn’'t being met for a group that considers
themselves stakeholders.

o Willingness to Invest in Freeway Management Solutions. It may be necessary to
provide information on the return on investment that the freeway management program
offers the community it serves.

e Local Laws and Regulations. Laws and regulations are frequently the source of many key
requirements. They set conditions that the program must meet and boundaries within which
the program must operate.

Stakeholders are interest groups who are benefit from, or are otherwise impacted by, freeway
management and operations (a “stake” as it were). This includes the various entities identified in
Chapter 2 — including users, decision makers, responders (e.g., police, emergency services),
practitioners, and activity centers and service providers; from all “tiers” — in essence, any
persons or organizations with a strong material interest in success or failure of freeway
management. The stakeholders are sources of the vision, goals and objectives, and
requirements, and they are also ones who validate or verify the requirements. Stakeholders
need to be brought into the picture early on to make sure their needs are considered and to
determine how they will be involved in the process. In some cases it may be necessary to
educate selected stakeholders, such as target the management levels in an organization where
decisions can be made to commit valuable personnel resources to support the freeway
management program effort.

The Regional ITS Architecture Guidance Document (5) provides an extensive list of the range of
stakeholders that have participated in regional ITS architecture development efforts around the
country. Reproduced in Table 3-1, the table makes a good checklist of possible stakeholders
that may be involved in a freeway management program. This list should not be viewed as
complete. As discussed in Chapter 11, additional stakeholders will become major participants
during emergency situations and disaster management.
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Table 3-1: Candidate Stakeholders

(Reference 5)

Transportation Agencies

Public Safety Agencies

State departments of transportation (DOT)
Local agencies (City & County)

> Department of transportation

> Department of public works
*Federal highway administration (FHWA)
*State motor carrier agencies
*Toll/Turnpike & Bridge / Tunnel authorities
*Port authorities
*Department of airport or airport authority

sLaw enforcement
> State police and/or highway patrol
> County sheriff department
> City/Local police departments
*Fire Departments
> County/city/local
*Emergency medical services
*Hazardous materials (HazMat) teams
*911 Services

Planning Organizations

Transit Agencies

*Metropolitan planning organizations (MPOSs)
*Council of governments (COGSs)
*Regional transportation planning agency (RTPA)

eLocal transit (city/county/regional)
*Federal transit administration
*Paratransit operations

*Rail services (e.g., AMTRAK)

Other Agency Departments

Activity Centers

sInformation technology (IT)
*Planning
*Telecommunications
sLegal/Contracts

*Event centers (e.g. sports, concerts, festivals, ski
resorts, casinos, etc.)

*National Park and US Forest Services

*Major employers

«Airport operators

Fleet Operators

Travelers

*Commercial vehicle operators (CVO)
> Long-Haul trucking firms
> Local delivery services
*Courier fleets (e.g., US Postal Services, Federal
Express, UPS, etc.)
*Taxi companies

Commuters, residents, bicyclists/pedestrians
*Tourists/Visitors
*Transit riders, others

Other Agencies

Private Sector

*Tourism boards/visitors associations
*School districts

sLocal business leagues/associations
sLocal Chambers of Commerce
*National Weather Services (NWS)
Air and Water Quality Coalitions
*Bureau of Land Management (BLM)
*Academia interests, local Universities
*National and statewide ITS associations (e.g. ITS
America, ITE ITS members, etc.)
*Military (including Coast Guard)

Traffic reporting services

eLocal TV & radio stations

*Travel demand management industry
eTelecommunications industry
eAutomotive industry

Private towing/recovery business
*Mining, timber or local industry interest
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3.2.3 Vision, Goals, and Objectives
The vision is a broad statement of the long-term goals of the program, such as “seamless traffic

flow across jurisdictional boundaries”, “enhanced mobility through readily available information”,
“safe and efficient movement of goods”, etc. Such themes enable all entities affected by freeway
management to agree in simple layman’s terms regarding its purpose. Moreover, as the
development of a vision should be a bottom-up process with input coming from the
stakeholders, it offers the opportunity to bring all the stakeholders to the table early in the
process, leading to a continuing dialog. Visioning also helps establish priorities and ensure that
the freeway management program is fully responsive to participants needs. The vision sets the

stage for the development of goals and objectives.

3.24 Needs and Services

This is the initial activity in determining how the freeway network should operate relative to how
it operates today. The needs may be identified from discussions with stakeholders coupled with
the results of analytical evaluations. This assessment should also include resources,
institutional considerations, and potential constraints (funding, staffing availability, schedule,
facilities). Services are the things that can be done to improve the efficiency, safety, and
convenience of the freeway network through better information, advanced systems, new
technologies, increased capacity, better guidance for drivers, improved institutional
relationships, enhanced maintenance and operations, etc. Services are defined at a very — high
level, and then prioritized, based on the needs evaluation and stakeholder input.

3.25 Concept of Operations

The Concept of Operations is a formal document that provides a user-oriented view of the
freeway management and operations program. It is developed to help communicate this view to
the other stakeholders and to solicit their feedback. In essence, the Concept of Operations lays
out the program concept, explains how things are expected to work once it’s in operation, and
identifies the responsibilities of the various stakeholders for making this happen. The vision,
needs, and services are also documented. The process to develop a Concept of Operations
should involve all stakeholders and serve to build consensus in defining the mission, goals, and
objectives; provide an initial definitive expression of how functions are performed, thereby
supporting resource planning; and identify the interactions between organizations (within and
between “tiers”).

By definition, the Concept of Operations does not delve into technology or detailed requirements
of the program. Rather, it addresses operational scenarios and objectives, information needs
and overall functionality, where the program should be deployed, how users will interact with the
various elements of the program, performance expectations, etc. The Concept of Operations
must also address the “institutional” environment in which the freeway management and
operations program is to be deployed, operated, and maintained. This environment includes all
the potential users and providers (i.e., stakeholders) and their respective needs and
perspectives, the relationships between the freeway management program and the policies /
procedures of the affected public agencies and private entities, and the necessary coordination
(working relationships and agreements) between the stakeholders.

Per the “IEEE Guide for Concept of Operations Documents”, the Concept of Operations:
e Provides a means of describing users' operational needs without bogging down in detailed
technical issues
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e Provides a mechanism for documenting a program’s (and system'’s) characteristics and the
users' operational needs in a manner that can be verified by the users without requiring
them to have any technical knowledge beyond what is required to perform their normal job
functions.

e Provides a place for users to state their desires, visions, and expectations without requiring
them to provide quantified, testable specifications.

e Provides a mechanism for users and providers to express their thoughts and concerns on
possible solution strategies. In some case, there may be technical or institutional constraints
that dictate particular approaches. In other cases, there may be a variety of acceptable
solution strategies.

3.2.6 Performance Measures

The performance measures provide the basis for evaluating the transportation system operating
conditions and identifying the location and severity of congestion and other problems. The
performance measures provide the mechanism for quantifying the operation of the network, and
should also be used to evaluate the effectiveness of implemented freeway management
strategies and to identify additional improvements. Another aspect of performance
measurement is sharing and providing managers and users with access to real-time and
archived system performance data. Additional information on performance measures is
provided in Chapter 4 herein.

3.2.7 Decisions Regarding Improvements, Systems, etc.

In this stage, a determination is made — in a more detailed manner than in the Concept of
Operations — what the freeway management program should do. This stage can run through
several iterative cycles of defining, reviewing, and refining the requirements. A key point related
to this phase is that the end product must be a set of requirements on whose meaning everyone
agrees. In the parlance of “Systems Engineering” (which is discussed later in this Chapter),
requirements are statements of the capabilities that the program strategies and supporting
systems must have (i.e., “functions”), geared to addressing the mission-oriented objectives of
the stakeholders. For requirements to be most useful, they should be statements of what is
desired, not descriptions of how the need should be satisfied.

3.2.8 Implement Tools

This stage involves deciding “how” each requirement in the freeway management program is
satisfied. It entails a determination of appropriate strategies, policies, actions, and systems and
their components so as to satisfy the requirements. This will typically consist of several
activities, including generating alternatives, assessing the alternatives (e.g., technical and
operational feasibility, institutional compatibility, life-cycle costs, constraints), and considering
the conditions that impact operations and maintenance (e.g., staff capabilities and availability,
environment, available facilities, training and documentation needs). The evaluation of
alternative strategies and system configurations / components should involve the following
steps: estimate benefits or utilities for each alternative, estimate life-cycle costs of each
alternative, perform comparative analysis, and select the alternative(s) offering the most
potential. (Chapter 4 discusses some analytical tools for making such comparisons).

The freeway management and operations program will likely be implemented via many
individual projects and initiatives that occur over years, or even decades. A sequence, or
ordering, of projects must be defined. The first step is to review the regional transportation plans
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(TIP, STIP), identify the freeway management projects that are already prioritized as short,
medium and long term, and then use this as a starting point. Each freeway management project
and initiative should be evaluated in terms of anticipated costs and benefits, and to determine
whether there are any institutional or technical issues that will impede implementation. In
addition, the evaluation may take into account the funding availability, agency and public
support for each project, and other qualitative factors that will impact the actual sequence in
which projects are deployed.

The projects and initiatives are then designed (e.g., preparation of plans, specifications,
estimates, and other contract documents / work orders) and then implemented (including
integration, testing, and acceptance activities, staff training, and documentation), making the
freeway management and operations program real.

3.29 Operator Actions

The implementation of systems and other operational tools result in the actions an operator
takes on a day — to — day basis. As discussed in Chapter 2, while the previous activities have
been strategic and tactical in nature, operations are ongoing and performed on a real time
temporal scale. This also includes maintenance of the freeway management and operations
infrastructure (ensuring that it is functioning properly) and on-going configuration management
(discussed later in this Chapter).

These actions lead to results and outcomes, measured by the performance monitoring system,
that consequently feed back and affect the formulation of the policies, goals, and objectives, and
influence the planning and programming process. This “feedback” element of the process allows
practitioners to assess the effectiveness of their efforts, to identify areas for improvement, to
demonstrate the benefits provided by the program, and to support requests for additional
resources

A freeway management and operations program is a continuous process, one that must take
into account changes in the local operational, technological, political, and funding environment.
Based on the results of the evaluations, the freeway management program may be expanded
(geographically and / or functionally), and the policies and operational strategies may be
modified. It may also require developing a revised vision, new requirements, different
approaches, etc. — in essence, continually exercising all the previous steps.

It is important that the operators understand that their actions directly contribute to achieving the
program’s goals and objectives. The more successful the operations program in meeting the
overall goals of the agency (as measured by performance monitoring), the more strongly
supported it will be. The program is not simply operating the system, but providing the
resources needed (equipment, software, tools, staffing, training, etc.) in a systematic approach
(e.g., systems engineering) to develop an overall approach to support operations and make it as
effective as possible.

Another important consideration is that freeway management and systems are only one part of
the many transportation management systems and operations activities that may exist within a
metropolitan area, state, or multi state region. Freeway management should be implemented

systematically on a regional basis and be coordinated with all the activities typically undertaken
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to operate the transportation network. This requires cooperation with neighboring governmental
jurisdictions, regional transportation agencies, and organizations that provide or are involved
with transportation — related services.

3.3 PROJECTS

“Projects” are well-defined, individual actions and activities that make up a substantial portion of
a program (along with policies, procedures, and other actions). The development and
implementation of projects is a how an on-going program is realized, and subsequently updated
to reflect changes in the operating environment. Most, if not all, freeway management and
operations programs incorporate some of the technologies and strategies associated with
Intelligent Transportation System (although it is important to always remember that freeway
management and operations is not limited to just ITS). As such, many freeway management
programs will include projects to develop, design, implement, and expand freeway management
systems that incorporate advanced technologies and complex software. This section
summarizes a number of published processes that are geared towards ITS deployment —
specifically, systems engineering, configuration management, and regional ITS architectures.
While these processes are oriented towards ITS and individual projects, they nonetheless
closely parallel the various “steps” identified in the previous section for establishing a freeway
management and operations program.

3.3.1 Systems Engineering

The literature contains many definitions for “systems engineering”. The FHWA Technical Report

“Building Quality Intelligent Transportation Systems Through Systems Engineering” (Reference

2) contains the following definition:
“Systems engineering is the process by which we build quality into complex systems. It
uses a set of management and technical tools to analyze problems and provide structure to
projects involving system development. It focuses on ensuring that requirements are
adequately defined early in the process and that the system built satisfies all defined
requirements. It ensures that systems are robust yet sufficiently flexible to meet a
reasonable set of changing needs during the system’s life. It helps manage projects to their
cost and schedule constraints and keeps realism in project cost and schedule estimates.”

Another way of describing system engineering is that it is a “requirements driven development
process.” That is, user requirements are the overriding determinant of system design,
component selection and implementation. There should be no “gold plating” and you only pay
for what you really need. The Systems Engineering process is more than just steps in system
design and implementation; is a life cycle process. It recognizes that most systems are built
incrementally and/or expand over time. The basic steps in the process do not change, but are
spread out over time. There is an even stronger need to provide feedback and assessment with
each incremental deployment phase so that future phases build on and expand the system,
rather than simply replace elements of the earlier phases.

Systems engineering helps accomplish four key activities that impact a project’s success.

These are (2):

¢ Identify and evaluate alternatives — The feasibility of each alternative must be measured
from three different points of view: technical feasibility, cost feasibility, and schedule
feasibility. Technical feasibility addresses whether we can build, maintain, and operate a
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system alternative, given the technology and people available to us. Cost feasibility looks at
whether we can build, maintain, and operate a system alternative with the funds available
for it. Schedule feasibility considers whether we can build a system alternative within the
time frame allotted for its development. Usually we have to make trade-offs, deciding which
alternative offers the better value.

¢ Manage uncertainty and risk in our systems — If we could accurately predict the future, it
would be easy to avoid mistakes and problems. However, in real life, we need to deal with
uncertainty and risk. Systems engineering focuses on three aspects of risk management:
identification, analysis, and mitigation.

¢ Design quality into our systems — This is accomplished by addressing those factors that can
negatively affect quality. Paraphrasing the International Organization for Standardization
(1ISO), we can define quality as “the totality of features of a system that bear on its ability to
satisfy stated or implied needs.” Among the factors that can negatively affect the quality of a
system are its complexity, its inflexibility, its lack of standardized components, and its
reliability and availability.

¢ Handle program management issues that arise — this requires a good project plan — one that
is complete, comprehensive, and communicated. It should including all tasks that must be
performed, accurately estimate the resources required to accomplish each task, assign the
appropriate resources to each task, define all dependencies among tasks, identify all
products or other criteria whose completion signifies that a task is done, and determine how
to measure progress against plan when managing the project.

References 2 and 6 utilize the ‘V” (or “WEE”) model as a way of showing the systems
engineering process and relating the different stages in the system life cycle to one another.
The “V” model, illustrated in Figure 3-2 shows the early stages in building a system as steps
along the left leg of the “V,” the decomposition leg of the process. The steps on this
decomposition leg break the system down into its pieces, proceeding from development of a
Concept of Operations for the system, through the definition and refinement of the system’s
requirements (going from high-level to detailed requirements), to the system design stage,
which also goes from high-level to detailed design. At the bottom of the “V” is the
Implementation stage, which represents the transition from decomposition (the conceptual level)
to re-composition (the physical level). During this stage, the system’s design is transformed into
actual products. On the right-hand leg of the “V” are the re-composition steps, where all the
parts of the system are tested and put together. As one proceeds up the right-hand leg, the
system’s building blocks are combined into larger and larger pieces, resulting in a finally
assembled and installed (i.e., complete) system.

The “V” model helps to emphasize the importance of evaluation in all stages of a system
project. In the early stages of the system life cycle (the left leg of the “V” model), one is using
mostly inspection and analysis as evaluation tools. In the later stages of the system life cycle
(the right leg of the “V” model), the primary evaluation tool is testing. Regardless of which leg of
the “V” model one is on, evaluation efforts are combined with system development activities.
Additional information regarding the individual steps that comprise the “V” systems engineering
model is provided in Chapter 14.
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Figure 3-2: V - Diagram
(Reference 2)

As previously noted, one of the key activities of the systems engineering process is to manage
risk. This means ferreting out the issues and potential problems that can affect the end - project.
Table 3-2 contains a set of questions — listed by each step shown in the “V” diagram — that can

be asked to help identify issues and potential problems. The questions are at a high level. As
you answer them, other, more detailed questions will arise.
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Table 3-2: Key Systems Engineering Questions

(Reference 2)

Area

Key Questions

Needs
Analysis

What is wrong with the current situation?

What needs does the ITS project fill?

Have we clearly articulated the need?

Do all ITS project stakeholders have a common understanding of
the project’s goals and objectives?

Concept of
Operations

Is our concept consistent with any Architecture(s) with which it
must interact?

Have we identified all intended users of the ITS system?

How will each intended user interact with the ITS system?

How is this different from the current situation, if at all?

Do the intended users understand their role in the ITS system?
Have we coordinated with all other agencies affected by this ITS
system?

Requirements

What specific functions will this ITS project perform?
Have we defined each function in detail?

Have we identified all system interfaces?

Are all system interfaces well defined?

Have we defined our required system performance in quantifiable
terms?

Have we reviewed all requirements with stakeholders?
Have we considered system availability requirements?
Have we assessed our reliability and maintainability
requirements?

What derived requirements must we validate with our
customer(s)?

Have we considered what security our system needs?

System
Architecture

What are the components of the ITS (e.g., TMC, ATIS)?

How does this ITS system fit in with other ITS systems in the
region?

Is there an existing regional or project architecture based on the
National ITS Architecture?

Allocated
Requirements

Which components address which requirements?
Is this allocation appropriate?

Is this allocation complete?

Are there any unaddressed requirements?

Detailed
Design

Do the details meet the requirements?

Is each component buildable?

Are the interfaces satisfied?

Are the details well documented?

Do the details of the design map to all allocated requirements?
Have we built sufficient redundancy into all mission-critical
components?
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Area Key Questions
Implementation | ¢ What is the overall plan for building this ITS system?
(includes o If capability will be phased in, what is our overall schedule?
system e Can the ITS project be completed within cost and schedule?
integration) | ¢ Have we considered human factors?
e Have we assessed the maintainability of the final system?
o Can we re-uselintegrate existing components or capabilities?
Test ¢ How will we know when a test is successful?
¢ Are all mission-critical functions thoroughly tested?
e What areas will we not test and why?
e Have we scheduled a full end-to-end test, integrating all interfaced
systems?
System e Do we have clear criteria for system completion?
Acceptance e Have all users agreed with our completion criteria?
e Wil our customers be satisfied with the system?
o Will we have adequate system documentation for all users and

maintainers?

Operation and | ¢ Have we assessed the full life-cycle costs of the system, including

Maintenance training, operation, and maintenance?

e Have we identified who will maintain the system?

¢ Do we have the system maintainer on-board?

¢ Do we have a schedule for upgrades and/or enhancements to this
system?

e What growth in demand have we planned for?

3.3.2 Configuration Management

Freeway management programs (and their associated freeway management systems) are
ongoing endeavors. More often than not, the program and systems are implemented in small
increments, with functions and areas of coverage being added over time. The institutional
landscape — which influences policy and funding decisions — is also subject to change during
the life — cycle. Changes in program and system requirements are therefore inevitable. A goal of
a freeway management practitioner should not be to avoid making changes, but to keep the
requirements change process under control through a process known as “Configuration
Management.” Configuration Management includes procedures and techniques that allow the
practitioner to consider and evaluate the impacts of proposed changes, and then to track and
document those changes that are made.

Configuration management is a part of the systems engineering process and a critical element
in the life of any system. It is particularly important in those systems that are software intensive.
But configuration management principles and procedures are also applicable in the broader
context of a freeway management program. The concept can and should be expanded to
include operations and management strategies — not just technical systems. In other words, the
term “configuration” in configuration management can refer to the entire set of items that make
up a freeway management program, including policies, system hardware and software,
documentation, operational procedures, freeway geometrics and associated infrastructure (e.g.,
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signing and lighting), incident management strategies, work zone procedures, and anything else
that makes up the description and embodiment of a the program.

The process is described in more detail in the document “Configuration Management (CM) for
Transportation Management Systems” (Reference 10), the contents of which are summarized
below and in Chapter 14. It is noted that the processes and procedures of CM have been
developing in the information technology community for many years. Accordingly, Reference 10
makes use of a standard developed and refined in the IT industry — the Electronic Industries
Alliance (EIA) Standard 649 National Consensus Standard for Configuration Management
(ANSI/EIA-649/-1998), referred to EIA 649. Reference 10 is oriented towards ITS — based
transportation management systems. But as is the case with other “systems” processes
described herein, by changing a few key terms (e.g., “system” into “program”, “TMS’ into
‘freeway operations”) and expanding the context, the CM process can be “converted” and used
for the overall freeway management and operations program.

There are two fundamental purposes of Configuration Management (CM) — to establish system

integrity, and to maintain system integrity. A system with integrity is one in which:

e All components are well defined and documented

¢ A working baseline is always available to implement and provide transportation
management services

¢ Integration with other regional systems can readily be accomplished

e A high degree of traceability exists, allowing one to easily identify how system functions are
provided.

In other words, a system with integrity is one that is available and functional.

CM provides a holistic approach for effectively controlling system change. It helps to verify that
changes to subsystems are considered in terms of the entire system, minimizing adverse
effects. Changes to the system are proposed, evaluated and implemented using a
standardized, systematic approach that ensures consistency. All proposed changes are
evaluated in terms of their anticipated impact on the entire system. CM also verifies that
changes are carried out as prescribed and that documentation of items and systems reflects
their true configuration. A complete CM Program includes provisions for the storing, tracking
and updating of all system information on a component, subsystem and system basis. This
provides TMS managers with an up-to-date baseline of their system.

The CM process may be (and ideally should be) applied throughout the system life cycle. This
allows TMS management to track requirements throughout the life cycle through acceptance
and operations and maintenance. As changes are inevitably made to the requirements and
design, they must be approved and documented, creating an accurate record of the status of
the system. The general CM process is described graphically in Figure 3-3. Additional
information regarding these CM activities is provided in Chapter 14.
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Figure 3-3: Configuration Management Process
(Reference 10)

3.3.3 FHWA Rule on Regional ITS Architectures

FHWA Rule 940 (4), which became effective in 2001, implements section 5206(e) of the
Transportation Equity Act for the 21st Century (TEA-21), and requires ITS projects to conform to
the National ITS Architecture and standards. The rule states that “conformance with the
National ITS Architecture is interpreted to mean the use of the National ITS Architecture to
develop a regional ITS architecture, and the subsequent adherence of all ITS projects to that
regional ITS architecture.” Per the rule, “ a regional ITS architecture shall be developed to guide
the development of ITS projects and programs and be consistent with ITS strategies and
projects contained in applicable transportation plans. The National ITS Architecture shall be
used as a resource in the development of the regional ITS architecture. The regional ITS
architecture shall be on a scale commensurate with the scope of ITS investment in the region.
Provision should be made to include participation from the following agencies, as appropriate, in
the development of the regional ITS architecture: Highway agencies; public safety agencies
(e.g., police, fire, emergency/medical); transit operators; Federal lands agencies; State motor
carrier agencies; and other operating agencies necessary to fully address regional ITS
integration.”

Freeway practitioners interact with many of the agencies noted above. Moreover, given that
freeway management systems will often be a major component of a regional ITS architecture?,
and that freeway management system projects funded in whole or in part with the highway trust
fund must conform to this rule, it is important that freeway practitioners be cognizant of the rule
and be involved in any process for developing a regional ITS architecture.

* Regional integration is discussed in Chapter 16.
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While not identifying a process, per se, Rule 940 identifies what the regional architecture shall

include as a minimum — specifically:

e A description of the region;

o |dentification of participating agencies and other stakeholders;

e An operational concept that identifies the roles and responsibilities of participating agencies
and stakeholders in the operation and implementation of the systems included in the
regional ITS architecture;

e Any agreements (existing or new) required for operations, including at a minimum those
affecting ITS project interoperability, utilization of ITS related standards, and the operation of
the projects identified in the regional ITS architecture;

e System functional requirements;

e Interface requirements and information exchanges with planned and existing systems and
subsystems (for example, subsystems and architecture flows as defined in the
National ITS Architecture);

o Identification of ITS standards supporting regional and national interoperability; and

e The sequence of projects required for implementation.

Additionally, the rule states that all ITS projects (funded with highway trust funds) shall be
based on a “systems engineering analysis”, and that this analysis shall include identification of
participating agencies, requirements definition, analysis of alternative system configurations and
technology options, procurement options, identification of applicable standards and testing
procedures, and procedures and resources necessary for operations and management of the
system.

The Regional ITS Architecture Guidance Document (5) describes a process for creating a
regional ITS architecture with supporting examples of each architecture product. This document
is a guide for transportation professionals who are involved in the development, use, or
maintenance of regional ITS architectures. The guidance is structured around the following
process:
o Step #1: Get Started

0 Identify Need

o Define Region

o Identify Stakeholders

o ldentify Champions

e Step #2: Gather Data

Inventory Systems

o0 Determine Needs and Services
o0 Develop Operational Concept

o Define Functional Requirements

o

o Step #3: Define Interfaces
o0 Identify Interconnects
o Define Information Flows

e Step #4: Implementation
o0 Define Project Sequencing
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o Develop List of Agency Agreements
o ldentify ITS Standards

e Step #5: Use the Architecture
e Step #6: Maintain the Architecture

Each of these steps and associated activities are discussed in Chapter 16 herein (Regional
Integration). As is the case with the other system — oriented processes, these steps parallel
many of the activities identified in the “funnel” diagram in Figure 3-1.

3.34 National ITS Architecture

As previously noted, FHWA Rule 940 (4) requires ITS projects to conform to the National ITS
Architecture and standards. The rule states that “conformance with the National ITS
Architecture is interpreted to mean the use of the National ITS Architecture to develop a
regional ITS architecture, and the subsequent adherence of all ITS projects to that regional ITS
architecture.” Since most, if not all, freeway management programs incorporate some of the
technologies and strategies associated with Intelligent Transportation Systems, a basic
knowledge and understanding of the terms and concepts of the National ITS Architecture is
important for freeway management practitioners. This section provides an overview of the
National ITS Architecture. Additional information on the National ITS Architecture as well as
information on available training can be found at the FHWA'’s ITS Joint Program Office website:
www.its.dot.gov and then clicking on ‘Architecture’ at the top of the page. A link to
http://iteris.com/itsarch/ is provided where the many documents describing the National ITS
Architecture (11) may be found.

3.3.4.1 Background

A system architecture is a framework that describes how system components interact and work
together to achieve the system’s goals. The architecture — or framework — describes the system
operation, what each component does and what information is exchanged among the
components. While it may be somewhat abstract, the architecture provides the tool for defining
interfaces between systems, subsystems, and system components, and identifying the
communications necessary to achieve integration of the systems and subsystems.

The National ITS Architecture provides a common structure for the design of intelligent
transportation systems. It is not a system design nor is it a design concept. It is the framework
around which multiple design approaches can be developed, each one specifically tailored to
meet the individual needs of the user, while maintaining the benefits of a common architecture
(e.g., compatibility and interoperability between systems, products, and services; without limiting
design options). The architecture defines the functions that must be performed to implement a
given service, the physical entities or subsystems where these functions reside (e.g., the
roadside or the vehicle), the interfaces/information flows between the physical subsystems, and
the communication requirements for the information flows (e.g., wireline or wireless). The
National ITS Architecture also provides a common vocabulary to facilitate internal and external
communications with colleagues and others involved in transportation planning. In addition, it
identifies and specifies the requirements for the standards needed to support national and
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regional interoperability, as well as product standards needed to support economy of scale
considerations in deployment.

3.3.4.2 Attributes

The National Architecture utilizes a layered framework consisting of three layers—
transportation, communications, and institutional. The transportation and communications layers
are “technical” layers in which the actual components reside. The institutional layer is a non-
technical layer that establishes the policies, funding incentives, working arrangements, and
jurisdictional structures that support the technical layers — in essence, where the
aforementioned planning for operations and associated collaborations take place.

Figure 3-4 provides a high-level view of the framework of the physical architecture.
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Figure 3-4: High Level Architecture Diagram
(Reference 11)

This “links-and-sausages” diagram includes both the transportation and communication layers
of the Architecture. The transportation layer includes 21 interconnected subsystems (depicted
as rectangles), distributed among four classes — Traveler, Center, Roadside, and Vehicle —
depicted as larger, colored encompassing rectangles.

e Center Subsystems deal with those functions normally assigned to public/private
administrative, management, or planning agencies. It is emphasized that the Center
Subsystems are functionally, not physically defined. They should not be viewed as “brick
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and mortar” facilities. Rather, they represent a cohesive set of functional definitions with
required interfaces to other Subsystems. The implementation of a physical Transportation
Management Center will often collocate the functions and capabilities from several of the
Center Subsystems.

e Roadside Subsystems include functions that require convenient access to a roadside
location for the deployment of sensors, signals, changeable message signs or other
interfaces with travelers and vehicles of all types.

e Vehicle Subsystems are installed in a vehicle. They include such functions as advanced
vehicle control and safety systems, and in-vehicle signage and information.

e Traveler Subsystems represent platforms for ITS functions of interest to travelers or
commercial vehicle operators in support of multimodal traveling.

e Communication Links support the exchange of information (referred to as either
information flows or architecture flows) between the subsystems. The National ITS
Architecture has identified four communication media types (shown as ovals) to support the
communications requirements between the 21 subsystems — wireline (fixed-to-fixed), wide
area wireless (fixed-to-mobile), dedicated short-range communications (fixed-to-mobile), and
vehicle-to-vehicle (mobile-to-mobile).

In addition to the physical architecture, the National ITS Architecture includes a Logical
Architecture that presents a functional view of the ITS User Services. This perspective is
divorced from likely implementations and physical interface requirements. It defines the
functions or process specifications that are required to perform ITS user services, and the data
flows that need to be exchanged between these functions. The logical architecture groups
processes and data flows to form particular transportation management functions (e.g., manage
traffic), which are represented graphically by data flow diagrams (DFDs), or bubble charts,
which decompose into several levels of detalil.

3.3.4.3 User Services

User Services identify what ITS should do from the user's perspective. A broad range of users
are considered, including the traveling public as well as many different types of system
operators. The concept of user services allows system or project definition to begin by
establishing the high level services that will be provided to address identified problems and
needs. The user services have been bundled into the following eight categories:

Travel and Traffic Management
Public Transportation Management
Electronic Payment
Commercial Vehicle Operations
Emergency Management
Advanced Vehicle Safety Systems
Information Management
Maintenance and Construction Management

New or updated user services have been and will continue to be added over time.
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3.3.4.4 Market Packages

Some of the user services are too broad in scope to be convenient in planning actual
deployments. Additionally, they often don’t translate easily into existing institutional
environments and don’t distinguish between major levels of functionality. In order to address
these concerns (in the context of providing a more meaningful evaluation), a finer grained set of
deployment-oriented ITS service building blocks — called Market Packages — were defined from
the original user services. Market packages, are tailored to fit — separately or in combination —
real world transportation problems and needs. They provide another method for entering into
the National ITS Architecture, and can be used as a starting point for defining functional
requirements and system specifications. Market packages are not intended to be tied to specific
technologies, but of course depend on the current technology and product market in order to
actually be implemented. As transportation needs evolve, technology advances, and new
devices are developed, market packages may change and new market packages may be
defined. Several of the market packages associated with freeway management and operations
are identified in subsequent chapters.

3.35 Standards

The International Standards Organization (ISO) defines standards as documented agreements
containing technical specifications or other precise criteria to be used consistently as rules,
guidelines, or definitions of characteristics, to ensure that materials, products, processes and
services are fit for their purpose. The National ITS Architecture identifies standard requirements
based on the interfaces between subsystems in the physical architecture, the associated
information flows and data flows that pass across those interfaces, and some indications of the
class of technology suitable for each interface. An actual standard would dictate a specific
interface (or interfaces), specific message sets and protocols, and specific technology for
implementation.

The USDOT ITS Standards website (http://www.standards.its.dot.gov) provides current status
on the ITS Standards Program. It also contains resource documents, fact sheets, testing,
deployment contacts, training and application area information as well as an interactive ITS
Standards Forum.

3.3.5.1NTCIP

Of particular interest to the freeway practitioner involved in ITS is the NTCIP (National
Transportation Communications for ITS Protocol) suite of standard communications protocols
and data definitions that have been designed to accommodate the diverse needs of various
subsystems and user services of the National ITS Architecture. NTCIP standards are intended
to handle these needs in the following two areas:

e The first type of communications is between a management system or center and multiple
control or monitoring devices managed by that system or center, such as a freeway
management system communicating with detectors and ramp meters on freeways, and a
traffic management system controlling CCTV cameras, dynamic message signs, advisory
radio transmitters, environmental sensors and traffic count stations on roadways. Since most
applications of this type involve a computer at a management center communicating with
various devices at the roadside or on agency vehicles, this type is referred to as center-to-
field (C2F) communications.
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e The second type of communication involves messages sent between two or more central
management systems, such as an emergency management system reporting an incident to
a freeway management system and a traveler information system, and a weather monitoring
system informing a freeway management system of ice forming on the roadway so that the
freeway management system is able to post appropriate warning messages on dynamic
message signs. This type of communication is referred to as center-to-center (C2C)
communications. Even if two or more of the various center subsystems are located within
the same “center” or building, they are still considered logically separate. C2C involves peer-
to-peer communications between any number of system computers in a many-to-many
network. This type of communication is similar to the Internet, in that any center can request
information from, or provide information to, any number of other centers. Additional
information regarding C2C standards is provided in Chapter 16.

NTCIP provides the mechanism whereby interchangeability and interoperability amongst the
various components of transportation systems can be achieved, where “interchangeability” is
defined as the capability to exchange devices of the same type (e.g., a signal controller from
different vendors) without changing the software; and “interoperability” is defined as the
capability to operate devices from different manufacturers, or different device types on the same
communications channel. Specific NTCIP standards are discussed in more detail in subsequent
chapters. Additional information regarding NTCIP may be found on the NTCIP website
(www.ntcip.orq), including the NTCIP Guide (12).

3.4 MAINTENANCE CONSIDERATIONS

The processes and the associated steps summarized above focus on planning, developing,
implementing, operating, and managing a transportation management system. This includes
freeway management strategies, which are addressed in more detail in subsequent chapters.
Another crucial element of a system’s life cycle is maintenance. Freeway Management Systems
(FMS) are complex, integrated amalgamations of hardware, technologies and processes for
data acquisition, command and control, computing and communication. Accordingly, FMS
maintenance can be a complex proposition as well, requiring sophisticated approaches and
advanced technology. Maintenance of the FMS is a necessity to ensure reliability and proper
operation, thereby protecting the investment and enabling the system to respond to changing
conditions. Failure to function as intended could negatively impact traffic safety, reduce system
capacity, and ultimately lead the traveling public to lose faith in their transportation system.
Failure of the system also has the potential to cause measurable economic loss and increase
congestion, fuel consumption, pollutants, and traffic accidents. In essence, loss of a device due
to a malfunction is an operations issue. Maintenance is part of management and operations.

There are several references that address maintenance of transportation management systems
and components, including the ITE publication “Traffic Control System Operations — Installation,
Management and Maintenance” (Reference 13) and “Guidelines For Transportation
Management Systems Maintenance Concepts and Plans” (Reference 14). Both documents
discuss maintenance management (e.g., organizational structure, personnel and staffing),
options for performing maintenance (e.g., in-house, contract), and guidelines for performing
maintenance on a variety of system components — the former document addressing field
devices, computers, and communications; the latter focusing more on Transportation
Management Centers.
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Maintenance considerations must be an integral part of any process to develop a freeway
management program and / or system, and must be part of all the steps and activities in that
process — for example, involving maintenance stakeholders, developing a maintenance concept,
including maintenance and replacement costs in the life cycle analyses of alternative
technologies / components, identifying maintenance functional requirements, including
resources to carry out maintenance functions in the resource allocation process, etc. In this
manner the freeway management program and any enabling systems will include the necessary
resources, environment, and procedures to maintain the infrastructure associated with the
program / system; transportation management center and its associated infrastructure.
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4. PERFORMANCE MONITORING AND EVALUATION

4.1 INTRODUCTION

Freeway management programs — consisting of operational strategies, low-cost roadway
improvements, and ITS-based systems — are implemented as a means to enhance safety,
preserve mobility, improve reliability, increase productivity, and meet the public’s expectations
for efficient and effective travel. Moreover, freeway management initiatives are planned,
designed, deployed, operated, and maintained with public funding. It is therefore important to
ensure that these funds are spent wisely, that the agency makes the best use of its available
resources, and that the full potential of past and current investments is realized. This, in turn,
requires that the performance of the freeway be continuously monitored and evaluated, and that
appropriate analytical tools and measures be used to identify and quantify problems, to evaluate
alternative solutions, and to assess the extent to which the implemented solutions achieve their
objectives.

Another consideration is that freeway management and operations — particularly ITS-based
improvements — are increasingly funded through the use of regular sources (i.e., not specific to
ITS or operations). The move to “mainstream” funding mechanisms necessitates the integration
of freeway management and operations into the established transportation planning process,
where freeway management strategies and systems can be evaluated both against, and in
combination with, conventional transportation components such as major road widening and
new facility construction. It is critical that the associated benefits and costs are known and
compared in an equitable manner (i.e., using the same set of performance measures and
criteria), thereby providing an economic justification for the implementation of freeway
management systems and operational strategies.

Increased customer expectation and public sector accountability have helped to focus attention
on performance measurement as one of the essential tools at the practitioner’s disposal. To be
held accountable, one needs a clear understanding of what they are trying to accomplish and
how to assess the results in such a way that they can continue to improve. Indeed, this is why
performance measurement in government has become such a hot topic. Osborne and Gaebler
(1992) summed it up well in their landmark work, Reinventing Government:

e If you don’'t measure results, you can’t tell success from failure.

e If you can’t see success, you can’'t reward it.

e If you can't see failure, you can't correct it.

Freeway practitioners work to achieve results. Performance measures are indicators of work
performed and results achieved (1).

4.1.1 Chapter Scope & Objectives

The use of performance measures in transportation planning and investment decision-making
processes of public agencies has increased significantly. This demand has lead to the need for
information and guidance on how to integrate the consideration of freeway performance into
these processes. Moreover, the day-to-day operation and management of the freeway requires
real — time knowledge how well the freeway is performing and the existence of any problems.
There is general agreement among transportation practitioners that freeway system

September 2003 4-1



Freeway Management & Operations Handbook
Performance Monitoring & Evaluation

performance monitoring, evaluation, and reporting should be performed and continuously
supported by operating agencies.

Performance measures are the primary focus of this chapter, including discussions of why they
are important, their relationship to the decision-making process, and important considerations
when selecting performance measures. Several examples of performance measures that may
be utilized for freeway management and operations are then provided. The section on
performance measurement concludes with discussions on information gathering, data archiving,
and reporting.

There are several attributes of a freeway management program — such as how well the
operations process is organized and administered, and how well it interacts with other agencies
and affected stakeholders — that are difficult to quantify in terms of a performance measure.
Several self-assessment tools have been developed by FHWA for this purpose, and are
discussed herein.

Evaluation of a freeway management and operations program (and other transportation
improvements) must occur throughout the life cycle of the facility, including identifying problems
and segments with less-than-desired performance, analyzing and prioritizing alternative
solutions for correcting these problems, estimating the associated benefits and costs, and
determining the actual improvement in performance and its cost effectiveness. An overview of
such methods and analytical tools (e.g., Highway Capacity Manual, simulation, before-and-after
studies, estimating costs and benefits) is also provided in this chapter.

4.1.2 Relation to Other Freeway Management Activities

Performance monitoring and evaluation is a continuous process that occurs throughout the life
cycle of the freeway facility. Moreover, as shown in the “funnel diagram” in the previous chapter
(Figure 3-1), determining performance measures” is one of the key activities when establishing,
enhancing, and managing a freeway operations program. Reiterating the description of the
performance measure “step” from Chapter 2:

“The performance measures provide the basis for evaluating the transportation system
operating conditions and identifying the location and severity of congestion and other
problems. The performance measures provide the mechanism for quantifying the operation
of the network, and should also be used to evaluate the effectiveness of implemented
freeway management strategies and to identify additional improvements. Another aspect of
performance measurement is sharing and providing managers and users with access to
real-time and archived system performance data.”

Performance measures and analytical tools need to be considered and/or utilized in other

freeway management activities, including:

e Stakeholders — Stakeholders are interest groups who benefit from, or are otherwise
impacted by, freeway management and operations (e.g., the various transportation
providers, transportation system users, and other persons or organizations with a strong
material interest in success or failure of freeway management). The stakeholders should be
involved in the processes to define performance measures and how they are used.
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e Needs — This is an initial assessment of how the freeway network should operate relative to
how it operates today. Needs are embodied in the vision, goals, and overall public policy.
They may be further defined in a variety of ways, including performance evaluations (e.g.,
comparing actual operational measures to performance criteria) and analytical assessments
of freeway performance (e.g., before and after studies).

o Implementation — Using the broad description of this step from Chapter 3, this activity
includes design — deciding “how” each need and the corresponding requirements will be
satisfied. Performance measures and analytical tools identified in this chapter may be useful
in evaluating alternatives and selecting the most cost — effective one (e.g., simulation,
estimate benefits or utilities for each alternative, estimate life-cycle costs of each alternative,
perform comparative analysis). A type of performance measures is also used during the
actual implementation of freeway improvements — criteria for the various component and
system tests.

e Evaluation involves the routine collection and analysis of appropriate data, comparing the
results with the previously — established performance measures, and evaluating the
performance of the strategies, policies, systems, and operator procedures that comprise the
program. This “feedback” element of the process allows practitioners to assess the
effectiveness of their efforts, to identify areas for improvement, to justify these improvements
(e.g., configuration management process), to demonstrate the benefits provided by the
program, and to support requests for additional resources.

The collection of data is an important element of a performance monitoring and evaluation
process. An ITS — based Freeway Management System (FMS) represents a potentially valuable
data source in this regard. Accordingly, in addition to the other functions of a surveillance
subsystem (discussed in Chapter 15), it should be developed and deployed to automatically
collect, store and analyze data associated with performance measures to the greatest extent
possible. FMS -generated data will not only benefit the transportation operations and planning
communities by allowing them to access more and better data. It will also enhance the appeal of
FMS deployment by significantly broadening its originally intended benefits.

4.2 PERFORMANCE MEASURES

42.1 Overview

Performance measurement may be defined as follows (from Reference 2):
“Performance measurement is a process of assessing progress toward achieving
predetermined goals, including information on the efficiency with which resources are
transformed into goods and services (outputs), the quality of those outputs (how well
they are delivered to clients and the extent to which clients are satisfied) and outcomes
(the results of the program activity compared to its intended purposes), and the
effectiveness of government operations on terms of their specific contributions to
program objectives”

Performance measures provide the basis for identifying the location and severity of problems
(such as congestion and high accident rates), and for evaluating the effectiveness of the
implemented freeway management strategies. This monitoring information can be used to track
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changes in system performance over time, identify systems or corridors with poor performance,
identify the degree to which the freeway facilities are meeting goals and objectives established
for those facilities, identify potential causes and associated remedies, identify specific areas of a
freeway management program or system that requires improvement / enhancements, and
provide information to decision-makers and the public. In essence, performance measures are
used to measure how the transportation system performs with respect to the overall vision and
adopted policies, both for the ongoing management and operations of the system, and the
evaluation of future options.

Agencies have instituted performance measures and the associated monitoring, evaluation, and
reporting processes for a variety of reasons — to provide better information about the
transportation system to the public and decision makers (in part due, no doubt, to a greater
expectation for accountability of all government agencies); to improve management access to
relevant performance data; and to generally improve agency efficiency and effectiveness,
particularly where demands on the transportation agency have increased while the available
resources have become more limited.

A rather succinct view of performance measures is provided by Wolf (Reference 3) in a paper
prepared for the 4™ Integrated Transportation Management System (ITMS) conference held in
2001. The author describes the California performance measurement effort, stressing that it
“was critical throughout the process to remind partners what performance measurement was
and still is:

A standard management function to help understand accomplishments

A planning tool to improve investment analysis

Customer-oriented as opposed to service provider-driven

A genuine system perspective, as modally blind as possible

A lengthy, evolving process

Very effective if there is a clear purpose and simple set of metrics based on readily
obtainable data;

And what performance measurement isn't:
e A panacea

An isolated exercise

A magical “Black Box”

Naive over-simplification

Usurpation of regional authority”

Finally, it should be emphasized that performance measures for transportation operations are
not a fleeting trend; but a permanent way of doing business that eventually will be used at all
levels of transportation agencies.

422 Performance Measures and Decision Making

Chapter 2 describes several “tiers” amongst which the authority for transportation decision-
making is dispersed. Performance measures are necessary at each of these tiers. However, as
Meyer (Reference 4) points out, “at each level, there could be measures desired by the
corresponding decision makers that are specific to that decision context. At the very highest
level, this could imply that decision makers might be interested in issues and performance
measures not directly linked to information surfacing from the other levels.”

September 2003 4-4



Freeway Management & Operations Handbook
Performance Monitoring & Evaluation

A Transportation Management Center (TMC) requires an accurate real - time monitoring of the
freeway’s performance, and how that performance compares to “normal” (using performance
measures over time to define “normal”). The TMC manager and operators monitor the
performance of the facility to assess existing conditions for short-term non-recurring events and
for longer term recurring congestion, determine and implement operational plans, and inform
freeway users of existing and predicted near-term conditions. The freeway manager also uses
the results of the performance monitoring to identify deficiencies in the physical freeway system,
and provides planners and designers with the necessary information and input to incorporate
into the planning and design of future improvements to the facility.

Similarly, an Integrated Transportation Management System (ITMS) also requires real-time
monitoring information, aggregated over the entire region, to address the performance of the
entire surface transportation network (with data obtained from multiple TMCs and other
sources). The real time information may be used to implement and monitor region-wide
response plans. The data may also be archived and evaluated later to either modify existing
response plans or create new ones.

The Agency tier requires performance measures for resource allocation and programming (i.e.,
making choices among alternatives) and for trade-off analyses — for example, setting
appropriate performance targets for a policy or system plan when the trade-offs involve different
objectives (safety and system preservation). The use of performance measures to help define
the implications of these choices and trade-offs can be one of the most powerful ways to use
performance measures to influence decisions.

Another common application of performance measures is in long-range planning at the Regional
/ Statewide tier. As noted in Chapter 2, State DOT’s and regional agencies (metropolitan
planning organizations - MPOs) maintain long-range planning activities to determine how to
build and manage the transportation system to meet the stated needs and goals of the relevant
customer group. In this context, performance measures must be sufficiently specific to permit
distinguishing the effect of investment in one modal system or program of activities versus
another. The objective is to give decision makers better information about the likely impact and
outcome of different mixes of investment (or budget) among different programs. In a broader
context, performance measures are needed at the statewide / regional level to help drive
policies, goals, and objectives. They may also be useful for identifying the need for increased
revenue and influencing the associated legislation (e.g., increased fuel tax).

Performance measures can also be used at the National tier to assist with policy making, goal
setting, developing and justifying legislation, and developing reports for Congress. Even at this
high level, measures can be identified that are consistent with broad policy and goals and that
specify the desired outcome in unambiguous, quantifiable terms. The actual measures selected
must sum up the net effect at the agency, ITMS, and TMC levels of many smaller, discrete
actions. The time frame of the effect of such actions may be relatively long — some measures
might not show marked change until a given policy has been implemented for several years.

Another important consideration is the need to improve the links between resource allocation
decisions, system conditions, and performance results. Pickrell and Neuman (Reference 5)
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identify the following factors as contributing to the desire to link performance data to decisions
about system investment:

e Accountability: Publicly funded agencies have come under increasing pressure to be
accountable to “customers.” Performance measurement provides a means of determining if
resources are being allocated to the priority needs, as identified through performance
monitoring and reported to external or higher-level entities.

o Efficiency: Setting performance targets that are aligned with an agency’s goals and mission
help staff, management, and decision-makers stay focused on the priorities, thereby
increasing efficiency. It improves internal management and the ability to direct resources
where needed, to track results, and to make adjustments with greater confidence that the
changes will have the desired effect.

o Effectiveness: Performance measurement may help an agency to better achieve objectives
that have been identified through the planning process, and to improve the correlation
between agency objectives and those of the system users or the general public. It reflects a
shift in agency thinking away from simply output (e.g., “tons of salt applied”) to outcome
(e.g., “reduction in ice-related fatalities”) and allows progress to be tracked explicitly.

e Communications: As an adjunct to accountability, a good performance measuring program
cannot help but improve communications with an agency’s customer base and constituency,
including other agencies and entities that are involved with the operation and management
of the surface transportation network.

e Clarity: Performance measurement can lend clarity of purpose to an agency’s actions and
expenditures, forcing clear thinking about the purposes of planning, programming actions,
and investments in the transportation system.

One of the key discussion points from Chapter 2 is that freeway practitioners must become
more involved and “provide substantive input to the Statewide and/or regional transportation
planning process on necessary investments to improve system performance”. Developing
performance measures and collecting the associated data represent a potential approach for
increasing one’s involvement in the transportation planning and resource allocation process.

Performance measures should be viewed as a tool to improve, guide, and enhance the
decision-making process; not as the means to replace or “automate” it. As noted in Reference
5, “much has been said about the undesirability of creating a “black box” approach to planning
or decision making. Practitioners have commented that in some cases, decision makers tend to
overapply performance data and absolve themselves of the responsibility to apply professional
judgment or take responsibility for decisions. The emphasis should be on improving the
transparency of the planning and programming processes rather than further cloaking them in
guantitative language understandable to only a few. It should encourage participants to be clear
about their objectives and more explicit about how they will work to achieve those objectives.”

423 Developing Performance Measures

The development of performance measurement systems is a dynamic and incremental process.
There is neither one right set of performance measures nor one right process to develop a
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performance measurement system. References 1, 2, 3, 5, 6, 7 and 8 provide guidelines for
developing performance measures and the attributes of good performance measures as
summarized below:

¢ Goals and objectives — Performance measures should be identified to reflect goals and
objectives, rather than the other way around. This approach helps to ensure that an agency
is measuring the right parameters and that “measured success” will in fact correspond with
actual success in terms of goals and objectives. Measures that are unfocused and have
little impact on performance are less effective tools in managing the agency. Moreover, just
as there can be conflicting goals, reasonable performance measures can also be divergent
(i.e., actions that move a particular measure toward one objective may move a second
measure away from another objective). Such conflicts may be unavoidable, but they should
be explicitly recognized, and techniques for balancing these interests should be available.

e Data needs — Performance measures should not be solely defined by what data are readily
available. Difficult-to-measure items, such as quality of life, are important to the community.
Data needs and the methods for analyzing the data should be determined by what it will
take to create or “populate” the desired measures. At the same time, some sort of “reality
check” is necessary — for example: are the costs to collect, validate, and update the
underlying data within reason, particularly when weighed against the value of the results;
can easier, less costly measures satisfy the purpose — perhaps not as elegantly, but in a
way that does the job. Ideally, agencies will define and, over time, implement the necessary
programs and infrastructure (e.g., detection and surveillance subsystems) for data collection
and analysis that will support a more robust and descriptive set of performance measures.

o Decision-making process — Performance measures must be integrated into the decision-
making process; otherwise, performance measurement will be simply an add-on activity that
does not affect the agency’s operation. Performance measures should be based on the
information needs of decision makers, with the level of detail and the reporting cycle of the
performance measures matching the needs of the decision makers. As previously noted,
different decision making tiers will likely have different requirements for performance
measures. One successful design is a set of nested performance measures such that the
structure is tiered from broader to more detailed measures for use at different decision-
making levels.

o Facilitate Improvement — The ultimate purpose of performance measures must clearly be
to improve the products and services of an agency. If not, they will be seen as mere “report
cards”, and games may be played simply to get a good grade. Performance measures must
therefore provide the ability to diagnose problems and to assess outcomes that reveal actual
operational results (as compared to outputs that measure level of effort, which may not be
the best indicator of results).

e Stakeholder Involvement — Performance should be reported in stakeholder terms; and the
objectives against which performance is measured should reflect the interests and desires
of a diverse population, including customers, decision makers, and agency employees. Buy-
in from the various stakeholders is critical for initial acceptance and continued success of
the performance measures. If these groups do not consider the measures appropriate, it will
be impossible to use the results of the analysis process to report performance and negotiate
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the changes needed to improve it. Those who are expected to use the process to shape and
make decisions should be allowed to influence the design of the program from the
beginning. Similarly, those who will be held accountable for results (who are not always the
same as the decision makers) and /or will be responsible for collecting the data should be
involved early on to ensure that they will support rather than circumvent the process or its
intended outcome. The selected performance measures should also reflect the point of view
of the customer or system user. An agency must think about who its customers are, what
the customers actually see of the department’s activities and results, and how to define
measures that describe that view.

e Other Attributes — Good performance measures possess several attributes that cut across
all of the “process” issues noted above. These include:

0 Limited number of measures — All other things being equal, fewer rather than more
measures is better, particularly when initiating a program. Data collection and analytical
requirements can quickly overwhelm an agency’s resources. Similarly, too much
information, too many kinds of information, or information presented at too fine a level of
disaggregation can overwhelm decision makers. The corollary is to avoid a performance
measure that reflects an impact already measured by other measures. Performance
measures can be likened to the gauges of a dashboard — several gauges are essential,
but a vehicle with too many gauges is distracting to drive.

0 Easyto measure — The data required for performance measures should be easy to
collect and analyze, preferably directly and automatically from a freeway management
(or other) system.

o0 Simple and understandable — Within the constraints of required precision, accuracy,
and facilitating improvement, performance measures should prove simple in application
with consistent definitions and interpretations. Any presentation of performance
measures data must be carefully designed such that it is easy for the audience to
understand the information, and that the data analysis provides the information
necessary to improve decision making.

o Time frame — The decision-making “tiers” can have significantly different time frames,
both for the making of the decision and for the effect of that decision to take place. Using
performance measures to monitor the effectiveness of a policy plan requires measures
that can reflect long-term changes in system usage or condition. Similarly, performance
measures for the operation of a TMC should reflect changes within a “real — time”
context. Once established, performance measures should be in place long enough to
provide consistent guidance in terms of improvements and monitoring to determine
whether the objectives are being met.

0 Sensitivity — Performance measurement must be designed in such a way that change is
measured at the same order-of-magnitude as will likely result from the implemented
actions.

o0 Geographically appropriate — The geographic area covered by a measure varies
depending on the decision-making context in which it is used. The scope of measures
used to evaluate progress on broad policies and long-range planning goals and
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objectives often are region-wide, statewide, and even nation-wide. To be effective in an
operations context, measures may need to be focused on a specific geographic area
(e.g., corridor, system).

4.2.4 Examples of Performance Measures

This section identifies several potential performance measures from a number of different
references. It is not the intent of this section to suggest that the practitioner should utilize all of
these performance measures (several of which are repeated between different references).
Quite the opposite. The number of performance measures should be kept to a manageable
minimum number, provided that they conform to the attributes discussed in the previous section,
and answer the following key questions regarding the freeway network:

How many people/vehicles are using the system?

Where and when are they being delayed and / or subject to unsafe conditions?

How frequently do those delays / unsafe conditions occur?

How bad are the delays / unsafe conditions?

What are the reasons for these delays / unsafe conditions?

Can | measure the effect of operational improvements on the delays / unsafe conditions?

4.2.4.1 Overview

Performance measures are often described as input, output, or outcome measures. Input
measures look at the resources dedicated to a program; output measures look at the products
produced; and outcome measures look at the impact of the products on the goals of the agency.
For example, with respect to increasing roadway capacity, an input measure might be materials
consumed; output measures could include lane — miles added; while an outcome measure
might include the reduction in hours of user delay, resulting from the increased capacity.
Outcome measures are preferred because they directly relate the agency’s strategic goals to
the results of the activities undertaken to achieve them. Outcome measures are also generally
more difficult to define and measure. In deciding which measures to use, the agency needs to
consider whether data can be collected to allow a measure to be calculated accurately and with
sufficient frequency for it to be a useful tool in guiding decisions (7).

4.2.4.2 Background

A paper by Meyer (Reference 4) developed for the October 2000 Conference on Performance
Measures and Performance Based Planning and Programming, provides the following short
history of the use of performance measures.

“The primary developmental period for the systematic approach toward transportation planning
that characterizes much of current practice occurred in the 1960s and 1970s. Transportation
planning then was concerned with many issues, but primarily the focus was on system
expansion to meet the growing demands for automobile travel and the corresponding
characteristics of high speed and safe use of the road systems. Average vehicular speed,
estimated usage of the system or network links (such as volume to capacity), number of
crashes, and costs became the most used criteria for evaluating alternative transportation
system plans. Because these were the criteria used for plan evaluation, they also tended to be
the measures used in monitoring the “effectiveness” of transportation system performance.
As the nation’s urban road system expanded in response to unprecedented population and
employment growth, congestion on this system and the concomitant effects on the environment
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and on people’s daily lives became important issues to system users, decision makers, and

analysts. Congestion, the effects of congestion, and measuring congestion levels were thus

some of the major system performance issues that drew the interest of transportation

professionals in the 1980s and 1990s. However, much of this professional interest focused on

measures that had been developed in the mid-1950s by engineers and planners who were

interested in the impacts of congestion on vehicle flow. Suggested measures of congestion

during this earlier period focused on three major factors:

e Operational characteristics of traffic flow, which included speed, delays, and overall travel
times;

¢ Volume-to-capacity characteristics, which required a comparison of actual volumes with
road capacity; and

e Freedom of movement characteristics, which required a determination of the percentage of
vehicles restricted from free movement and the durations of such restrictions.”

Meyers concludes this brief review of the background on performance measurement with the
observation that “many of the measures proposed today to monitor system performance are
similar to those proposed 50 years ago at the beginning of comprehensive transportation
planning in the United States. In many ways, these measures carry a value judgment about
what the system user, or perhaps society in general, perceives as acceptable or desirable
performance. The measures have become entrenched as current and accepted practice for the
monitoring of system performance, even though they were originally used for alternatives
evaluation or design standards. For the road users, however, there may be different measures
that reflect actual trip patterns and trip characteristics. If transportation is one of the empowering
factors that allows economic development, affects environmental quality, and influences
perceptions of quality of life, then decision makers will presumably want to know how system
performance over time relates to these purposes.”

4.2.4.3 Examples — Performance Based Planning

Table 4-1 illustrates the types of performance measures that have been proposed as part of the
performance-based transportation planning®. These measures are linked to the types of goals
that are often part of the transportation planning process; although not that all of these
measures will necessarily be part of the process. As previously discussed, the more measures
there are, the more likely it is that their use for decision making will be confusing and ineffective.
Rather, Table 4-1 is simply an illustration of the different types of measures that could be
considered for each goal.

® Table 4-1 is from Reference 4, edited to reflect those measures most applicable to freeway operations.
Reference 4 itself is a summary of performance measures developed by Cambridge Systematics.
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Table 4-1: Performance Measures

(Source — Reference 4)

Accessibility

Average travel time from origin to
destination

Average trip length

Percentage of employment sites within x
miles of major highway

Number of bridges with vertical clearance
less than x feet

Mobility

Origin-destination travel times

Average speed or travel time

Vehicle miles traveled (VMT) by congestion
level

Lost time or delay due to congestion

Level of service or volume-to-capacity ratios
Vehicle hours traveled or VMT per capita
Person miles traveled (PMT) per VMT
Customer perceptions on travel times
Delay per ton-mile

PMT per capita or worker

Person hours traveled

Passenger trips per household

Economic Development

Economic cost of crashes

Economic cost of lost time

Percentage of wholesale, retail, and
commercial centers served with unrestricted
(vehicle) weight roads

Quality of Life

Lost time due to congestion

Accidents per VMT or PMT

Tons of pollution generated

Customer perception of safety and urban
quality

Average number of hours spent traveling
Percentage of population exposed to noise
above certain threshold

Environmental and Resource Consumption

Tons of pollution

Number of days in air quality noncompliance
Fuel consumption per VMT or PMT

Number of accidents involving hazardous
waste

Safety

Number of accidents per VMT, yeatr, trip, ton
mile, and capita

Number of high accident locations
Response time to accidents

Accident risk index

Customer perception of safety

Percentage of roadway pavement rated
good or better

Construction-related fatalities

Operating Efficiency (System and
Organizational)

Cost for transportation system services
Cost-benefit measures

Average cost per lane-mile constructed
Origin-destination travel times

Average speed

Percentage of projects rated good to
excellent

Volume-to-capacity ratios

Cost per ton-mile

Customer satisfaction

System Preservation

Percentage of VMT on roads with deficient
ride quality

Percentage of roads and bridges below
standard condition

Remaining service life

Maintenance costs

Roughness index for pavement
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4.2.4.4 Examples — Mobility Measures

Providing individual mobility and accessibility to urban activities is an important goal for

transportation planning, and therefore a critical precursor to the types of societal outcomes

desired. Several efforts have been made to develop system level mobility indices. The Texas

Transportation Institute (as reported in Reference 4) has developed several mobility measures

that could be applied at the metropolitan level. Travel time plays a leading role in almost all of

these measures, including the following:

e Travel Rate (minutes per mile) = travel time (in minutes) / segment length (miles)

o Delay Rate (minutes per mile) = actual travel rate — acceptable travel rate

¢ Reliability Factor = percentage of time that a person’s travel time is no more than 10%
higher than average

o Total Delay (vehicle — minutes) = [actual travel time (min.) — acceptable travel time (min.)] x
vehicle volume.

The “acceptable travel time” is the total time it would take to travel a segment during expected

conditions. This travel time is generally calculated assuming travel at the posted speed limit,

although it may also be calculated using a congestion threshold speed established from local

performance goals for mobility.

4.2.4.5 Examples — FHWA Mobility Monitoring Program

The Mobility Monitoring Program, a performance monitoring application sponsored by the
Federal Highway Administration, attempts to quantify two key performance attributes of the
transportation system — mobility and reliability. In non-technical terms, the mobility measures
attempt to answer the question “how easy is it to move around?” and the reliability measures
attempt to answer the question “how much does that ‘ease of movement’ vary?” For both
mobility and reliability concepts, the monitoring approach is built upon travel-time based
measures. Travel time concepts are well understood and used daily by non-technical audiences
(e.g., commuters, travelers, passengers) and private sector transportation businesses
(References 9 & 10)

The Program reports several measures each for mobility and reliability. Each of the measures
attempts to quantify slightly different components of mobility and reliability. The primary mobility
measures included in the program reports (9,10) are:

e Travel time index — a ratio of travel conditions in the peak period to a target or acceptable
travel condition (typically free-flow conditions are used). The travel time index indicates how
much longer a trip will take during a peak time. For example, a travel time index of 1.3
indicates that the trip will take 30 percent longer (1.3 times longer).

o Percent of congested travel — this is primarily a system measure that quantifies the extent
of congestion. A free-flow speed is used as a congestion “benchmark” and any travel on a
road section for a time period that is less than the free-flow speed is determined to be
congested. The congested travel is summed and then divided by total travel estimates.

e Delay per person — expressed in person-hours per year, this measure is used to reduce the
total travel delay value to a figure that is more relatable to user experience. It also
normalizes the impact of mobility projects that handle much higher demand than other
alternatives.
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These mobility performance measures reflect the average level of congestion and mobility.
However, a number of empirical studies have demonstrated that travelers value not only the
time it usually takes to complete a trip but also the reliability in travel times. For example, many
commuters will plan their departure times based on an assumed travel time that is greater than
the average to account for a lack of reliability.

During the first year of the Program, three reliability performance measures were tracked:

o Buffer index — this measure expresses the amount of extra “buffer” time needed to be on-
time 95 percent of the time (late one day per month). Travelers could multiply their average
trip time by the buffer index, then add that buffer time to their trip to ensure they will be on-
time 95 percent of all trips. An advantage of expressing the reliability (or lack thereof) in this
way is that a percent value is distance and time neutral.

e Percent variation — also known as the coefficient of variation, this is the amount of
variability in relation to average travel conditions. It is calculated as the standard deviation
divided by the mean. A traveler could multiply their average travel time by the percent
variation, then add that product to their average trip time to get the time needed to be on-
time about 85 percent of the time (one standard deviation above the mean). Higher values
indicate less reliability.

e Misery index — this measure attempts to quantify the intensity of delay for only the worst
trips. The average travel rate is subtracted from the upper 20 percent of travel rates to get
the amount of time beyond the average for some amount of the slowest trips.

Of the three, the buffer index rose above others as the preferred measure, and it seemed to
resonate with most audiences. There is no single agreed-upon reliability measure, and no
customer/user market research has been performed. Even for these measures, it is not certain
what level of reliability or variability (e.g., 85 percent, 90 percent, 95 percent, a combination)
should be examined.

Data from transportation operations centers in 10 cities were used to develop and test the
procedures and the performance measures. Individual city reports are available on the study
website: http://mobility.tamu.edu/mmp.

4.2.4.6 Examples — NCHRP Synthesis 311

This Synthesis (Reference 2) examined the use of performance measures for the monitoring

and operational management of highway segments and systems. More than 70 performance

measures were identified. These were evaluated against the following criteria (adapted from

many of the same references identified in Section 4.2.3 herein, and paralleling the attributes

discussed in Section 4.2.3):

e Clarity and simplicity (e.g., simple to present and interpret, unambiguous, quantifiable units,
professional credibility)

o Descriptive and predictive ability (e.g., describes existing conditions, can be used to identify
problems and to predict changes)

e Analysis capability (e.g., can be calculated easily and with existing field data, techniques
available for estimating the measure, achieves consistent results)

e Accuracy and precision (e.g., sensitive to significant changes in assumptions, precision is
consistent with planning applications and with an operation analysis)
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o Flexibility (e.g., applies to multiple modes, meaningful at varying scales and settings)

Table 4-2 lists those measures that received the highest scores (at least 75 % of the possible
maximum points) and were consistently reported in the synthesis of practice. These measures
were also recommended based on “their ability to serve as a foundation for other commonly

reported measures, such as congestion index”.

Table 4-2: Recommended Performance Measures from NCHRP #311

(Reference 2)

Outcomes (Operational) Performance

Measures

e Quantity of travel (users’ perspectives)

(0]

Oo0o0OO0Oo

Person-miles traveled
Truck-miles traveled
VMT

Persons moved
Trucks moved
Vehicles moved

e Quality of travel (users’ perspectives)

(0]

(0]

(0]

(0]

(0]

(0]

Average speed weighted by person-
miles traveled

Average door-to-door travel time
Travel time predictability

Travel time reliability (% of trips that
arrive in acceptable time)

Average delay (total, recurring, &
incident — based)

Level of Service (LOS)

e Utilization of the system (agency’s
perspective)

(0]

(0]

Percent of system heavily
congested (LOS E or F)

Density (passenger cars per hour
per lane)

Percentage of travel heavily
congested

V/C ratio

Queuing (frequency and length)
Percent of miles operating in
desired speed range

Vehicle occupancy (persons per
vehicle)

Duration of congestion (lane-mile-
hours at LOS E or F)

o Safety
o Incident rate by severity (e.g., fatal,
injury) and type (e.g., crash,
weather)

e Incidents
0 Incident induced delay
o Evacuation clearance time

Outputs (agency performance)

e Incident response time by type of incident
Toll revenue

Bridge condition

Pavement condition

Percent of ITS equipment operational
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4.2.4.7 System and Maintenance Measures of Performance

In addition to measuring the performance of the transportation network (including freeways),
managers of freeway management systems will likely need additional performance measures as
related to the performance of the FMS itself and its components. As discussed in Reference 11
(“Guidelines for transportation Management Systems Maintenance Concepts and Plans”) the
following parameters are useful data when evaluating products, “however, the reader of product
specifications should be warned about hyperbole™:
¢ Mean time between failures (MTBF) — defined in Reference 14 as the average time between
hours of exposure for all like products divided by the number of failures.
¢ Mean time to repair — number of hours to make good the failed item
Average cost to repair
o Design life

Reference 11 emphasizes that “design life and MTBF is not the same thing for all ITS devices.
In some cases equipment can last decades if it is well maintained and necessary repairs are
made. A hard drive, that may have a MTBF of 50 years, a design life of 5 years and a warranty
for 2 years will cause an ITS system to crash and usually cannot be repaired. When
considering the spares and replacements of ITS devices the developer of the plan needs to
consider the most appropriate measure for that device on their facility.”

Measuring the performance of the system maintenance program provides information both on
organization and management issues in addition to the reliability of various FMS devices.
Having metrics of the system provides the system with continual feedback on how well the
system and its individual components are operating. The metrics associated with the structure
of the plan could include:

Down time of the entire system (e.g., aggregated over a specified period of time)

Number of times the system is down

Time to detect failure

Time to handle responsive maintenance

Time to handle emergency maintenance

Time to bring system back on-line

Negative calls from the public

Adverse press

425 Information Gathering

Obviously, a direct relationship exists between the performance measures selected and the
data needed in the performance measurement process. The data and information used in
decision-making must be of high quality. They must originate from reliable, consistent sources
and meet the needs of the decision makers. Moreover, the decision makers must have
confidence in the information, or it will not be used.

The most common data problems are acquiring the required information and in ascertaining the
quality of the data. The “garbage in, garbage out” concept applies to the data used in a
performance measurement system. If the data gathered are highly uncertain, then the
conclusions drawn by converting those data into performance measures also will be highly
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uncertain and will have reduced value in managing the agency. For this reason, great care
needs to be taken in data collection. Investments in accurate, high-quality data collection
systems are essential to successful performance measurement and, by extension, to achieving
the overall strategic goals of the agency. In reality, however, some things either cannot be
measured accurately or cannot be measured accurately at an acceptable cost. Transportation
agencies need to consider the uncertainty introduced by inaccurate data when taking action
based on their system of performance measures (7).

References 3 and 8 discuss the concept of a “Performance Monitoring Plan” as a mechanism
for collecting the data needed to quantify performance measures. Such a plan is essential for
coordinating and allocating resources and for controlling the quality of the information that is
used for evaluations. The monitoring plan specifies such things as:

The data to be collected

Frequency of data collection / schedule

Data collection locations

Data collection responsibilities

Data analysis techniques and responsibilities

Database management requirements

Performance analysis reporting

Once the desired data are in hand, the focus shifts to the analysis and reporting of results. In
this stage, the most challenging problem is often separating the impact of the activities of the
transportation agency from the impacts generated from beyond those activities. For example,
highway crashes are influenced by many factors besides highway design. If an agency uses the
total number of highway crashes as a performance measure, does an increase in crashes
indicate that the agency’s safety programs are ineffective? Before that conclusion is drawn, the
impact of changes in other causal factors (e.g., weather) clearly needs to be understood.

The necessity of separating the impacts of external factors has direct implications for data
collection. Even though statistical techniques might be available to allow the impacts of several
factors to be isolated, the techniques require large numbers of observations to be used reliably.
Thus, it is necessary to have a data collection system that increases the number of observations
by maintaining data with some degree of disaggregation in both time and space. (7).

As noted in the overview section at the beginning of this chapter, the detection and surveillance
subsystem of a Freeway Management System represents a potentially valuable data source for
performance monitoring. Typically, the FMS generates massive amounts of data about the state
of travel that are used by transportation authorities to effectively operate and manage their
transportation systems, including traveler information. As a general rule, this information is
collected and used in real time at a TMC to continually improve the operational performance of
the system. The increasing deployment of FMS and the amount and variety of FMS-generated
data throughout the nation offer great potential for longer-term transportation planning and
performance monitoring. The same information collected at the TMC may also be used — but no
longer in the context of real time applications — at the ITMS and agency tiers to identify
deficiencies, and then to design and establish short term operational improvements such as
incident response plans. These same data may also be applied at the state / regional tier, being
incorporated into the transportation planning process for analyzing and evaluating alternative
transportation improvements.

September 2003 4-16



Freeway Management & Operations Handbook
Performance Monitoring & Evaluation

In order to monitor the long — term performance of the transportation network, the real time
operations data collected by the FMS and /or ITMS must be systematically retained and reused
— a process known as “data archiving” or data warehousing.

4.2.5.1 Data Archiving

The primary reasons for archiving FMS - generated data are:

e Provide more and better information for managing and operating the system — The first
step in proactive management is knowing where problems are likely to occur before they
actually do, then preventing or mitigating the impacts of those problems. Archived
operations data can be used to predict when and where problems may occur again, as well
as helping to evaluate alternative strategies for preventing or mitigating the problem.

¢ Maximize cost-effectiveness of data collection infrastructure — Data archiving permits
transportation agencies to maximize their investments in data collection infrastructure by re-
using the same data for numerous transportation planning, design, operations and research
needs.

¢ Much less expensive than manual data collection — Data archiving is significantly less
expensive than having a planning or designh workgroup re-collect even a small percentage of
the data using manual methods or special studies.

o Established business practice in other industries — The retention and analysis of
operational data is an established practice in most competitive industries that use data to
manage their business activities. (12).

Given that archived FMS-generated data can provide a valuable longer-term resource for a
variety of stakeholders, the Archived Data User Service (ADUS) was incorporated into the
National ITS Architecture in September 1999 to help realize the potential usefulness of ITS
data. A U.S. Department of Transportation multi-agency, 5-year ITS Data Archiving Program
Plan was developed based upon the vision of “improving transportation decisions through the
archiving and sharing of ITS generated data.”

Attempting to use data to meet information needs for which the data were not originally intended
can be a challenging endeavor. In the context of ADUS, data issues are multi-faceted and
complex, including data quality, format, integrity, compatibility, and consistency. Moreover, with
ITS-generated data being so temporally extensive (e.g., collected every 30 seconds) but
spatially limited (e.qg., covering 30 miles of roads), ADUS data sometime need to be integrated
with data from traditional sources in order to be useful.

The “Guidelines for Developing ITS Data Archiving Systems” (Reference 13) provides a number

of basic principles that can be applied regardless of archive size or design, including:

o Determine the workgroup(s) or agency(ies) that should have primary responsibility for
operating and maintaining the data archive. This may seem like a simple matter; in many
cases, though, data archiving systems have not been further developed because no one
has taken responsibility for their operation and maintenance.
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e Discussion and dialogue in early stages among all stakeholders should assess the demand
for archived data as well as the strengths and weaknesses of which agency or workgroup in
a region maintains data archives. In some cases, there may be several agencies that each
operate their own data archive, but which are connected and integrated through a “virtual
data warehouse”. In other cases, it may be logical for a regional planning agency with strong
information management capabilities to warehouse data that can be shared among other
agencies in the region. In any case, sharing data between agencies will be necessary, and
will require some level of agreement on data definition and geographic units. (Refer to
Chapter 16 on Regional Integration).

e Start small but think long-term, and begin with modest prototypes focused on a single
source of data (e.g., freeway detector data).

o Develop the data archiving system in a way that permits ordinary users with typical desktop
computers to access and analyze the data. Effective data archiving systems make large
operations data archives available to ordinary computer users without requiring them to
have specialized database or programming skills. These systems use a “point-and-click”
interface, either through a Windows-based application or a web browser, to provide access
to the data archives.

e Provide access to and distribution of archived data through the Internet or portable storage
devices such as CDs or DVDs. Internet-based access and distribution of data are some of
the most common and effective means to share archived data. CDs or DVDs are used as an
alternative to Internet-based data archives, permitting the data archiving agency to maintain
greater control and security over the data.

e Save original data as collected from the field for some specified period of time, but make
summaries of this data available for most users. Many data archiving systems aggregate
data to a consistent time interval (5 minutes is most common) for loading into a data archive.
Because there will always be some users interested in the original data, a mechanism
should be developed to store this for a short period of time or to store it permanently off-line.

e Use quality control methods to flag or remove suspect or erroneous data from the data
archive. The rigor of the quality control ultimately depends upon how and for what purpose
the data will be used. Two different philosophies exist for what to do with data that has failed
quality control:

o] Simply identify or flag the data records that have failed quality control; or

o] Remove the data records that have failed quality control and replace with better
estimates.

These business rules (for how to deal with data failing quality control) will depend upon who

will be using the data and for what purpose. There is no single correct answer for quality

control.

e Provide adequate documentation on the data archive and the corresponding data collection
system. With data archiving systems, many data users will be from outside the operations
workgroup or agency that collected the data. Thus, they may have little knowledge about the
operations data that is collected, how it is collected, and how it is processed by operations
before it is archived. Adequate documentation for data archives primarily includes (but is not
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limited to) an “audit trail” of how the data have been processed since they were collected in
the field (e.g., information about the results of quality control, any summarization or
aggregation steps, and any estimates or changes that have been made to original, field-
collected data), and information on the data collection system (e.qg., the type, location, and
other identification for detectors, the detectors that were considered “online” for a particular
hour or day, and information about equipment calibration and maintenance).

4.2.5.2 Examples of Data Archiving

California PeMS Data Archiving

The Operations Division in Caltrans’ Headquarters office has worked with researchers at the

University of California at Berkeley in creating PeMS, a freeway Performance Measurement

System. PeMS gathers raw freeway detector data in real-time from several of Caltrans’ districts,

including Los Angeles, Orange County, and Sacramento. The detector data for these

participating districts are summarized and processed as follows:

e Aggregates 30-second flow and occupancy values into lane-by-lane, 5-minute values;

e Calculates the g-factor for each loop, and then the speed for each lane. (Most detectors in
California are single loop, and only report flow and occupancy. PeMS adaptively estimates
the g-factor for each loop and time interval.

e Aggregates lane-by-lane values of flow, occupancy, and speed across all lanes at each
detector station. PeMS has flow, occupancy, and speed for each 5- minute interval for each
detector station (one station typically serves the detectors in all the lanes at one location);

o Computes basic performance measures such as congestion delay, vehicle-miles traveled,
vehicle-hours-traveled, and travel times.

e The data archives are then made available through the Internet
(http://transacct.eecs.berkeley.edu) for anyone that has access privileges (i.e., the site is
password-protected).

PeMS has several applications and built-in data summary and reporting tools on the web site.
One of these involves trip travel time estimates and shortest routes. A user can bring up the
district freeway map on the Web browser, and select an origin and destination. PeMS displays
15 shortest routes, along with the estimates of the corresponding travel times. PeMS also
provides travel time predictions — for example, what will be the travel time 30 minutes from now.
The travel time prediction algorithm combines historical and real time data.

Another application, called “plots across space,” can assist in identifying bottleneck locations for
more detailed investigation. To use the application, the engineer selects a section of freeway, a
time, and a performance variable such as speed, flow, or delay. PeMS returns a plot of the
variable across space. Having quickly determined the existence of these bottlenecks, the
engineer can go on to determine their cause, such as the location of interchanges, the highway
geometry, large flows at ramps, etc, and propose potential solutions to alleviate the bottleneck.
Furthermore, any scheme implemented to relieve a bottleneck can be rigorously evaluated by a
thorough before-and-after comparison.

The impetus for this data archive was state legislation that required Caltrans to monitor the
performance of their transportation system. Because Caltrans has extensive detector coverage
on freeways in several districts, they chose to archive existing data rather than manually re-
collect system performance data. Caltrans’ PeMS data warehouse is unique because it is one of
the few statewide operations data archives in existence. Time and experience will reveal how
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useful a centralized statewide data archive is to local agencies and workgroups at the district
level.

Washington State DOT

WSDOT has been archiving freeway detector data since 1981 in some shape or form, although
early efforts were difficult because of the expense of data storage and the difficulty of data
transfer (pre-Internet). The agencies have made numerous improvements to their data archive
over the years and, for the most part, the data archives have been institutionalized within
WSDOT. Freeway detector data (i.e., vehicle volumes and lane occupancy by direction) are
collected every 20-seconds from field controllers as part of the Seattle area freeway
management system. The data are converted into estimates of vehicle speed and travel time,
and summarized to the 5-minute level in the data archive. Quality control is also performed
before the detector data is loaded into the archive, and the archive documents the number of
data records that have failed quality control.

The Washington State DOT and the Washington State Transportation Center (TRAC) at the
University of Washington have developed a CD-based data archive for the Seattle freeways,
which they use to distribute the archived operations data. Each data archive CD contains data
extraction and summary tools.

An analysis process developed by TRAC produces facility performance information based on
these data. This process also fuses the basic freeway surveillance data with independently
collected transit ridership and car occupancy data to estimate person throughput. The data are
used for a wide variety of purposes, including answering key policy questions and evaluating
operational improvements such as ramp metering or HOV lanes, freeway performance
monitoring, pavement design, and freight performance analysis.

A paper by Mark Hallenbeck, Director of TRAC (Reference 14), summarizes the experience and

lessons learned from this data archiving system as follows:

e “The good news is that ITS surveillance systems being built for traffic management
purposes provide much of the data needed to perform these types of analyses; therefore,
lots of “new” data are not necessary. Instead, the data already collected must be retained,
analyzed, and reported. “

e “Storing and analyzing the data are not free. However, a large number of potential users
exist for the information that the surveillance system generates. The key is to work with
potential users to fund the modest costs of storing, analyzing, and reporting the data already
collected. The agency must also determine who will operate the database.”

e “ltis important to recognize that not all surveillance data are “good.” Therefore, the
analytical procedures must be able to identify and handle “unreliable” data. Mechanisms
should also be in place to repair and calibrate unreliable sensors. (After all, unreliable data
also hinder the operational control decisions that are based on those data.)”

e “Because most traffic management systems have limited equipment maintenance budgets,
repair activities have to be prioritized. A key to consider when balancing cost versus data
availability is that obtaining useful performance information does not require all detectors to
be operating. (Does an agency really need to report volumes based on continuous data
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collection at 300 locations in the urban area, or will 12 to 20 sites spread strategically
around the region reveal the important facts?) The reality is that necessary data can be
obtained with a moderate amount of planning and cooperation.”

¢ “When this cooperation occurs, it becomes truly possible to manage the roadway system.
This is because an agency now has the data necessary to understand how the roads are
actually performing and how that performance changes as a result of various management
and operations activities.”

4.2.5.3 Field Measurements / Manual Data Collection

As previously discussed, Freeway Management Systems (FMS) offer the potential to automate
much of the data collection required for performance — based evaluations. That said, the reality
is (as of the date of this writing) that less than one-third of the freeways in the nation’s urban
areas are instrumented with surveillance subsystems, the data collected by many of these
systems does not include all the information required by outcome — based performance
measures, detectors don’t always function properly, and some information just cannot be
collected without some sort of manual activity.

The “Manual of Transportation Engineering Studies” (Reference 15) is an updated and
expanded version of the 4™ edition to the Manual of Traffic Engineering Studies. It is designed
to “aid transportation professionals and communities to study their transportation problems in a
structured manual, following procedures accepted by the profession.” The primary focus is on
“how to conduct "transportation engineering studies in the field”. Each chapter introduces a type
of study and describes the methods of data collection, the types of equipment used, the
personnel and level of training needed, the amount of data required, the procedures to follow,
and the techniques available to reduce and analyze the data. Applications of the collected data
or information are discussed only briefly. Individual chapters include volume studies, spot speed
studies, travel-time and delay studies, inventories, transportation planning data (e.g., origin —
destination), traffic accident studies, traffic control device studies, roadway lighting, and goods
movement studies. Additionally, there are appendices covering statistical analysis, written
reports, and presentations. Another valuable reference is the “Travel Time Data Collection
Handbook” (TTI, Report FHWA-PL-98-035, March 1998).

4.2.6 Reporting

As previously discussed, a good performance measuring program cannot help but improve
communications with an agency’s customer base and constituency, including decision makers
and other agencies and entities that are involved with the operation and management of the
surface transportation network. To achieve this improved communications, however, requires
that the performance measure data be translated into reports for dissemination to stakeholders.
Many of the criteria discussed for performance measures are directly applicable to performance
reporting, including reporting results in stakeholder terms, that the information necessary to
improve decision making is conveyed in these reports, and that the information is presented in a
manner that is easy for the audience to understand and interpret.

Visual depictions of the data can assist users in understanding trends, operational performance,
and the meaning of complex data interactions. As an example, the Washington State DOT and
the Washington State Transportation Center (at University of Washington) convert their archived
data (previously discussed in section 4.2.5.2) into a variety of presentation graphs — showing
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congestion problems, benefits from operational improvements, comparisons of alternatives, etc.
— as a means of discussing freeway operations and the associated policy issues with managers
and other decision makers. A few examples are shown and described below in terms of
possible policy and operational questions (from References 14 and 16).

What does the congestion picture really look like?

This basic “volume-by-time-of-day” graphic can be extended to illustrate when congestion
occurs and its effect on vehicle speed and throughput. Average speed is color coded to indicate
how conditions routinely change by time of day. Then, because conditions vary considerably
from day to day, reliability at this point in the roadway can be examined by defining “congestion”
(in this case, the occurrence of LOS F conditions) and reporting on the frequency with which
that congestion occurs. Graphically, it is possible to lay the “frequency of congestion” over the
same graphic that illustrates vehicle volumes and average speeds. This is shown in Figure 4-1
(read “Vehicle Volume Per Lane” on the left axis, and “Frequency of Congestion” on the right
axis.) This graphic shows that this specific location experiences LOS F conditions more than 80
percent of all weekdays (four times a week). It is also possible to see the slight decrease in
vehicle throughput, caused by congestion, which occurs in the heart of the morning peak period.

Estimated Volume, Speed, and Reliability Conditions (2000)
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Figure 4-1: Estimated Frequency of Congestion, Volumes and Speeds
(Reference 14)
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Another approach is to produce an average daily corridor profile to depict lane-occupancy
percentage at each location along a corridor for a specified direction of travel. As shown in
Figure 4-2, the resulting graph is a contour map, color — coded according to the estimated
congestion level.

Traffic Profile
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Figure 4-2: “Temperature” Diagram of Traffic flow Conditions
(Reference 18)

What delays are the public experiencing?

Using vehicle speed data that can be obtained from the freeway surveillance system, it is
possible to estimate vehicle travel times throughout the day. Again, by saving these data, it is
possible to describe not only today’s travel times (excellent for measuring the effects of an
incident), but also an entire year’s travel times. Graphics like Figure 4-3 allow the analysis and
reporting of travel conditions throughout the day.
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Figure 4-3: Travel Times (by time of day) for a Specific Route
(Reference 14)

The graphic illustrates the actual travel times experienced (by time of day) for a specific route of
interest (in this case the northbound trip using the southern half of the 1-405 corridor). The green
line represents the average travel time for a trip starting at a given time. The red line illustrates
the 90™ percentile trip. This is essentially the worst travel time a motorist could expect to
experience once every two weeks. (As previously discussed, the Mobility Monitoring Program
uses the “Buffer Index” as a measure of travel reliability. Changing the graphic to illustrate the
95" percentile trip time would represent the Buffer Index.)

Figure 4-3 also includes a measure of “congestion frequency.” In this case, “congestion” is
defined as the average speed for a trip of less than 35 mph. The blue histogram describes the
frequency with which a motorist can expect to experience a trip that averages less than 35 mph
for the entire trip duration.

Statistics such as the ones presented in the Figure 4-3, when tracked over time, allow freeway
operations personnel to measure and present the broad, overall effects of the traffic control

strategies they implement. These statistics also lead to more informed discussion of the travel
conditions that exist (e.g., How bad is off-peak congestion? Is off-peak operation of the service
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patrol program necessary?), which in turn leads to more informed debate about the need for
and relative merits of alternative operations strategies.

What improvements have ramp metering produced?

Any time significant operational changes are implemented within the surveillance area, the
resulting changes in vehicle throughput and performance can be measured. WSDOT has
operated ramp meters in the afternoon on SR 520 in Seattle for a number of years. Until
recently, the ramp meters were not used in the morning. When morning metering was
implemented, significant improvements in freeway performance occurred. Those

improvements, illustrated in Figure 4-4, included an increase of over 170 vehicles per lane per
hour and a decrease in the occurrence of LOS F conditions of one day per week. Ramp meters
may not have “solved” the congestion problem; but they did make a considerable improvement.
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Figure 4-4: The Effect of Ramp Meters on Vehicle Volume (per lane) Throughput and
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(Reference 14)
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4.2.7 Emerging Trends and Needs

The use of performance measures — particularly those that measure “outcome” — for operating
and managing the transportation network, and for longer-range planning and decision making, is
itself an emerging trend. The same holds true for data archiving. A recent problem statement
developed by the TRB Committee on Freeway Operations, entitled “Freeway Performance
Monitoring, Evaluation, and Reporting”, states: “a consensus does not exist and technical
guidance has not been developed regarding the appropriate measures, methods, data
requirements, evaluation tools, procedures, level of effort, and resources required to properly
support the monitoring, evaluation, and reporting of freeway performance. Research and
technical guidance is needed to provide direction and ensure that transportation professionals
are effectively integrating the performance of freeways into the appropriate planning and
decision making processes of agencies.”

References 2, 3, 5, 6 and 10 address future issues and research needs, as summarized below:

o Gather examples, case studies, and tools to effectively communicate performance
measures to policy makers, legislatures, and the public. Information is needed on how
performance measurement is effectively communicated to decision makers to allow them to
make informed decisions.

o Clarify (standardize) terminology and differences between organizational or managerial
measures and system measures. Align the definition of goals across the industry to the
extent possible, then standardize the measures used. Create consistent standards, so that
performance measures can be reliably compared across agencies. Reporting standard
errors or confidence intervals should be included.

o Develop training for managers and policy makers to apply and use performance
measurement systems. Provide tools for managers and policy makers in applying and using
performance measures.

e Gather information on how to incorporate community or society goals (or “soft” measures)
into the performance measurement process. Create quality-of-life and sustainability
performance indicators.

e Operational performance measures that address evacuations from man-made or natural
disasters are needed, particularly for use during the operations of these events and tailoring
strategies to maximize / optimize performance based on these measures.

o The maximum benefits will not be realized until considerable integration is achieved.
Performance measurement can and should be the lingua franca for such integration, with
mutually acceptable and well-defined outcomes acting almost like common denominators.

e With respect to archived data, significantly enlarge roadway sensor coverage (i.e., freeways
and arterials) and experiment with data sources; transit operating data should be added to
get a more complete system picture; encourage the local use of the archived data; improve
the calibration and maintenance of data collection equipment; and add “event” databases
(e.g., incidents, weather and work zone locations, which have significant impacts on
roadway travel times).
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4.3 SELF ASSESSMENT

The goal of performance measures is to describe the past, present, and future operation of the
operation of the transportation network in quantifiable terms, be they direct outputs (e.qg., travel
times, tons of pollutant), costs, indices (e.g., accident risk and accessibility), or other surrogates
that reflect broad system performance outcomes. Nevertheless, there will always be certain
attributes of a freeway management program — such as how well the operations processes are
organized and administered, and how well it interacts with other agencies and affected
stakeholders — that may never be directly quantified in terms of a performance measure.
Several self-assessment tools have been developed by FHWA for this purpose. To date (spring,
2003), the following self — assessment process have been developed:
¢ Roadway Operations and System Management, by which state and local transportation
agencies can assess the effectiveness of their roadway operations and system maintenance
activities. (Some of the assessment criteria are summarized in the previous chapter in Table
2-1).

e Work Zone, to provide a clear indicator of how well transportation agencies are doing in
mitigating the impact of work zones on congestion and crashes. (Some of the assessment
criteria are summarized in chapter 8)

o Traffic Incident Management, to allow local stakeholders to assess how well they manage
traffic incidents and identify areas for improvement. (Some of the assessment criteria are
summarized in Chapter 10).

The self-assessment tools have been developed based upon what is known at the time of their
development. FHWA plans to update and improve them as they go through the self-assessment
process each year. The self-assessment tools are designed for internal use. They are intended
to help an agency evaluate its operational effectiveness, both in terms of its internal processes
and the degree to which it serves its customers. They will not necessarily provide a basis for
comparison with other agencies, but instead serve as a guidance document to highlight areas in
which improvements can be made. The self-assessment process should be repeated
periodically to gage the degree to which agency performance is changing.

Self-Assessment is intended as a group exercise and as such, should be conducted with as
many stakeholder representatives as possible, including representatives from other agencies as
appropriate. Ideally, those participating in the self-assessment should represent every aspect of
the particular subject or focus of the tool. Agency management should also be represented.
Management's participation is essential if the results are to lead to implementation of needed
changes. It is important that the participants reflect the organizational assignments of
responsibility.

4.4 ANALYSIS TECHNIQUES

Evaluation of a freeway management and operations program (and other transportation
improvements) must occur throughout the life cycle of the program and the associated facility.
This includes identifying segments with less-than-desired performance and other operational
deficiencies, analyzing alternative solutions for correcting these problems, estimating the
associated benefits and costs, and determining the actual improvement in performance and its
cost effectiveness. Performance measures and self-assessments are just part (albeit a
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significant one) of this ongoing evaluation process. Other analytical tools and evaluation
methods, as summarized in this section, may also be necessary and appropriate.

The FHWA document entitled “Decision Support Methodology for Selecting Traffic Analysis
Tools” (Reference 17) has the stated objective to “assist traffic engineers and traffic operations
professionals in the selection of the correct type of traffic analysis tool for operational
improvements”. These tools include sketch planning, travel demand models, analytical tools
based on the Highway Capacity Manual, and simulation. (Several of these tools are discussed
below). Reference 17 identifies the following criteria that a user should consider when selecting
a type of analysis tool:

o |dentification of the analysis context for the task at hand — planning, design, or
operations/construction.

e Analyzing the appropriate geographic scope or study area for the analysis, including isolated
intersection, single roadway, corridor, or a network.

e Capability of modeling various facility types, such as freeways, high-occupancy vehicle
(HOV) lanes, ramps, arterials, toll plaza, etc.

¢ Ability to analyze various travel modes, such as single-occupancy vehicles (SOV), HOV,
bus, train, truck, bicycle and pedestrian traffic.

e Ability to analyze various traffic management strategies and applications such as ramp
metering, signal coordination, incident management, etc.

o Capability of estimating traveler responses to traffic management strategies including route
diversion, departure time choice, mode shift, destination choice, and induced/ foregone
demand.

e  Ability to directly produce and output performance measures such as safety measures
(crashes, fatalities), efficiency (throughput, volumes, vehicle-miles of travel (VMT)), mobility
(travel time, speed, vehicle-hours of travel (VHT)), productivity (cost savings) and
environmental measures (emissions, fuel consumption, noise).

e Tool/cost effectiveness for the task at hand, mainly from a management or operational
perspective. Parameters influencing cost-effectiveness include tool capital cost, level of
effort required, ease of use, hardware requirements, data requirements, animation, etc.

The document also helps identify under what circumstances a particular type of tool should be
used, and contains guidance on how to use this information to select the appropriate type of
tool. It is emphasized that Reference 17 is intended to assist practitioners in selecting the
category of tool for use; it does not include an assessment of the capabilities of specific tools
within an analysis tool category.

44.1 Highway Capacity Manual

The Highway Capacity Manual (Reference 18) provides analytical techniques for quantifying
operational problems on freeways (e.g., capacity analysis and level of service for freeway
segments, weaving areas, ramps and ramp junctions, and interchange ramp terminals). The
HCM utilizes Level of service (LOS) as a quality measure to describe operational conditions
within a traffic stream, generally in terms of such service measures as speed and travel time,
freedom to maneuver, traffic interruptions, and comfort and convenience. The analytical
methods in the HCM attempt to establish or predict the maximum flow rate for various facilities
at each of the following levels of service:
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e LOS A describes free-flow operations. Free-flow speeds prevail. Vehicles are almost
completely unimpeded in their ability to maneuver within the traffic stream. The effects of
incidents or point breakdowns are easily absorbed at this level.

o LOS B represents reasonably free flow, and free-flow speeds are maintained. The ability to
maneuver within the traffic stream is only slightly restricted, and the general level of physical
and psychological comfort provided to drivers is still high. The effects of minor incidents and
point breakdowns are still easily absorbed.

e LOS C provides for flow with speeds at or near the free flow speed of the freeway. Freedom
to maneuver within the traffic stream is noticeably restricted, and lane changes require more
care and vigilance on the part of the driver. Minor incidents may still be absorbed, but the
local deterioration in service will be substantial. Queues may be expected to form behind
any significant blockage.

e LOS D is the level at which speeds begin to decline slightly with increasing flows and
density begins to increase somewhat more quickly. Freedom to maneuver within the traffic
stream is more noticeably limited, and the driver experiences reduced physical and
psychological comfort levels. Even minor incidents can be expected to create queuing,
because the traffic stream has little space to absorb disruptions.

e Atits highest density value, LOS E describes operation at capacity. Operations at this level
are volatile, because there are virtually no usable gaps in the traffic stream. Vehicles are
closely spaced, leaving little room to maneuver within the traffic stream. Any disruption of
the traffic stream, such as vehicles entering from a ramp or a vehicle changing lanes, can
establish a disruption wave that propagates throughout the upstream traffic flow. At
capacity, the traffic stream has no ability to dissipate even the most minor disruption, and
any incident can be expected to produce a serious breakdown with extensive queuing.
Maneuverability within the traffic stream is extremely limited, and the level of physical and
psychological comfort afforded the driver is poor.

e LOS F describes breakdowns in vehicular flow; and with such stop-and-go conditions, it is
difficult to predict a flow rate. These conditions generally exist within queues forming behind
breakdown points. Breakdowns occur when the ratio of existing demand to actual capacity
or of forecast demand to estimated capacity exceeds 1.00. The various reasons for these
breakdowns (as identified in the HCM) include traffic incidents, which can cause a temporary
reduction in the capacity of a short segment; and points of recurring congestion, such as
merge or weaving segments and lane drops.

The HCM provides methodologies for determining the performance and LOS for undersaturated
conditions based on a number of variables, including number of lanes, lane widths, pavement
conditions, users familiarity with the facility, clearance between the edge of the travel lanes and
the nearest obstructions (i.e. shoulder width), type of terrain / grade, percentage of heavy
vehicles in the traffic stream, base free-flow speed, interchange spacing, and peak-hour factor®.

® The analysis of LOS is based on peak rates of flow occurring within the peak hour. Most of the
procedures in this manual are based on peak 15-min flow rates. The relationship between the peak 15-
min flow rate and the full hourly volume is given by the peak-hour factor (PHF).
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HCM procedures are closed-form (i.e., they are not iterative). The practitioner inputs the data
and parameters and, after a sequence of analytical steps, the HCM procedures produce a
single answer. Moreover, HCM procedures are macroscopic (i.e., inputs and outputs deal with
average performance during a 15-minute or a one-hour analysis period), deterministic (i.e., any
given set of inputs will always yield the same answer), and static (i.e., they predict average
operating conditions over a fixed time period and do not deal with transitions in operations from
one state to another).

442 Simulation

Capacity and LOS analyses are useful tools for gauging the expected operating conditions
along freeway segments, and for determining the “order-of-magnitude” changes that will result
from major freeway improvements (e.g., widening, reconstructed interchanges, bottleneck
improvements). However, improvements provided by freeway management strategies and
systems are typically not reflected in such procedures. Moreover, information on performance
measures (e.g., vehicle delays, fuel consumption, emissions) is not provided by capacity
analysis techniques. It may therefore be worthwhile to utilize traffic simulation models, which
can examine the manner the freeway network performs under various sets of simulated
conditions.

As implied by the name, traffic simulation models examine the manner in which the roadway
network performs under various sets of “simulated” conditions. They provide an excellent means
of estimating changes in freeway performance metrics (e.g., average speeds, travel time,
delays, emissions) resulting from freeway management strategies and improvements.
Simulation models have been successfully used to evaluate the impacts of adding HOV lanes,
auxiliary lanes, and truck climbing lanes; freeway widening and reconstruction; modifications to
interchanges and weaving sections; ramp metering; incident management (e.g., the reduced
time to respond and clear a capacity-reducing incident); and traveler information (by inputting an
assumed level of diversion resulting from the information).

Traffic simulation models can be divided into the following two general classes:

e Macroscopic simulation models — Macroscopic simulation models are based on
deterministic relationships of flow, speed, and density of the traffic stream. The simulation in
a macroscopic model takes place on a section-by-section basis rather than tracking
individual vehicles. Macroscopic simulation models were originally developed to model traffic
in distinct transportation networks, such as freeways, corridors (including freeways and
parallel arterials), surface street grid networks, and rural highways. They consider platoons
of vehicles and simulate traffic flow in small time increments. Macroscopic simulation models
operate on the basis of aggregate speed/volume and demand/capacity relationships.
Validation of macroscopic simulation models involves replication of observed congestion
patterns. Macroscopic models have considerably less demanding computer requirements
than microscopic models. They do not, however, have the ability to analyze transportation
improvements in as much detail as microscopic models, and do not consider trip generation,
trip distribution, and mode choice in their evaluation of changes in transportation systems.
(19). Examples include TRANSYT-7Fand FREQ.
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e Microscopic simulation models — Microscopic simulation models simulate the movement
of individual vehicles, based on theories of car-following and lane-changing. Typically,
vehicles enter a transportation network using a statistical distribution of arrivals (a stochastic
process), and are tracked through the network on a second-by-second basis. Upon entry,
each vehicle is assigned a destination, a vehicle type, and a driver type. The traffic
operational characteristics of each vehicle are influenced by vertical grade, horizontal
curvature, and superelevation, based on relationships developed in prior research. The
primary means of calibrating and validating microscopic simulation models is through the
adjustment of driver sensitivity factors. Computer time and storage requirements for
microscopic models are large, usually limiting the network size and the number of simulation
runs that could be completed (19). Examples include CORSIM, INTEGRATION,
PARAMICS, VISSIM, and Synchro/SimTraffic.

Simulation tools are effective in evaluating the dynamic evolution of traffic congestion problems
on transportation systems. By dividing the analysis period into time slices, a simulation model
can evaluate the buildup, dissipation, and duration of traffic congestion. Simulation models, by
evaluating systems of facilities, can evaluate the interference that occurs when congestion
builds up at one location and impacts the capacity of another location.

The individual models vary in their capabilities, limitations, and ease of use (a discussion of
which is beyond the scope of this Handbook). Moreover, several models can also show results
in real time on a computer monitor by a 2-dimension or 3-dimensional illustration. Simulation
models are available from a variety of sources. Information about ordering several of the models
mentioned herein is available at
http://www.fhwa.dot.gov/environment/cmageat/descriptions_traffic_simulation_models.htm. A
number of firms specialize in the application of simulation models. Some have their own
proprietary simulation software that can be used to analyze special scenarios such as toll plaza
operation (e.g., varying combinations of cash and electronic toll lanes) and border crossings.

Reference 19 (Guidelines for Applying Traffic Microsimulation Modeling Software) identifies the
following tasks as being typically required to develop, calibrate, and apply a microsimulation
model to a typical traffic analysis project:

¢ Identification of project purpose, scope, and approach

e Data Collection - Microsimulation models require significant input data, including geometry
(lengths, lanes, curvature); controls, existing demands (volumes, OD table), calibration data
(capacities, travel times, queues), and future demands

e Coding — Each microsimulation model has a set of user-adjustable parameters that enable
the practitioner to calibrate the model to specific local conditions. In the absence of good
guidance on the appropriate procedures for determining these calibration parameters, it is
possible for different practitioners to arrive at different or incorrect conclusions.

e Error Checking — The coded transportation network and demand data are reviewed for
errors. This step is necessary to weed out coding errors before proceeding with calibration.

e Calibration — An initial calibration is performed to identify the values for the capacity
adjustment parameters that cause the model to best reproduce observed traffic capacities in
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the field. If the microsimulation network includes parallel streets, then route choice will be
important. In this case, a second calibration process is performed, but this time with the
route choice parameters. Finally, the overall model estimates of system performance (travel
times and queues) are compared to field measurements of travel times and queues. Fine-
tuning adjustments are made to enable the model to better match the field measurements.

o Alternatives Testing -- In order to avoid biasing the results, it is important to ensure that the
microsimulation model for each alternative contains ALL of the traffic congestion associated
with it. The model should start the analysis period with no congestion on the network, and it
should end the analysis period with no congestion present on the network. Insufficiently
long analysis periods and insufficient geographic coverage result in “missed” congestion that
is not properly tabulated by the microsimulation model. Microsimulation models typically
produce two types of output, including animation displays and numerical output in text files.
The animation display shows the movement of individual vehicles through the network over
the simulation period. Text files report accumulated statistics on the performance of the
network. Itis crucial that the analyst reviews both numerical and animation outputs, and not
just one or the other, in order to gain a complete picture of the results.

o Documentation and presentation of the results

A significant amount of effort generally is required to learn to use traffic simulation models,
including setting up the appropriate inputs and parameters. Simulation tools also require a
plethora of input data — the data requirements being generally proportional to the extent of the
network being modeled. The required data can include characteristics of each link (e.g., length,
number of lanes, auxiliary / HOV lanes, ramps, grade, speed limits, lane widths, pavement
condition), link traffic flow information (e.g., entering / exiting volumes, ramp volumes, travel
times, prevent heavy vehicles and buses, lane changing characteristics) and other types of
information such as detector locations, incident characteristics (e.g., effect of lane blockage on
capacity), and ramp metering operations. Additionally, considerable error checking of the data is
required, along with manipulation of a large amount of potential calibration parameters.
Simulation models cannot be applied to a specific facility without calibration of those parameters
to actual conditions in the field.

Simulation models generally require a non-trivial analysis effort. Moreover, any model-specific
limitations should be taken into consideration when interpreting the outputs of simulation.
Sensitivity analyses are important to developing an understanding of how reasonable the
simulation estimates are, and how much confidence the analyst should place in them.

In a FHWA survey of 40 state DOT and local agencies, the following were the top answers to
the question: “What are the major barriers to your use of traffic analysis tools?”

e Lack of trained staff

Lack of time

Intensive data gathering requirements

Cost of software

Lack of confidence in results

These potential issues not withstanding, simulation should be strongly considered as a key
element of any process to evaluate freeway performance, particularly during the alternatives
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analysis and design stages. As an example, a presentation to the TRB Freeway Operations
Committee in January 2002 (Reference 20) identified 111 recent simulation experiences
involving several models, including CORSIM, FREQ, INTEGRATION, PARAMICS, and VISSIM.
Applications of these models included analyses / evaluations of ramp metering, HOV lanes,
truck climbing lanes, auxiliary lanes, interchange modifications, design alternatives, widening,
growth impacts, weaving sections, reconstruction planning, ITS strategies, and overall
operations. In closing, the presentation identified the following keys to successful model
applications:

Well designed work plan

Strong internal support

Model and technical training

Good input and output data

Model and technical support

High — quality calibration

Design of investigations

Documented results

4.4.2.1 Future Trends

FHWA has been a leader in the area of traffic simulation model development, including the
development of the NETSIM and FRESIM models, and their integration into the CORSIM
model. Today, FHWA continues to develop, maintain, and support the CORSIM model (now
part of the Traffic Software Integrated System (TSIS) package’), including bug fixes, training
courses, and guidance documentation. When FHWA undertook this leadership role there were
no commercial traffic simulation packages in the market — a situation that no longer exists.
Accordingly, FHWA is now assuming more of a “market facilitator role”. FHWA will not be a
traffic simulation model developer, but will provide resources to stimulate the existing simulation
market. Deployment will be facilitated through a combination of outreach, training, guidance,
and technical support.

Development activities are focused on developing new tools and improving the analytical
foundation of existing tools. The NGSIM program (Next Generation SIMulation) is part of this
activity. The goal of the NGSIM Program is to ensure the needs of the model users are met
through improving the capability of commercial models. The products of the NGSIM program will
include:

e Validation data sets — the sets of real-world traffic data with its corresponding data
descriptions that may be used to validate the core algorithms.

e Core algorithms — the set of algorithms necessary to describe the fundamental behavioral
models associated with the driver-vehicle-highway systems (e.g., lane change logic, gap
acceptance logic, and response to traffic control devices)

o Documentation of the core algorithms and the validation data sets.

Another trend in simulation is the development of real time models that can estimate and predict
traffic conditions, thereby allowing freeway management systems to operate in more of a
proactive mode. As an example, FHWA is supporting the Center for Transportation Studies at
the University of Virginia in the development and evaluation of two prototype traffic estimation

" TSIS also includes a graphical input editor and an animation output processor.
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and prediction systems. One of these, DynaMIT, is a real-time simulation model that estimates
and predicts traffic conditions, generates traveler information, and provides route guidance. The
performance of DynaMIT is being evaluated using real world data from the Hampton Roads
Smart Traffic Center.

4.4.3 Before and After Studies

Whereas simulation models provide estimates of changes in performance measures (quite a
useful tool when evaluating alternatives prior to selecting the specific freeway improvement for
design and deployment); after the selected strategies have been implemented, the actual
changes in performance can be measured. The most common method of evaluating this actual
effectiveness is a Before-and-After study. With Before-and-After studies, the performance of the
freeway network is evaluated prior to implementation of the freeway management strategies
and / or system. The same performance measures are then taken again after the strategies /
system have been implemented. The effectiveness of the system is then determined by
comparing the performance of the freeway during the “before” and “after” conditions.

Potential limitations of a Before-and-After analysis include the following:

e The effects of individual improvements are difficult to distinguish when more than one
improvement is made at a time.

o It may take some time for drivers to adjust their travel behavior after the strategy / system
has been implemented. Therefore, depending upon when the “after” data are collected, the
true effect of the changes may not be measured.

e There is often a long time lag between the “before” condition and the “after” condition, which
causes this approach to be susceptible to errors caused by time- related factors (such as
changes in travel patterns, population growths, economic fluctuations, etc.).

¢ Some performance measures (like the number of crashes, or demand) can fluctuate
considerably over time. There is a tendency for these performance measures to return to
more typical values after an extraordinary value has been observed. This tendency is called
regression to the mean. It is possible that either the “before” condition or the “after” condition
could fall at one of these extreme values, thereby, hiding the true performance of the
system.

4.4.4 Alternatives Analysis

In very general terms, an alternatives analysis involves estimating the benefits and costs for
each alternative, comparing these alternative -specific benefits to its costs, comparing this “cost-
efficiency” for all alternatives, and then selecting the one that offers the greatest potential.

4.4.4.1 Benefits

Freeway management strategies (i.e., operational improvements, low-cost geometric
improvements, ITS) can produce a number of benefits, often significant in their magnitude. An
overview of some of these benefits is included in Chapter 1, with additional information provided
in subsequent topic-specific chapters. Several benefits can be quantified as performance
measures (e.g., reduction in travel time, reduced delay, reduced emissions, reduced fuel
consumption, reduced incidents) and associated indices; whereas others cannot (e.g.,
improvement in driver perception of the transportation agencies in the region). Furthermore,
while some of the quantifiable benefits can be readily converted to a monetary value (e.g., fuel
consumption, person delay), other benefits, such as emission reductions, do not easily lend
themselves to monetary conversions (at least not without some significant assumptions).
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Another consideration when estimating benefits (and in developing alternatives) is to fully
recognize the synergies that can develop from implementing certain combinations of freeway
management elements and / or ITS components. For example, if deployed independently, ramp
widening, ramp metering, and retiming of signals at nearby intersections would likely improve
operations; but combined, the benefits could be significant. Similarly, implementation of closed-
circuit television may not only assist in the verification and response - determination of an
incident, but also prove useful in verifying whether a traffic message is properly displayed on a
nearby changeable message sign. At the same time, it is important to realistically assess how
certain elements or components will actually perform, given the presence of other improvements
and subsystems. In some cases, the interrelationships are such that the benefits of stand-alone
elements may not be additive, as in the case of automated incident detection algorithms (and
the associated surveillance infrastructure) combined with a toll free telephone number
established for cellular telephone users to call in and report incidents — quickly detecting the
same incident twice (once by each subsystem) does not double the benefits.

The freeway practitioner must also recognize the fact that whereas freeway management costs
are “real dollars” obligated by a government agency and ultimately funded by taxpayers; the
benefits, while very real in terms of improved operations and safety, may not always translate
well into dollar equivalents — that is, the monetary value of the benefits does not represent
actual funds that accrue back to an agency or that are recognized by individual travelers.
Moreover, these benefits may not be as highly valued in the political decision arena as more
traditional highway improvements involving significant amounts of concrete and asphalt. As
discussed in Chapter 2, the freeway practitioner must endeavor to promote a more widespread
appreciation of the relatively high cost-effectiveness of freeway management and operations.

Information on benefits can be obtained from a variety of sources, including:

e Simulation (as discussed in section 4.4.2)

e |TS Deployment Analysis System (IDAS, discussed in section 4.4.4.6)

e Other similar improvements and systems (e.g., www.benefitcost.its.dot.gov for ITS-related
benefits) with the caveat that great care must be taken when using representative benefits
of similar systems and programs. The user must consider potential differences in the
features and functionality of the programs, location and topography, the existing traffic
conditions before implementation, the existence and stability of working relationships
between agencies, the specific combination of elements and subsystems incorporated into
the overall freeway management program — all of which contribute to its overall success and
impact of a freeway management and operations program.

4.4.4.2 Costs

Costs associated with freeway management improvements may be classified as follows:

e Capital costs include all costs associated with the implementation of the freeway
management strategies and systems, including planning, design, right-of-way, equipment,
construction, maintenance & protection of traffic during construction, software development
and licensing, system integration, and testing.

e Continuing costs are those associated with ongoing operations of the freeway
management program, including equipment and infrastructure maintenance costs,
equipment replacement, staffing costs to operate the system (operations personnel, clerical
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personnel, public information personnel, etc.), utilities costs, software updates, and leasing
costs (communications, control center space, etc.).

Continuing costs are just as important as, if not more important than, capital costs. Adequate
funding for operations and maintenance, including funding to replace system components when
their useful lives have expired, is essential for successful freeway management.

It is crucial that the life — cycle costs of the program must be determined in terms of its complete
implementation and operating schedule, recognizing that a freeway management and
operations program will likely entail many separate steps, with elements that are deployed and
become operational at various points in time. In developing life — cycle costs, the time stream of
capital and operating / maintenance costs must be determined and net present worth
techniques applied (e.g., discount the annual recurring costs and sum with capital costs to
derive the net present value.)

Information on costs can be obtained from a variety of sources, including:

e ITS Deployment Analysis System (IDAS, discussed in section 4.4.4.6)

e Experience of other programs and systems (e.g., www.benefitcost.its.dot.gov for ITS —
related costs, and selected DOT web sites), with the caveat that great care must be taken
when using representative costs of similar systems and programs. The user must consider
potential differences in methods of construction and integration, timing (i.e., inflation),
location and topography, and what all is included in a particular item (e.g., does the DMS
cost include the support structure).

4.4.4.3 Benefit — Cost Analysis

The Benefit-Cost (B/C) analysis technique is perhaps the most widely accepted methodology for
evaluating transportation improvement alternatives. The B/C ratio is simply the equivalent
benefit of an alternative divided by the equivalent cost of that alternative:

B/C = (benefits of alternative i) / (costs of alternative i)

Benefit-cost comparisons are possible when the benefits of an improvement can be assigned a
monetary value. If the benefits of an alternative exceed its costs, the improvement is
economically justifiable. Furthermore, the ratio of each alternative provides a convenient basis
for comparison, providing a measure of the dollars of expected benefit of an alternative for each
dollar spent on that alternative.

If system alternatives being analyzed build upon each other in terms of the costs, quantities,
complexities, etc. of components that meet the system goals and objectives, it may be more
appropriate to consider an incremental benefit-cost analysis. For this approach, the benefits and
costs considered for each alternative are not the totals, but rather the additional benefits
achieved and costs incurred over the next expensive (and presumably effective) alternative.
This analysis considers, in effect, whether an investment necessary to achieve the next
incremental step in the system can be justified in terms of the incremental benefits that would be
achieved.

The benefit-cost (or incremental benefit cost) analysis methodology provides an objective
means of comparing the quantifiable and monetarily-based benefits of an alternative to the
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costs of that alternative. However, as already discussed, some freeway management benefits
are not easily quantified, and not all quantifiable benefits are easily converted to a monetary
value. Because of this, alternative analyses are often needed to help assess which alternatives
systems or subsystems meet their objectives in the most economical manner. One such
analysis approach is utility cost.

4.4.4.4 Net Present Value

Computation of an alternative’s net present worth involves a conversion of all costs and benefits
of an alternative that are incurred at the alternative’s initiation and throughout its useful life (life-
cycle) to an equivalent current value. The current value of the equivalent costs is subtracted
from the current value of the equivalent benefits of the alternative. If the benefits exceed the
costs, the alternative can be justified economically. Furthermore, comparisons among
alternatives are straightforward; the alternative that provides the greatest additional benefits
over costs (sometimes referred to as “excess benefits”) is said to have the greatest net present
worth.

4.4.4.5 Utility — Cost Analysis

Although a benefit-cost (or incremental benefit-cost) analysis is a direct method of determining
whether a freeway management alternative is economically viable, such an analysis can be
performed only if the benefits to be accrued can be estimated in monetary terms. For many
goals and objectives of freeway management, this is not possible. In these cases, a utility-cost
analysis approach is commonly utilized. The term cost-effectiveness is sometimes used
interchangeably with the term utility-cost analysis.

In a utility-cost analysis, utility measures of performance goals or objectives are created to
estimate system benefits. Typically, a project team or expert panel subjectively rates (from 0 to
10 or on a similar scale) how well an alternative is expected to achieve each of the objective or
performance criteria. Weighting factors (summing to unity) are also estimated for each of the
objective or performance criteria, and multiplied by the rating given to that objective/criterion.
These *“utilities” of each of the objective/criteria are then summed to determine the total system
utility. Dividing the system ultility by total system cost represents the utility-cost factor for a
particular system. The basic steps in a utility-cost analysis are as follows:

Define goals and subgoals (done as part of the decision process).

Weigh each goal.

Weigh each subgoal.

Rate the utility of each alternative in satisfying each goal/subgoal.

Multiply the rating by the weight for each goal / subgoal, and sum over all goals for each
alternative (i.e., calculate the utility)

e Compute utility-cost ratio.

4.4.4.6 TS Deployment Analysis System (IDAS)

The ITS Deployment Analysis System (IDAS) is software developed by the Federal Highway
Administration that can be used in planning for Intelligent Transportation System (ITS)
deployments. It is a modeling tool at the sketch planning level that enables the user to conduct
systematic assessments and quantitative evaluations of the relative benefits and costs of more

September 2003 4-37



Freeway Management & Operations Handbook
Performance Monitoring & Evaluation

than 60 types of ITS investments (at the time of this writing), in combination or in isolation. IDAS
has a number of useful features. For example, IDAS:

o Works with the output of existing transportation planning models;

o Compares and screens ITS deployment alternatives;

e Estimates the impacts and traveler responses to ITS;

o Develops inventories of ITS equipment needed for proposed deployments and identifies
cost sharing opportunities;

Estimates life-cycle costs including capital and O&M costs for the public and private sectors;
e Provides documentation for transition into design and implementation.

The model utilizes network and trip data from the regional transportation model. Strategies are
applied either for links in the transportation network or at the traffic analysis zone level.
Strategies that affect the time or cost of travel affect mode choice, temporal choice, and
induced/foregone demand through a "pivot-point" model, which is based on coefficients from the
regional travel model. Other strategy impacts are based on findings from various empirical
studies. Changes in trips by mode, time of day, and origin/destination subsequently affect
vehicle speeds and volumes.

Required data include transportation network and trip tables by mode and/or purpose, which
can be obtained from the regional travel model, and deployment of ITS strategies by type and
location on the transportation network. The outputs include changes in vehicle-trips, VMT,
emissions; travel time savings and improvements in travel time reliability; energy consumption,
noise impacts, safety impacts, and monetary values of these changes; and lists of ITS
equipment and costs.

IDAS requires some time investment to learn and some user skills — in particular, it is helpful to
have familiarity with travel model data in setting up the model. Data entry and alternatives
analysis are conducted in a user-friendly Windows environment. Run time is non-trivial
(anywhere from a few minutes to a few hours, depending on the number of zones and other
factors.)

45 CLOSING, AND A LOOK FORWARD

Performance measures are important and valuable indices for evaluating the transportation
system operating conditions, identifying problems (e.g., congestion and delays, poor operating
speeds, crashes, large fluctuations in travel times / average speeds), and their locations and
severity. As discussed in Chapter 2, having identified the problems, the next step for the
freeway practitioner is to develop alternative improvements and strategies for alleviating (or at
least reducing the impact of) these problems, and then analyzing and evaluating these
alternatives (using one or more of the tools and techniques described in Section 4.4) to
determine the optimum alternative or combination of alternatives.

The remainder of this Freeway Management and Operations Handbook (i.e., Chapters 5 — 17)
describes numerous alternatives for improving the operation and safety of a freeway facility.
What is “best” for a particular location is dependent on a number of factors and considerations
specific to that location, including the roadway geometrics, signs and markings, weather,
lighting, driver population and their behavior, the mix of vehicles in the traffic flow, locations and
characteristics of major traffic generators, the institutional environment and the associated goals
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and policies of decision makers, the extent of any ITS deployment, the features and functionality
of any existing management systems, just to name a few. It is the responsibility of the
practitioner to consider all such variables in the analysis.

Moreover, as discussed in Chapter 2, when identifying potential operational improvements and
enhancements, the practitioner must consider a wide range of possibilities and perspectives —
including the perspective of enhanced transportation services (i.e., the “supply” of
transportation), the perspective of those who use these services (i.e., better managing the
“demand” for the transportation system), the perspective of influencing where this demand
occurs (i.e., the land use dimension), or any combination of the above. Practitioners should also
carefully consider how individual actions relate to one another and how, when combined into an
overall program, they relate to area, regional and statewide objectives.
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5. ROADWAY IMPROVEMENTS

5.1 INTRODUCTION

An oft-repeated axiom of this Handbook is that freeway practitioners must view the overall
performance of the transportation network as a whole; broadening their view of “management
and operations” to include other approaches for improving freeway performance that have not
traditionally been considered their responsibility. This expanded view means looking beyond
the “typical’ freeway management and operation alternatives (e.g., ramp management and
control, managed lanes and HOVSs, traffic incident and planned special event management,
traveler information dissemination, traffic management centers, surveillance, etc; as discussed
in subsequent chapters), and giving consideration to other types of improvements in concert
with freeway management systems and strategies. These additional strategies and
improvements may include increasing capacity at bottleneck locations, altering the geometrics
to eliminate safety hazards, enhancing various attributes of the freeway environment (e.qg.,
signing, pavement markings, illumination) to increase safety and driver convenience, and
implementing strategies to reduce travel demand.

The introductory chapter to this Handbook uses the analogy of a three — legged stool to
describe effective highway transportation. This stool consists of three component parts —
building the necessary infrastructure, effectively preserving that infrastructure, and effectively
preserving its operating capacity by managing operations on a day-to-day basis — with all three
parts, or legs, existing in the appropriate proportion to one another. Thus, the freeway
practitioner needs to somewhat “blur” any distinction between these “legs”, considering
improvements to the infrastructure to be within the broad realm of “operations”.

511 Purpose of Chapter

This chapter provides a high-level overview of potential actions that improve freeway
performance by modifying the roadway itself, such as adding lanes to increase capacity (and
thereby increase operational efficiency) at roadway bottlenecks, ramps, interchanges, or other
roadway locations; and making changes to the geometric configuration or physical
characteristics of the roadway to enhance safety. After a brief overview of the types of problems
that can be addressed by roadway improvements (and the potential benefits), and how these
potential improvements should be addressed within the freeway management program, the
following improvements are discussed: horizontal and vertical alignment; roadway widening
(e.g., auxiliary lanes, shoulders); providing additional lanes without widening (e.g., restriping,
use of shoulder as travel lane); interchanges (improvements to ramps and weaving sections);
and other improvements such as treatment of obstacles and skid resistance.

It is emphasized that this chapter provides only an introduction to possible roadway
improvements in support of freeway operations. For additional details and design guidelines, the
practitioner should consult a variety of references, many of which are identified at the end of this
chapter. Moreover, new freeway facility construction, major 3R projects (resurfacing, restoration,
rehabilitation), and significant freeway infrastructure construction (e.g., new interchange,
widening over a stretch of several miles) are not addressed herein; although the practitioner
should nonetheless be cognizant of the potential of such major improvements, and consult the
appropriate references as required.
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5.2 BACKGROUND AND OVERVIEW

Chapter 1 discusses the concept of “recurrent congestion” — a situation that occurs when
demand increases beyond the available capacity of the roadway. It is usually associated with
the morning and afternoon work commutes, when demand reaches such a level that the
freeway is overwhelmed and traffic flow deteriorates to unstable stop-and-go conditions. The
obvious solution to this problem — and often the most effective — is to increase the capacity of
the affected segment.

Several physical attributes of the freeway facility impact its capacity and operational
characteristics as summarized in Table 5-1. Additional factors effecting capacity include
percentage of heavy trucks, level of speed enforcement, lighting conditions, pavement
conditions, pavement markings and signing, and weather. By enhancing one or more of these
roadway elements, the capacity will be increased thereby improving traffic flow. As an example,
using the methodologies and tables contained in the Highway Capacity Manual (Reference 1),
increasing the number of freeway lanes from 2 to 3 will increase the “service volumes™ at Level
of Service D from 3840 vph to 5850 vph — an increase of a little over 50 %. Another example —
cited in Reference 2 — involves increasing the distance to obstructions on both sides of the
freeway (having two 12-foot lanes in each direction) from one foot to six feet could increase the
capacity by about 10 %.

Table 5-1: Physical Factors Affecting Roadway Capacity and Operations
(Source — Reference 1)

Category Capacity / Design Element

Horizontal Alignment e Degree of curvature
e Super elevation

Vertical Alignment e Grade
e Length of grade
e Vertical curves — sag and crest

Cross Section e Number of lanes
e Lane width
e Lateral Clearance
0 Shoulder type and width
0 Median type and width
0 Clearance to obstructions
Other ¢ Interchange density
e Ramps & ramp junctions
e Weaving sections

Roadway improvements can also enhance traveler safety by improving hazardous locations. In
fact, the ITE Document “A Toolbox for Alleviating Traffic Congestion and Enhancing Mobility”
(Reference 2) includes a table listing the “design elements that can influence safety. It is

8 For urban conditions, 12-foot lanes, 6-foot shoulders, level terrain, 5% heavy vehicles, and 1
interchange per mile.
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essentially identical to Table 5-1 above (with the addition of sideslopes, roadside traffic barriers,

and ditch design). A few examples of roadway improvements enhancing traveler safety include:

e In certain cases, an improperly aligned highway with sharp curves may have five times as
many accidents compared to a highway with good alignment. (Reference 2)

e As reported in Reference 3, Caltrans has evaluated many of its safety projects to determine
what has been effective. On average, curve correction was found to reduce 50 % of all
accidents, superelevation correction reduced 50 % of run-off-road accidents, and truck
escape ramps reduced 75% of run-away truck accidents.

¢ Longitudinal grooving of pavements has shown dramatic reductions in wet pavement
accidents. The FHWA Report “Effectiveness of Alternative Skid Reduction Measures”
(Reference 4) references two California studies from the early 1970’s where grooving
resulted in reductions in the wet pavement accident rates of 70 and 73%, with the largest
decreases in sideswipe, fixed object, and rear-end accidents. The same reference
summarizes 77 grooving projects in 13 states that showed an overall decrease of 75% in
wet pavement accidents.

5.2.1 Key Considerations During Freeway Management Program Development

It is important for freeway practitioners to regularly address and evaluate a full array of freeway
improvements — from large-scale projects to “low cost” roadway enhancements® as potential
elements of a freeway management and operations program. As such, they should be
considered throughout the various activities that comprise the development and management of
a freeway operations program (refer to Chapter 3).

A critical issue (or “step” as shown in previous Figure 3-1) is that of the “institutional
environment”. One of the major differences with many of the actions discussed in this chapter
compared to the operational improvements discussed in subsequent chapters is that, in almost
all cases, roadway improvements that add capacity are subject to planning and environmental
requirements’® that must be followed to secure financial support (2). This may include:

¢ A Major Investment Study (MIS), where a major transportation investment is identified
through the planning process as satisfying a need and where federal funds are potentially
involved. A major investment includes “high-type highway improvements of substantial cost
that are expected to have a significant impact on capacity, traffic, level of service, or mode
share at the transportation or sub-area scale” (2).

e An environmental impact statement (EIS) or environmental assessment will have to be
undertaken if the proposed improvement is expected to have significant environmental
impacts.

e If the urban area is in non-conformance with air quality standards, a conformity analysis
must be undertaken to show no additional degradation of air quality due to the proposed
improvement.

° Low cost relative to building a new roadway or widening long stretches of existing facilities

19 Some freeway practitioners have indicated that, in their experience, the installation of auxiliary lanes for
freeway entrances and exits, and the widening of entrance ramps have not been subject to these
requirements; or when they are, the result is a “Negative Declaration”, allowing the roadway improvement
to move forward without going through a time consuming environmental study.
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The proposed roadway improvements should also be correlated with State and Regional Long-

Range Plans, TIPs, etc. As these improvements are generally considered capital projects, they

may already be programmed or budgeted; or the proposed improvement might be readily

incorporated into another programmed capital project in the same geographic area. Other

procedural considerations include:

e Stakeholders should include those agencies, departments, and staff responsible for
designing, building, and maintaining roadway improvements.

o Performance measures (discussed in Chapter 4) should include indices for identifying
locations with recurrent congestion and safety problems, and for determining the nature of
the problems and severity.

¢ When analyzing and making decisions regarding potential improvements, it is important to
remember that changes in traffic and operational patterns resulting from roadway
improvements often have an impact that goes beyond the immediate facility that is being
improved. For example, additional capacity provided in one corridor could very well
influence demand on adjacent arterials or nearby freeways, while eliminating a bottleneck at
one location could exacerbate congestion somewhere downstream. Such issues must be
considered in the analysis that precedes a decision to improve the roadway and increase
capacity. In other words, when looking at alternative roadway improvements, the concept of
systemwide performance (as compared to segmental throughput) must be the foremost
consideration. As discussed in chapter 4, simulation models have proven very useful in this
regard.

o Geometric design standards contribute to improved freeway safety and throughput. These
criteria and guidelines should be incorporated into the design of roadway improvements.
Applicable references include (but are not limited to) the AASHTO “Policy on geometric
Design of Highways and Streets” (Reference 5), the AASHTO “Highway Safety Design and
Operations Guide” (Reference 6), and the TRB “Geometric Design and the Effects of Traffic
Operations” (Reference 7). It is also noted that, at the time of writing this Handbook, ITE is
preparing a Freeway and Interchange Geometric Design Handbook.

5.2.2 Relationship to Other Freeway Management Activities

Roadway improvements and more traditional operations improvements — including ITS — based
solutions — should work in concert with one another. Moreover, roadway improvements often
enhance the application of the strategies addressed in subsequent chapters. For example:

e Ramp metering (as discussed in Chapter 7) may be more effective, particularly with respect
to minimizing back-ups onto the surface street network and / or providing preferred
treatment for HOVs, by widening the ramp to provide additional lane(s) or HOV bypass
lanes.

e Truck restrictions (as discussed in Chapter 8 on Managed Lanes) on upgrades may require
the addition of a climbing lane to enhance the operation.

¢ Incident management (Chapter 10) may be enhanced by the construction of wider shoulders
or refuge areas for disabled vehicle.
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¢ During special event management (Chapter 11) and major evacuations (Chapter 12), the
use of shoulders as travel lanes — thereby increasing roadway capacity — may be an
appropriate and effective strategy.

5.3 HORIZONTAL AND VERTICAL ALIGNMENT

Horizontal and vertical alignments are considered “permanent design elements” (5). It is
extremely difficult and costly to correct alignment deficiencies after a highway is constructed.
Nevertheless, such changes to the roadway infrastructure may prove a cost — effective and
possibly necessary solution, particularly if there are safety issues. Projects to improve
horizontal and / or vertical alignments are typically not within the realm of “operational
improvements”, but are considered highway reconstruction (i.e. the preservation leg of the
aforementioned 3-legged stool).

The ITE “Toolbox for Alleviating Traffic Congestion and Enhancing Mobility” (2) defines highway
reconstruction as the process of replacing or rehabilitating a road. Reconstruction projects
include modernizing geometric and structural standards, improving the quality of operation and
safety, increasing capacity, and extending the life of facilities. Importantly, the reconstruction of
a facility provides an opportunity to correct or improve operational problems that developed
since the facility was built. These improvements could include changes in alignment, improved
interchange design, new interchanges, and widening.

While not typically in the realm of “operations”, these actions impact freeway operations and
should be considered as part of the “toolkit” the practitioner draws from when analyzing and
recommending actions to address operational deficiencies. Freeway management practitioners
should also be cognizant of and, to the greatest extent possible, directly involved in the planning
and design of major reconstruction projects to:

e Ensure that the projects address identified deficiencies in freeway operation

e Ensure that disruption to the traveling public is minimized through carefully planned and
coordinated construction sequences and work zone management strategies, including
the implementation of transportation management strategies and technologies minimize
this disruption during reconstruction (e.g., incident management, surveillance, traveler
information)

o Identify the potential impact of reconstruction on existing field components of an ITS-
based freeway management system (e.g., conduit and communications cable, CCTV,
detectors), and prepare plans for keeping these components operational during
reconstruction)

e Identify elements (e.g., conduit network, foundations) that can be provided in the
reconstruction design for system implementation at a later date.

54 ROADWAY WIDENING

The number of lanes on a freeway segment influences congestion and safety. Widening a
freeway to provide additional lanes over several miles falls into the category of a major
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reconstruction. There are also “bottleneck” situations (i.e., insufficient capacity for just a short
distance) where a low-cost roadway improvement can add lanes to eliminate these constraints.

54.1 Auxiliary Lanes

An auxiliary lane is defined by AASHTO (5) as the portion of the roadway adjoining the traveled
way for speed change, turning, weaving, truck climbing, maneuvering of entering and leaving
traffic, and other purposes supplementary to through-traffic movement. Auxiliary lanes are used
to balance the traffic load and maintain a more uniform level of service on the highway. They
facilitate the positioning of drivers at exits and the merging of drivers at entrances. AASHTO (5)
provides the following guidance regarding auxiliary lanes:
e The width of an auxiliary lane should be equal to the through lanes. Where auxiliary lanes
are provided along freeway main lanes, the adjacent shoulder should desirably be 2.4 to
3.6m [8 to 12 ft] in width, with a 1.8m [6 ft] wide shoulder being the minimum considered.

e Operational efficiency may be improved by using a continuous auxiliary lane between the
entrance and exit terminals where interchanges are closely spaced; the distance between
the end of the taper on the entrance terminal and the beginning of the taper on the exit
terminal is short; and/or local frontage roads do not exist. An auxiliary lane may be
introduced as a single exclusive lane or in conjunction with a two-lane entrance.

e When interchanges are widely spaced, it might not be practical or necessary to extend the
auxiliary lane from one interchange to the next. In such cases, the auxiliary lane originating
at a two-lane entrance should be carried along the freeway for an effective distance beyond
the merging point. An auxiliary lane introduced for a two-lane exit should be carried along
the freeway for an effective distance in advance for the exit.

Figure 5-1 illustrates an example of adding an auxiliary lane (8). The Dallas district of the Texas
Department of Transportation, in conjunction with the City of Richardson, TX, developed and
implemented this solution to improve merging / weaving at the entrance to southbound US 75
from the recently constructed President George Bush Turnpike. The cause of the bottleneck
was a forced merge of the ramp traffic onto the southbound main lanes of I-75. Texas
Transportation Institute (TTI) conducted an evaluation. Before and after data established that
each vehicle using the ramp connection averaged one minute in travel time savings, with a peak
savings of over three minutes. At the same time, main lane traffic maintained or experienced a
slight increase in speed. The TTI report (6) further states that, in general, the benefit — to — cost
ratio for these types of projects are typically high, averaging 20:1 for a ten-year life.
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Figure 5-1: Example of Adding an Auxiliary Lane
(Reference 8)
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5.4.2 Speed - Change Lanes.

Drivers leaving a freeway at an interchange are required to reduce speed as they exit on a
ramp. Drivers entering a freeway accelerate until the desired highway speed is reached.
Because the change in speed is usually substantial, AASHTO (5) recommends that provision
should be made for acceleration and deceleration to be accomplished on auxiliary lanes to
minimize interference with through traffic and to reduce crash potential. Such an auxiliary lane,
including tapered areas, may be referred to as a speed-change lane. The terms “speed-change
lane,” “deceleration lane,” or “acceleration lane”, as used in Reference 5, apply broadly to the
“added lane joining the traveled way of the freeway with that of the turning roadway and do not
necessarily imply a definite lane of uniform width. This additional lane is a part of the elongated
ramp terminal area.”

A speed-change lane should have sufficient length to enable a driver to make the appropriate
change in speed between the freeway and the turning roadway in a safe and comfortable
manner. Moreover, in the case of an acceleration lane, there should be additional length to
permit adjustments in speeds of both through and entering vehicles so that the driver of the
entering vehicle can position himself opposite a gap in the through-traffic stream and maneuver
into it before reaching the end of the acceleration lane. This latter consideration also influences
both the configuration and length of an acceleration lane. (5)

5.4.3 Climbing Lanes

Per AASHTO (5), climbing lanes offer a comparatively inexpensive means of overcoming
reductions in capacity and providing improved operation where congestion on grades is caused
by slow trucks in combination with high traffic volumes. Although typically applied in rural areas,
there are many instances where climbing lanes are needed and appropriate for urban areas.
Criteria presented in AASHTO (5) include the following:

e Critical length of grade — this is the length of a particular upgrade that reduces the speed
of low-performance trucks 15 km/h (10 mph) below the average running speed of the
remaining traffic. Charts for determining this critical length of grade are provided in the
reference (e.g., just under 1000 ft for a 5% upgrade grade). If the critical length of grade
is less than the length of grade being evaluated, consideration of a climbing lane is
warranted.

o Existence of a low level of service on the grade. Generally, climbing lanes should not be
considered unless the directional traffic volume for the upgrade is equal to or greater
than the service volume for LOS D.

e The location where the climbing lane should begin depends on the speeds at which
trucks approach the grade and the extent of sight distance restrictions on the approach.
Where there are no sight distance restrictions or other conditions that limit speeds on
the approach, the added lane may be introduced on the upgrade beyond its beginning
because the speed of trucks will not be reduced beyond the tolerable level to following
drivers until they have traveled some distance up the grade. The ideal design is to
extend the climbing lane to point above the crest, where a typical truck could attain a
speed that is within 15 km/h (10 mph) of the speed of other vehicles. Climbing lanes on
multilane roads are usually placed on the outer or right-hand side of the roadway.

September 2003 5-8



Freeway Management & Operations Handbook
Roadway Improvements

5.4.4 Widening Without Adding Lanes

Widening the roadway, but not adding lanes can also improve operations. The potential for an
increase in capacity and improved safety (i.e., providing a safe refuge for disabled vehicles) via
shoulder widening has already been mentioned.

AASHTO (5) discusses widening the traveled way on horizontal curves to make operating

conditions on curves comparable to those on tangents. On earlier highways with narrow lanes

and sharp curves, there was considerable need for this widening. On modern highways (12 ft

lanes) and high-type alignment, the need for widening has lessened considerably. But for some

conditions of speed, curvature, and width, it remains appropriate to widen travel ways. Widening

is needed on certain curves for one of the following reasons:

e The design vehicle occupies a greater width because the rear wheels generally track inside
front wheels (off tracking) in negotiating curves, or

o Drivers experience difficulty in steering their vehicles in the center of the lane.

Design values are provided in this reference for various values of roadway width, design speed,

radius of curve, and design vehicles. A minimum widening of .6 m / 2 ft is recommended (5).

5.5 PROVIDING ADDITIONAL LANES WITHOUT WIDENING THE FREEWAY

Using freeway shoulders as travel lanes has occurred in some cities since the late 1960s, with
many of these lanes being devoted to HOV use. These modifications include using one or more
shoulders as travel lanes (this is often done only during peak hours and in the peak direction);
and reducing lanes widths to provide additional lanes within the existing pavement. The
following discussion of this strategy is taken from the ITE “Toolbox for Alleviating Congestion
and Enhancing Mobility” (2).

55.1 Benefits/Cost

Significant increases in capacity (up to as much as 30 percent and more) are possible. These
capacity increases however, have often been achieved with some increase in accident rates.
Thus, the design of such lanes must clearly take into consideration the safety aspects of the
particular freeway section. Even though such treatments should be considered temporary, an
FHWA staff study found that in cities with populations over one million, almost 32 percent of the
urban freeway mileage could experience reduced congestion though such low-cost measures.

A 1995 study of freeway shoulder lanes (Reference 9) found:

o Freeway capacity in excess of 2,200 passenger car per hour per lane were observed at
these sites.

¢ Modified sites have a greater tendency to fall into more congested conditions at high
volumes than unmodified sites.

e The range of observed speeds along an unmodified freeway section will be somewhat
greater than along a comparable modified section.

e Accident rates at modified freeway actions are somewhat higher than rates for unmodified
sections.

e Truck accident rates are almost always higher on modified sections.
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Another study'* examined the northern Virginia 1-95 use of shoulder lanes for the entire day.

This 8 mile / 12.9 km section of Interstate has a left lane designated for 3+ HOV vehicles, two
general purpose lanes, and a right shoulder which is used as a conventional travel lane. This

study concluded:

e The use of shoulder lanes increased freeway capacity significantly. Analysis indicated

that removing the shoulder lanes from general purpose use would increase queue
lengths by 140 percent and system delays by 929 percent. The HOV and shoulder
lanes carried 47 percent of road vehicles and 63 percent of total travelers on the

freeway.

¢ No adverse impacts on general traffic accident frequency were found. Fatality rates

were lower than the “before” situation.

o Importantly, in keeping with the concern mentioned earlier about safety, several
modifications were made in the corridor to maintain operational and enforcement
activities. In particular, emergency pullouts were built and signed to allow for safe

storage of disabled vehicles.

The primary advantages and disadvantages in implementing this tool are summarized below

(from Reference 9)

Design Alternative

Use of Left Shoulder

Advantages

Left shoulder not used as
much for emergency stop
or emergency
enforcement.

Lease expensive if width
is available.

Trucks often restricted
from left lane.

Disadvantages
Usually requires
restriping.

Sight distance problem
with some median
treatments.

Use of Right Shoulder

Often the easiest to
implement.

Right should is preferred
area for emergency stops
and enforcement.

Sight distance changes
are merge and diverge
areas of ramps.

Use of Both Shoulders

Not recommended.

Use ONLY in extreme
cases.

Requires restriping
Safety concerns
Enforcement difficult
Incident response longer

Maintenance more
difficult and expensive

' Chen, C. “Evaluation of HOV and Shoulder Lane Travel Strategy for 1-95”, ITE Journal, September

1995
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5.5.2 Implementation

Whenever improvements are made to a highway, the level of safety should be improved. As
noted in the AASHTO 1997 “Highway Safety Design and Operations Guide”:

“The need to accommodate more traffic within existing or limited additional right-
of-way on high volume urban freeways has led some agencies to increase
capacity by exchanging full-lane or shoulder widths for additional travel lanes
with reduced widths. Any proposed use of less than full standard cross section
must be studied carefully on a case-by-case basis. Experience indicates that
12ft- lanes can operate safely if there are no other less-than-standard features;
however, combined with shoulder width reductions, substandard sight distance,
and other features, (these) lanes may not provide the same operation”

This means that when shoulder use is being considered for traffic flow, careful planning and
design should occur to avoid any potential safety problems. In addition, structural capacity of a
highway varies across the cross section. The shoulder is not often constructed to
accommodate traffic loads. Pavement failures and subsequent repair under traffic conditions
will have an effect on both capacity and safety.

Cooperation and coordination between the state highway agency and the traffic enforcement
officials responsible for enforcement (i.e., “stakeholders”) is essential. Because the use of
breakdown lanes is not consistent with federal design criteria, federal approval will be required if
the highway facility is on the federal-aid system.

When this action is being considered, it typically generates opposition from traffic enforcement
agencies and motorists who are mainly concerned about safety (i.e. the emergency lane is used
for traffic flow rather than by emergency vehicles or breakdowns). Also, there is concern that
the flow from entrance ramps will be adversely affected. There are all legitimate concerns that
should be addressed. The response to these concerns includes the following from the AASHTO
1997 “Highway Safety Design and Operations Guide” (Reference 6):

o Where shoulders are converted to travel lanes, removing the left-side shoulder is preferable.

e Horizontal and vertical curvature should be checked for adequate stopping sight distance,
particularly in those instances where the median shoulder is being considered as a travel
lane, and the highway has a narrow median and median barrier.

e Systems for rapid incident detection and response should be considered for sections with
substandard lanes and shoulder widths. (This includes removing disabled vehicles from the
shoulders before the peak period when the shoulder becomes a traveled lane).

¢ If both shoulders are removed; mitigating measure should include adequate advisory and
regulatory signing, constructing frequent emergency pullouts, active overhead and side-
mounted changeable message signs and signals, continuous lighting, truck lane use
restrictions, dedicated service patrols and continuous enforcement.

e For sections greater than 1.5 kms where inadequate shoulders are provided emergency
pullouts should be considered where feasible.
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5.6 INTERCHANGES

Interchanges are where traffic enter and exit the freeway. The merging and weaving associated
with interchanges affect traffic flow. Improvements can be made to increase the capacity and
safety of the weaving sections and the ramps that comprise the interchange.

5.6.1 Weaving Segments

The Highway Capacity Manual (1) identifies three geometric variables that influence weaving
segment operations (i.e., configuration, length, and width) as discussed below:
e Configuration — The configuration of the weaving segment (i.e., the relative placement of
entry and exit lanes) has a major effect on the number of lane changes required of
weaving vehicles to successfully complete their maneuver.

e Weaving Length — Because weaving vehicles must execute all the required lane
changes for their maneuver within the weaving segment boundary from the entry gore to
the exit gore, the parameter of weaving length is important. The length of the weaving
segment constrains the time and space in which the driver must make all required lane
changes. Thus, as the length of a weaving segment decreases (configuration and
weaving flow being constant), the intensity of lane changing, and the resulting
turbulence, increase. Similarly, by increasing the length of the weaving area, capacity is
increased.

e Weaving Width — The third geometric variable influencing the operation of the weaving
segment is its width, which is defined as the total number of lanes between the entry
and exit gore areas, including the auxiliary lane, if present. As the number of lanes
increases, the throughput capacity increases. At the same time, the opportunity for lane
changing also increases for discretionary lane changes that may take place within the
weaving segment.

Another variable is volume. The weaving geometrics of an interchange may work quite well
under one combination of through and entering / exiting volumes, and lead to congestion and
safety problems under another (e.g., higher volumes).

Depending on the interchange layout and the distances between adjacent interchanges,
capacity may be increased, safety improved, and weaving operations improved by the addition
of auxiliary lanes and other widening efforts as previously discussed.

5.6.2 Ramp Components

The term “ramp” is used by AASHTO (5) to include all types, arrangements, and sizes of turning
roadways that connect two or more legs on an interchange. Figure 5-2 illustrates several types
of ramps and their characteristic shapes. Various configurations are used; however each can be
broadly classified as on of the types shown. The different ramp patterns of an interchange (i.e.,
the different types of interchange configurations) are made up of various combinations of these
types of ramps.
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General Types of Ramps

Figure 5-2: Types of Freeway Ramps
(Reference 5)
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There are a number of variables that influence the operation of ramp-freeway junctions. They
include all of the attributes affecting basic freeway segment operation (e.g., number of lanes
and lane widths, lateral clearances, terrain and grades, degree of curvature) There are
additional parameters of particular importance to the operation of ramp-freeway junctions,
including length and type (taper, parallel) of acceleration/deceleration lanes, sight distances,
speed, and lane distribution and free flow speeds of upstream freeway traffic.

The length of the acceleration or deceleration lane has a significant effect on merging and
diverging operations. Sho